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The Variable Energy Cyclotron at Calcutta, a new research facility which is
geting ready for commissioning. The top picture shows the 282 tonne main
magnet (in white), with one of the probes. In the bottom picture is seen the
des/dee stem assembly withdrawn from the resonator tank.
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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 MW), Apsara (1 MW), ZERLINA (a zero energy thermal
reactor), and PURNIMA (a zero energy fast reactor), a 5 . 5 MeV Van de
Graaff accelerator, a H-400 computer, a BESM-6 computer, and various
special laboratories. It also hàs 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 wiii also serve ss 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 the know-how generated
by BARC.
The B ARO DA 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 Barods of the Gujarat Fertilizer Corporation. Its
capacity is 6 7 . 2 tonnes of heavy water a year.
The TUTICORIN PLANT will be similar to the Baroda Plant and will be
linked to the fertilizer plant of the Southern Petrochemical Industries
Corporation. Its capacity will be 7 1 . 3 tonnes of heavy water per year.

The TALCHER PLANT, equipment and know-how for which are being
obtained from a West German firm, wil? use the synthesis gas stream or
the Ammonia Plant being set up at Talcher by the Fertilizer Corporation
of India. It will produce 6 2 . 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, has been
built by the Bhabha Atomic Research Centre, This plant processes 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 is 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 the design,
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 uranium4

fuelled 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 Rajasthan 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 Government of India company functioning since 1950, operates the mineral sands industry in Manavalakurichi
and Chavara, and the rare earths industry 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
Cen s 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 hydrological 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 two institutions:
The Tata Memorial Hospital and the Cancer Research Institute. In addition
to being one of the foremost cancer treatment centres in the country, it
also conducts extensive research on cancer.
The SAH A INSTITUTE OF NUCLEAR PHYSICS, Calcutta, was formally
opened in June 1950. Its fields of research include: electron microscopy,
EPR spectroscopy, mass spectrometry, 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
he Department has been making concerted efforts at indigenisation
T
by developing know-how and encouraging Indian industry to acquire
the competence and capacity to meet the demands of the nuclear programme.
In 1976-77, these efforts moved the country further in the same direction
with units of the Department such as the Bhabha Atomic Research Centre,
the Power Projects Engineering Division, the Nuclear Fuel Complex and
the Atomic Minerals Division reporting significant developments in nuclear
techniques and technology in their particular areas.
Major reactor components such as the reactor vessel (calandria), fuelling
machine heads, nuclear fuel components etc. are already being manufactured
in India. In the year under review, some more components were added to the
growing list of nuclear items fabricated in the country. Important among
these are: PHW reactor units such as the fuelling machine carriage, and
shielding and sealing plug assemblies, both for reactor II of the Rajasthan
Atomic Power Station. The fuelling machine carriage is of considerable size
but with dimensional tolerances comparable to those of wrist watch
components. It involves fabrication of heavy structures employing the latest
techniques in welding, stress relieving of large structures, heat treatment of
various alloy steel components, and precision machining. The coolant
channel shielding plug and sealing plug assemblies involve multi-discipline
techniques, and advanced technologies such as stainless steel nitriding
which was used for the first time in the country.
Another significant achievement is a novel prospecting technique evolved
by the Bhabha Atomic Research Centre and the Atomic Minerals Division
which is proving to be extremely simple and reliable in the exploration of
uranium. Known as the BARC-TEFUREX, the technique is a case of
basic research yielding demonstrable practical applications. It is expected to
play an important role in the Department's atomic minerals exploration
programme.
An interesting piece of work at BARC is in the field of opto-electronics.
Development work on an image intensifier tube—a device used in passive
night vision, is in its last stages; a cascade of three such image intensifiers
is expected to achieve light amplification of the order of 50,000, necessary
to see even under overcast star-lit environment.
Desalination
Desalination is another area of interest at BARC where work is in progress
on a 30 tonne/day ship-borne desalination plant. The design and development work pertaining to ship-borne plants has been taken up; a one tonne/
day pilot desalination plant was designed, fabricated and operated for
demonstration to prospective users of such units.
6

MHD Programme
A high temperature argon plasma jet unit has been set up at Trombay for
conducting studies on MHD plasmas and materials being developed at
BARC for MHD power generation. The overall layout and location of the
laboratories for the MHD complex to be set up at Tiruchirapalli has been
finalised jointly with Bharat Heavy Electricals Ltd.
The plasma unit can also be used for evaluating high temperature material
required in the steel, cement and thermal power industry.
R-5
On the R-5 project at BARC, the reactor building super-structure upto the
ground floor elevation is nearing completion. Fabrication of the reactor
vessel and other major components like end-shields, annular shield, reactor
outlet header, deck-plates etc. is in progress; the detailed designs of the
different systems and equipment are nearing completion.
Variable Energy Cyclotron
At the Variable Energy Cyclotron at Calcutta, the final assembly of all the
systems is nearing completion. Continuous operation for over two months
has established the capabilities of all the accelerator systems and major
services to operate successfully on a round-the-clock basis. The combined
simultaneous operation of all the systems is being taken up and an
internal beam of 80 MeV alphas is expected to circulate within the
dee-chamber soon.
Reactor Research Centre
In the Reactor Research Centre at Kalpakkam, construction of the Fast
Breeder Test Reactor (FBTR) is entering an important phase with the
fabrication work on various critical components in hand in different workshops in the country. Work has also started at the Centre on the design
of a 500 MW prototype fast breeder reactor.

Nuclear Power
During the first 11 months of the year, the Tarapur Atomic Power Station
generated 2013 million Kwh compared to 1903 million Kwh for the
corresponding period in 1975-76—an increase of approx, 11 per cent. The
Station registered a capacity factor of 60 per cent till end February 1977
which compares favourably with other nuclear power stations of similar
design elsewhere in the world.
The total output from the Rajasthan Atomic Power Station-! during the
period April 1976—February 1977 was 970 million units. The total energy
generation in 1976-77 is expected to be about 1080 million units.
The second unit of the Station is in an advanced stage of commissioning.
7

At the Madras Atomic Power Station, major nuclear and conventional
equipment have been erected for Unit-I while manufacture of major nuclear
equipment for Unit-!! is on.
At the Narora Atomic Power Project, the main plant civil works are in
progress and work on design of the nuclear and conventional systems is
under way. Manufacture of nuclear equipment and the turbo-generator
has been taken up.
Radioisotopes
Ready-to-use sterile vasectomy kits developed by ISOMED are in such
great demand that efforts are being made to interest industry to take up
large-scale production of the kits. ISOMED, the plant for radiation
sterilisation of medical products at Trombay has thus demonstrated how the
radiation sterilisation process can help surgery in camps and primary health
centres in far-flung areas in the country where facilities for sterilisation of
surgioai equipment are not readily available. 50,000 vasectomy kits produced
by ISOMED on a trial basis were supplied to family planning departments
in several states.
One of the most significant achievements of the R & D effort in this area
has been the development of a radioimmunoassay kit for the assay of
Human Placental Lactogen (HPL). This assay enables early detection of
complications in pregnancy.
Another useful radioisotopic device is a compact isotopic X-ray unit using
iodine-125 which has been designed for low energy radiography of teeth,
bines, etc. The possibility of using other indigenously available low energy
isotope sources in place of the imported iodine-125 source is being
considered.
The number of radioisotope users in the country rose to 765 from 650 last
year. The total value of equipment and radioisotopes sold and services
rendered during the year was Rs. 75 lakhs as against Rs. 68 lakhs last year.
The export component of the sale was approx. Rs. 4 lakhs compared to
Rs. 2 lakhs the previous year.
Biology & Agriculture
Trombay groundnut strains (TG) again showed superior yields in Gujarat
and Saurashtra where they were grown by Iocs! cultivators for seed
multiplication. The Indian Oil and Produce Exporters Association (IOPEA)
has sponsored an extensive seed multiplication programme for these
groundnut cultivators. The seed multiplication and distribution programme
is being managed by the Vanaspati Manufacturers' Association of India.
The performance of the TG strains was also extremely good at the cultivators'
fields in Maharashtra and in other states where they were tested.
Trombay rice cultures were tested at Vadgaon in Maharashtra by the
Mahatma Phule Kr'shi Vidyapeeth. TR-18 and 17 yielded respectively
7002 and 6676 Kg/ha which were significantly higher yields compared to
8

4810 Kg/ha of the variety Sona. These and other cultures were also tested
in the fields of several progressive farmers in Maharashtra and the results
were vsry encouraging.
Radiological Protection
The countrywide personnel monitoring service for evaluating radiation
exposures covered nearly 42,000 radiation workers from 2,280 institutions.
The corresponding figures for the previous year are 38,000 and 2,106
respectively. Countrywide radiological protection surveys were conducted
in 165 institutions, consisting of 115 medical, 28 industrial and 22 research
institutions.
During the year, the Advisory Group of the Division of Radiological
Protection processed 421 plans connected with X-ray and teletherapy
installations, industrial radiography units and radioisotope laboratories;
55 radiation installations were approved for final construction. Advice on
the use of radiation sources, equipment and associated safety aspects were
given in 1,464 cases and 1,623 applications for procurement of radioisotopes from potential users were processed.
Seismology
A high degree of self-reliance has been achieved with respect to seismic
array instrumentation and processing facilities. The experience in array
technology is now being applied to seismic investigation of rock-bursts in
deep hard-rock mines. A Rs. 17 lakh project has been undertaken for the
Bharat Gold Mines Ltd., Kolar, to locate me foci of rock-bursts down to
low levels, with a network of 6 seismographs located at ground level so
as to surround the mine workings susceptible to strata failure and using
computer-based iterative source location techniques.
Training
One hundred and fifty-three graduates in science and engineering of the
19th Course of the Training School trained for on3 year from August 1975
to July 1976 were absorbed in the various Divisions of the BARC and other
units of DAE. Besides, twenty-two engineering graduates selected for
training in reactor operations and maintenance were given on-thejob training in the Reactor Operations Division for another six months.
209 young graduates in science and engineering are presently undergoing training in the 20th course of the BARC Training School which
commenced in August 1976.
Nuclear Fuel Complex
For the first time production of coolant tubes for the Madras Atomic Power
Station (MAPP-I) was taken up at the Complex.
The Complex also made an important contribution to the import-substitution
drive of the Department by successfully fabricating Rectangular Section
Wire in zirconium-niobium-copper ternary alloy needed to meet the

requirements of garter springs for units I & II of the Madras Atomic Power
Project.
The Special Materials Plant of the Complex made a break-through in the
world market by exporting a consignment of 150 kg. of ultra-high purity
indium metal to West Germany. The purity achieved is o* the order of 99.999
per cent. This order has brought in foreign exchange of about Rs. 3.50 lakhs.
Public Undertakings
During 1975-76, the Indian Rare Earths Ltd. earned a net profit of Rs. 97.3
lakhs after providing Rs. 26 lakhs for depreciation, Rs. 5 lakhs for gratuity
and Rs. 147.6 lakhs towards taxation. The Company paid a dividend of
Rs. 17.02 lakhs.
The Company also diversified its export marketing base as a result of which
it was possible for it to establish itself in the markets for ilmenite : n the
U.S.A. and Taiwan.
During 1975-76, the Electronics Corporation of India Ltd. earned a net
profit of Rs. 61.86 lakhs after providing for depreciation of Rs. 180.38 lakhs,
interest of Rs. 229.67 lakhs on loans and borrowings, expenditure on social
facilities of Rs. 38.44 lakhs and income tax of Rs. 112 lakhs. Besides
transferring an amount of Rs. 0.85 lakhs to the Development Rebate
Reserve, an amount of Rs. 61 lakhs was transferred to the General Reserve.
Tata Institute of Fundamental Research
The TIFR All Sky X-ray Monitor experiment using position sensitive
proportional counters has been accepted for the second Indian satellite
which is scheduled for launch in April 1978. The work on this experiment
is being done in collaboration with the Space Applications Centre,
Ahmedabad.
Analysis of the TIFR experiment on the 'Aryabhata' satellite has been
completed and new, interesting results on neutron albedo flux in space and
on cosmic gamma ray background have been obtained and published.
In Radioastronomy, new data on the angular sizes of weak extra-galactic
radio sources, obtained from occultation observations using the Ooty Radio
Telescope were used to confirm the earlier Ooty results on the flux densityangular size distribution of extra-galactic radio sources. These studies have
d independent evidence for the evolutionary model of the Universe.
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RESEARCH AND DEVaOPMENT
Bhabba 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

I

Physics
Group

j

Metallurgy Division
Radiometallurgy Section
Ore Dressing Section

1 Metallurgy
j Group

Chemistry Division
Radiochemistry Division
Health Physics Division
Division of Radiological Protection

Chemical
Group

Spectroscopy Division
"I Analysis
Analytical Chemistry Division j Group
Reactor Operations Division
Safety Evaluation Section

"j Reactor Operations
S. and Maintenance

J Group

Isotope Division
Radiopharmaceuticals Section
Primary Isotopes Section
Radiation Technology and Industrial
Applications Section

j

! Isotope
' Group

J

Bio-Chemistry & Food Technology Division
Biology and Agriculture Division
Bio-Organic Division
Medical Division
Radiation Medicine Centre
11

! Bio-Medical
« Group

J

(cont)

Electronics Division
"ï
Computer Facility
L E|ectronics
Reliability Evaluation Section J G r o u P

I
! Electronics and
> Instrumentation
! Group

Technical Physics Division
Laser Section
Opto-Electronics Section
Plasma Physics Section
BESM-6 Computer
VEC Project

i

J

Reactor Control Division
Reactor Engineering Division
Experimental Reactor Physics Section
Theoretical Reactor Physics Section
Reactor Analysis & Studies Section
Chemical Engineering
Division
Ore Extraction Section
Uranium Metal Plant
Fuel Reprocessing
Division
Central Workshops
Heavy Water Division
Heavy Water Project (Kota)
Heavy Water Plant, Nangal
PREFRE, Tarapur

Reactor Group

I

Chemical
Engineering
Group

i
i
I Engineering
f Group

I
•

Technical Services Division
Desalination & Effluent Engineering Division
Waste Management Operationss Se
Section
Waste Immobilisation Project,
Tarapur & High Level Waste
Management Section
Air Cleaning Engineering Research Section
Centralised Waste Management Facility,
Kalpakkam
R-5 Project

•}

Engineering
> Services
| Group

I
i

Atomic Fuels Division
Civil Engineering Division \
Architectural Section
J
Landscape & Cosmetic Maintenance Section
Personnel Division
Accounts Division

\ Administrative
J Group
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BASIC RESEARCH
NUCLEAR PHYSICS
At the Van de Graaff Laboratory, new experiments were performed to
determine the excitation functions for the reactions **Ca (p, n) «Sc and
"Se (p, n) MBr. Fine resolution studies were made for the observed analog
resonances. A global set of proton optical parameters, valid for energies
below the Coulomb barrier, was determined by fitting the (p, n) excitation
function measured previously at the Laboratory on seven medium weight
nuclei. The neutron optical potential for the same nuclei have been determined from this set. The excitation cross sections for the shape isomer in
^ U were determined for 14 MeV neutrons and extensive theoretical
calculations were carried out to fit the existing experimental data for this
isomer. Structure calculations were performed for the isotopes of scandium
and vanadium utilising the projected Hartree Fock technique.
The resonance strengths were determined for the resonances established
in the study of the reaction MSi(<x,y) earlier. The reaction 7*Ge(p,y) w As
has been studied in order to understand the intermediate structure observed
near the isobaric analog states in "As. Elastic scattering of protons for
70
Ge has been studied between 3.0 and 5.5 MeV bombarding energies.
The theory of cluster knockout reactions has been formulated in terms
of quasi-free scattering and quasi-free reaction models, excellent agreement
with experiments has also been obtained for the reaction D +D = T -<• P
and for D +*He scattering. The elastic scattering of w-mesons and the
- charge exchange reaction (T/+,TT°) has also been investigated, through
different models. The influence of nucléon resonances has also been examined.
Utilising the modified PN 400 machine and a new 100 keV ion implantation
facility, several implantations were carried out. These include argon
implants in silicon dioxide film to study infrared absorption, hydrogen
implants in compound semi-conductors and copper implants in steel and
stainless steel to study corrosion behaviour and exchanges in the structure
of the material. The facilities have also been used to make solar cells.
The programme of investigating detailed correlations between different
ternary fission parameters, namely, long range alpha particle (LRA) energy,
fragment mass and energy and angle of LRA emission in thermal neutron
fission of "»U was continued at CIRUS, employing back-to-back gridded
ionization chamber and semi-conductor detectors. A multi-parameter data
acquisition system consisting of six ADCs interfaced with an incremental
tape recorder was set up for use in such studies. Analysis of the data earlier
recorded on the two parameter K X-ray—LRA experiment was carried out
which has shown that the average LRA energy depends significantly on the
odd-even nature of the fragment charge. Experiments to measure the yield
and spectra of LRA in the fission of M5U induced by neutrons of energies
thermal to 1020 keV were carried out in collaboration with a group at
HT, Kanpur.
13
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The analysis of the results of the gamma ray multiplicity distribution experiment was carried out, which has shown that the width of the gamma ray
multiplicity distribution depends on the fragment kinetic energy. Multiparameter measurements of the pulse heights from collectors and grids of a
back gridded ion chamber were performed. Data analysis incorporating
electronic collimation were shown to give better mass and energy resolution.
Analysis of the fragment angular distribution data in medium energy alpha
particle induced fission of ***U was carried out taking into account the
direct interaction contribution and the expected differences in the anisofropies of direct interaction and compound nucleus fission. These results
have confirmed the prediction of the earlier theoretical work carried out in
the Laboratory that the transition state shifts from the outer barrier to the
LDM barrier with increase in excitation energy. Calculations of shell correction energies from bound single particle level schemes of realistic finite
depth potentials were carried out by a modified temperature smearing
method. A programme to determine the scission state characteristics by
maximizing the entropy of the two-fragment system has been started.
The nuclear level density formula developed earlier has been extended to
deformed nuclei.
Solid State and Neutron Physics
Dispersion relations of phonons in KNO3 at room temperature have been
measured along two high symmetry directions using the multi-arm cr/stal
spectrometer. The sample under study has 20 atoms per unit cell and it is
the most complex system studied here so far by coherent inelastic scattering
techniques. These studies utilise the group theoretical selection rules.
Analysis of the data is underway. Acoustic spin wave dispersion in Lio.13
Fet.87O4 has been measured upto 0.55 of the Brillouin zone boundary
along the < 0 0 1 > direction, using the triple axis neutron spectrometer.
The inter-sublattice exchange constant was evaluated. Analysis of data on
[(NH4)X Ki_ x ] 2 SO4 measured earlier has shown that the (NH4)+ ion
plays an important role in determining the ferroelectric properties of (NK4)S
SO4. A new method of analysis, which enables the finding of the reorientational characteristics of the two (NH4) + ions in (NH4)4 SO4 separately
has been developed. New neutron inelastic and quasi-elastic scattering
measurements have been made on (NH4)* Kj_ x NBr and (NH4)X Kj_* I over
a large temperature range. Preliminary measurements on (NH4)X Kt-* Br
have been made at 4.2°K.
At room temperature polarised neutron study of CujMno.853 Alv0S7,
a ferromagnetic Heusler alloy, has shown that the moment is almost
completely localised on the Mn sites with an Mn*+ free ion-like distribution.
The asphericity of the distribution is small. Comparison of localised moment
with the saturation magnetisation value indicated the presence of additional
diffuse moment density. The A-site tetrahedral form factor in a natural
sample of Fe3O4 is found to scale very well to that of Fe3+ tetrahedral form
factor in Yttrium iron garnet where the Fe-0 distance is almost exactly the
14

same. The A-site localised moment is found to be about 10% lower than the
free ion vilue and this is attributed to covalency effects. In view of Ti
impurity in the natural sample, these conclusions will be tested from measurements on pure synthetic crystals.
Polarised neutron studies of a Ni-3% Ru single crystal indicated that spatial
distribution of magnetic moment of the alloy matrix is a little more diffuse and
symmetric than in pure Ni. Unpolarised neutron studies on orthorhombic
YbFe0.91Co0.OB03 at room temperature have shown a canted antiferromagnetic ordering of Fe 3+ ions along the c-axis. The spin reorientation
from a-axis to c-axis occurs in pure YbFeO3 above 8°K due to rare earth
moment ordering. The present study indicates that Co-doping affects the
spin reorientation. Projection of Fe 3+ moment along the c-axis has a value
of 4.18 ± 0 . 0 2 us.
A systematic study of alloys of Fe, Co and Ga by Mössbauer technique has
revealed that the magnetic moment of iron decreases with increase in the
number of nearest Ga atoms.
Using a 100 m Ci M1Am source, and a Si (Li) detector, Compton scattering
experiments for electron state studies were initiated. Measurements on the
isomers methyl formate and acetic acid have shown that both their individual
Compton profiles, as well as their difference are explained fairly well by
localised Molecular Orbital model. Calculations of Compton profile of Be
indicate the importance of inclusion of electron correlation effects.
Laser Raman studies of LiKSO4 and cyclohexane were carried out using
double grating monochromator and proton counting detection system to
obtain detailed information about the dynamics of condensed media.
Briliouin scattering experiments are being carried out usingMhe Fabry-Perot
spectrometer with alcohols in order to gain an insight into thermal and
structural relaxation occurring in these liquids.
X-ray diffraction work with the liquid crystal HxBPA were carried out
to establish the nature of some of the hitherto unknown phases and to
determine temperature dependence of molecular arrangements in the liquid
crystalline phases. Small angle light scattering from a film ( ~ 4 0 p) of a
nematic liquid crystal, MBBA was observed as a function of electric field
applied across the film in order to understand the nature of the phase
transitions that occur at certain critical voltages.
In continuation of the investigation on the bounds on eigen values of a
class of quantum mechanical Hgmiltonions, a number of inequalities, which
are hitheitofore known for power means of real numbers, are generalised
to the case of positive definite operators. It is observed that many of the
inequalities do not hold for operators.
A model for bonding between elastic spaces was developed by incorporating
a thin fluid with vanishingly small viscosity coefficient.
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Several materials were developed for various experimental studies which
include a single crystal of CutMnAI, Fe-AI and Co-AI alloys in y -phase
and Co-Ga alloys.
The Neutron Physics Section, in continuation of the studies on biological
molecules by neutrons and X-rays, conducted a neutron diffraction study
of the dipeptide glycyl-L-threonine dihydrate. Based on neutron studies of
crystalline amino acids, the average inter-atomic distances and angles, the
associated "chemical" variances for amino acid residues and accurate
parameters for describing the N-H.. .0 hydrogen bond interactions, which
are of importance in the theoretical prediction of protein conformations
were obtained. Interesting features on the back-bone and side-chain
conformation have been observed in the X-ray studies on the tri-peptide
leucylglycylglyine. Structure investigations were carried out on leucylleucinc and valyl-tyrosine.
Impurity effects and reaction kinetics of phas transformation in titanium,
at high pressures were investigated by the electrical resistivity technique,
upto a pressure of 80 kilobars and it was found that a» start pressure was
higher when the oxygen content was higher. The increase of resistance with
time after the onset of the phase conforms to that of time-dependent
isothermal martensfre.
Studies of phase transformations in ferro-elastk materials have been
initiated. Two materials, namely, boric acid and barium dichloride dihydrate,
were found to be ferro-elastic and the orientation relationship between
domains in these two structures has been investigated.
Opacity calculations for high-z elements which are needed for laser and
heavy ion fusion schemes have been carried out. The equation of state,
derived by applying Saha's ionization equation for these elements, was
found to be in good agreement with that obtained from the ThomasFermi- Dirac equation.
The one-dimensional spherical code to predict the effects of an underground
nuclear explosion on the rock medium was completed. Using this, the final
cavity radius and the initial mound velocity for the Pokharan experiment have
been calculated and these agree well with the observed values, information
about the relative importance of spall and gas acceleration phases for the
Pokharan crater formation have also been obtained. The P-V Hugoniot
Curve needed for these calculations was measured and a method was
proposed for estimating the strength curves of shales and sandstones. A new
analytical method has also been proposed for the calculation of the final
cavity radius for underground nuclear explosions.
HIGH ALTITUDE RESEARCH
Basic research in the fields of cosmic rays, astrophysics and solar terrestrial
physics was continued at the High Altitude Research Laboratory, Gulmarg
and the Nuclear Research Laboratory, Srinagar, The experiment for the
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detection of extra-terrestrial X-and gamma bursts was continued and a
variety of short and long duration events observed which are being compared
with the events recorded in satellites and other ground-based systems to
look for coincidences. For this purpose, an accurate timing facility with
accuracy of the order of 10 milliseconds/day has been established. Such a
facility is now available for a variety of other investigations. Using this set-up,
an energy spectrum of primary cosmic rays in the range 10 u -10" eV has
been measured and a break in the slope shows around 1 0 u eV. The astrophysical implications of this observation are being studied.
The study of the longitudinal distribution of active regions on the sun shows
that solar activity is confined preferentially within two zones 180° apart.
These zones reveal a shift to the east by 4° per solar rotation. The results
are being studied to understand the development of active regions and the
sub-photospheric rotation of the sun.

SFECTROSCOPY
In the field of atomic spectroscopy, high resolution spectral studies of the
atoms of Yb and Gd were continued. Isotope shifts of more than 300 lines
of these elements have been studied in the wave-length region 3900-6500Â.
Significant work in molecular spectroscopy was done in the visible, ultraviolet and vacuum ultra-violet regions by studying the electronic spectra
of the molecules CaF, LiF (Mg+) SiS and S2O in emission as well as
absorption with different excitation sources like the hollow cathode,
microwave and high frequency and high voltage discharges. Useful continuous radiation of argon has been obtained in the vacuum ultra-violet
region 1100-1700Â.
A comparison of the infrared spectra of the molecule SF, in the solid
and gas phases was made. In continuation of the study of infrared spectra
of metallic borohydrides, the spectra of uranium borohydride are being
studied.
Employing ehe flash photolysis technique, mixtures of CSX and NH3 were
suitably photo-decomposed to observe the radicals SH and NH. Similarly,
the reactions of atomic oxygen with Cl2 were studied by the photodecomposition of a mixture of N0 2 and C\s. The studies of these reactions
are of great importance in the photo-ohemistry of the stratosphere.

CHEMISTRY
In the Chemistry Division, the emphasis on basic research studies has been
on problems relating to radiation effects, including photochemical reactions
in relation to solar energy utilisation, physico-chemical properties of inorganic
compounds, especially novel type of complex compounds and material
science with special reference to phase transitions.
In the field of radiation effects, the radiolytic degradation of biomolecules
was continued under an IAEA contract. Radiolysis of B group vitamins and
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antibiotics, with suitable additives, was investigated upto a dose of 2.5
Mrads with a view to minimise the radiolytic degradation. It was observed
that frozen aqueous solutions of these compounds showed negligible
degradation upto a y-dose of 2.5 Mrads. In other studies on radiation
effects, it was found that iodoform in organic media undergoes large-scale
decomposition at low y-dose rates and the mechanism of this unusual
reaction was investigated. The photo-electrochemical route for the direct
conversion of solar energy to electricity was studied using redox reactions of
dye molecules, chlorophyll and semi-conductor surfaces
The facilities for investigating phase transitions under high pressure are
now fully operational. Using these facilities, phase transitions in Bi, CrS,
CeSng, LajCuO«, CrSe and Ti under high pressure were studied by electrical
resistivity measurements. In the studies on spin transitions, it was found
that the anisotropic hyperfine fields in (FeMn) Sn show spin reorientation
which is composition and temperature dependent. From Mössbauer studies,
it was concluded that HoFe, exhibits nuclear spin tipping phenomena.
The CaFj solid electrolyte cells, developed earlier in the Division, have been
used to study the thermodynamic stability of the Co-Se system. A
tempscature-composition phase diagram has been constructed from the
data. The studies on lithium isotope effects in ion exchange equilibria in
mixed solvents and swelling pressure studies of ion exchangers in nonaqueous media have elucidated some aspects of ion-solvent interactions
like preferential solvation of cations. The anion and cation exchange properties of zirconia, magnetite and thorium arsenate, in relation to their
structure, were investigated in order to develop inorganic ion exchangers for
special purposes, including high temperature applications.
Theoretical calculations on photo-ionisation cross sections and band
structures of metals were carried out. Molecular field theory was applied
to phase transitions in aperies of liquid crystals.

RADIOCHEMISTRY
The basic research programme of the Radiochemistry Division has been in
fission chemistry, radiation chemistry and chemistry of actinides using various
physico-chemical techniques.
Experimental investigations aimed at understanding the influence of shells
on the mass and charge distribution in the fission of heavy elements were
continued. The independent yields of m T e and 185I in the spontaneous
fission of ^ C f indicated the influence of 132 core on the width of the
distribution. Yields of some short-lived lanthanide nuclides in the neutron
fission of W U have been measured to get additional evidence of the
influence of the 28 proton shell.
In connection with the gamma radiolysis studies of U(IV) in HCI using
«°Co gamma rays, evidence for the formation of transient UCI/+ complex
has been obtained by the flash photolysis technique. The stability constants
of Pu(lll) with acetate ion and Eu(lll) with sulphosalicyiate ion, have been
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determined by Bjerrum-Calvin pH titration technique. Work has been initiated
on the study of the extraction of uranium and plutonium by di-n-hexyi
sulphoxide with a view to explore its potential use in fuel reprocessing.
The EPR studies of sodium plutonyi acetate and plutonium thenoyltrifiuroacetonate Pu (TTA)4 have shown that ligand radicals are formed
due to self-radiolysis. EPR studies of *a Ar» doped BaO have given
evidence, for the first time, of the stabilizat.. of Am*+ in octahedral
coordination.
BIOLOGY AND AGRICULTURE
Studies conducted by the Biology and Agriculture Division on the genetic
and molecular mechanisms in the repair of Haemophilus influenzae DNA
inactivated by psoralen +360 nm light have revealed that at least five
genes are involved in such repair. Bacterial virus DNA introduced into
Haemophilus influenzae cells by whole virus infection undergoes events
that are different from those observed with transfection by isolated virus
DNA. It is known that genetic recombination plays a major role in transfection
and it seems conceivable that recombination could generate DNA molecules
which may be packaged without extensive DNA synthesis. However, our
observations provide evidence that genes for DNA synthesis of both the
host and the virus must be expressed for peak transfection efficiencies.
At least three genes have been identified, two of which are viral genes and
the third one coded by the host DNA.
Differential sensitivity to ultraviolet irradiation has been observed in the
blue-green bacterium Anacystes nidulans following incubation in dark or
light when photo-reactivation of the damage due to ultra-violet is minimised.
The mechanism of radiosensitisation by various membrane specific drugs,
which were earlier shown to be good hypoxic radiosensitisers, was investigated. Only chlorpromazine (CPZ) was found to affect the post-irradiation
DNA and protein synthesis in E. coli B/r system. However, post-irradiation
addition of procaine (PRC) to the cells previously sensitised by CPZ
resulted in the almost complete inhibition of both the syntheses. In human
erythrocytes, PRC, in contrast to CPZ, was found to stabilize the membrane
against both osmotic and radiation-induced lysis.
The sensitisation by these drugs may, at least partly, be due to the structural
changes induced in the membrane as revealed by electron spin resonance
spectroscopy and the spin labelling method. The structural disorganization
was reversible, and to some extent, corresponded with the iipophilic nature
and anaesthetic potency of the drugs.
A pulsed NMR spectrometer was installed and is being used for the nondestructive estimation of oil in seeds. It can also be used for measuring
relaxation time and diffusion coefficient.
Investigations on the photochemical reactions of chloroplasts isolated from
fruit walls of red kidney beans and its leaves show that the size of the
photosynthetic unit may be larger in the case of pod chloroplasts.
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The enzymes involved in the more efficient photosynthetic plants (C4)
were studied. They have provided an explanation for their efficiency and
regulation.
The biosynthesis of chlorophyll in groundnut was studied with labelled
amino acids. The results confirm that the pathway is quite different from
that of lower organisms.
The persistence of benzene hexachloride (BHC) in the shell and kerne!
was studied in groundnut varieties TG-8, TG-9 and TG-18. The residues of
four isomers were seen in both the shel! and the kernel. In the shell, the
total amount of BHC ranged from 0.21 to 0.68 ppm and in the kernel from
0.45 to 1.24 ppm. The residue of gamma isomer of BHC ranged from
0.02 to 0.17 ppm. These values are well below the tolerance limit
prescribed for gamma isomer of BHC in crops.
BIO-ORGANIC RESEARCH
The Bio-Organic Division carried out the following investigations :
The structure of physalin D as dihydroxy-5, 6-dihydrophysaiin B was
further confirmed by the isolation of physalin B-epoxide from the same
plant. Physalin B-epoxide was hydrolysed to physalin D.
The role of steroidal withanolides was studied in the biosynthesis of
physalins. Withaferine A-MC prepared by administering labelled sodium
acetate to Withania somnifera plants was in turn administered to Physalis
minima plants and radioactive physalin D was isolated. This has established
that withaferine-A type of withanolides could be the precursors of various
physalins.
Using cell-free extracts, presence of hydroxylating enzymes was confirmed
in washed cells and homogenates of Gibberella fujikuroi through the
conversion of flavanone into its hydroxylated derivatives.
Callus cultures raised from haploid as well as diploid plants of Atropa
have exhibited a difference in their nutritional requirement and morphogenetic potential. A cytological examination of plants regenerated from
haploid cultures has revealed varying ploidy levels, namely, diploid, triploid
and tetraploid. Isolated protoplasts of Phaseolus aureus have been induced to
regenerate cell walls and undergo limited divisions. Fusion between protoplasts could be brought about with polyethylene glycol. Nutritional and
hormonal factors controlling organogenesis in stem and leaf tissue cultures
of Physa/is minima were investigated. The effect of gamma-radiation on
organogenesis was also studied and striking differences were observed with
regard to radiosensitivity of tissues.
Treatment of one to three-day old last instar nymphs of red cotton bug,
Dysdercus koenigii, with juvenile hormone analogues (JHA) inhibited
metamorphosis. Older nymphs, however, developed into apparently normal
adults but failed to produce progeny even when mated with normal adults.
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Diapause in khapra beetle larvae, Trogoderma granarium. Everts was
terminated in about 11 days with high concentrations of ecdysterone (MH)
while at lower dosages it took about 20 to 50 days. Simultaneous treatment
of the larvae with JHA and MH, synergistically reduced the duration of
diapause in comparison with that obtained with either of the hormones.
High concentrations of MH inhibited metamorphosis while, in the presence
of JHA, similar results were obtained even at low dosages of MH.

BIOCHEMISTRY
The Biochemistry & Food Technology Division continued investigations
in the following broad areas: fundamental biochemistry, including radiation effects; radiation preservation of food; and safety evaluation of radiation processed foods and toxicity studies of various environmental factors.
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, mechanisms of hormone action, developmental and dedifferentiation mechanisms, vitamin absorption and function as well as some aspects
of plant biochemistry,
Brief digestion of chromatin isolated from Yoshida ascites cells with
Micrococcal nuclease resulted in liberation of chromatin particles of 10.5 S
and their multimers which were almost similar to undigested chromatin in
distribution of major histones and in their functional attributes. This
supports the model of chromatin structure as consisting of multiples of
fundamental subunits arranged along with DNA in the form of 'beads on
string'. The structures of E. coli — RNA polymerase — binding sites (RNA
chain initiating regions) on calf thymus DNA are different from those
on T4 DNA.
A 2.5 fold increase in the transfer RNA (tRNA) methylase activity
accompanied by a 40% decrease in the glycine methyitransferase activity
was demonstrable in livers of mice long before the onset of thioacetamideinduced hepatomas. Various other studies suggest that aberrent methylation
of tRNAs may be prerequisite to malignant transformation. The carcinogen
N-methyl N-nitro N-nitrosoguanidine inhibited the acceptor activity of rat
liver tRNAs in vitro maximally for some amino acids whereas certain tRNA
species were shown to be only partially stimulated.
Difference spectra of several nucleic acids—aflaîoxin Bt complexes
demonstrated that the nature of such interactions was purely physical and
affinity-oriented. The binding affinity with tRNA from rat liver or from
£. coli K12 was lower than that with DNA or poly rG.
The induction of NADPH-cytochrome C reductase, a component enzyme
of the drug hydroxylating system, in rat liver following a single injection of
nicotinamide (100 mg/kg body wt.) was attributable to the new mRNA
and protein synthesis.
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Rat liver lysosomal membrane is a glycoprotein containing significant
levels of hexosamines, comprising 60% galactosamine and 30% glucosamine.
The in vitro binding of purified arylsulfatase A to rat liver lysosomal membrane
is optimal at pH 5.0. Prior treatment of the membrane with sialidase
decreases the binding of the enzyme by 60%.
Effect of low dose X-irradiation (50, 100 & 150 R) on various spermatogonial cell types in Swiss mice indicated that 'As' spermatogonia were
comparatively resistant, whereas \\v> other spermatogonia! cells were
highly radiation sensitive. There was no recovery of the germ cell pattern
until fifth day post-irradiation.
Exposure of rats to 1000r X-irradiation resulted in inhibition of RNA and
protein syntheses in the spleen from about 5 hr post-irradiation accompanied
by elevation in the tevels of both alkaline and acid RNases. There was a
correlation between disaggregation of polysomes and activation of alkaline
RNase, due to decreased levels of an inhibitor protein. Nascent polypeptides
of acid phosphatase were detected on the heavier membrane-bound
polysomal region of S. cerevisiae cells induced to form the enzyme.
Rat liver glucokinase, though a single subunit enzyme, exhibited regulatory
behaviour in the presence of AMP or inorganic pyrophosphate. The
treatment of the enzyme with low concentrations of urea or guanidine
hydro-chloride desensitised the enzyme. Among the three isoenzymes of
Lactobacillus casei phosphoglucose isomerase, the dimeric form (B) was
specific for glucose 6-phosphates while in tetrameric conformation (A), it
preferred ribose 5-phosphate as substrate. Lactic dehydrogenase from
Lactobacillus casei was found to be a dimeric protein with histidine at the
catalytic site. The activity could be modulated by varying the concentration
of substrate, fructose 1, 6-diphcsphate and pH when the enzyme was
suspended in HaO but not in DtO.
The occurrence of invertase in naturally immobilized form in the cocoon of
Philosomia cynthia ricini had been detected. Purified preparation of the
enzyme having optimal activity at pH 6.5, was further activated by the
presence of cysteine and reduced glutathione. A stable membrane bound
invertase of yeast cells was immobilized by entrapping the intact yeast cells
in polyacrylamide gel.
Patients suffering from AMM leukemia excrete 1 -2 g lysozyme in the urine
during a 24 hr period which was purified. Lysozyme was located in the
lymphnode capsule in animal model experiments with normal AKR mice
and those with spontaneous lymphocytic leukemia.
The activation of prothrombin by thrombokinase in presence of AT**P
was found to involve specific phosphorylation of one of the forms of
thrombin. Bovine thrombin had truee forms each differing in charge.
A y-glutamyl carboxypeptidase which hydrolyzes poiyglutamyl folates has
been characterized as consisting of two polypeptide chains linked by a
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single disulphide bridge. On reductive cleavage, the two isoenzymic polypeptides separate, each having a sulphydryl activated catalytic site and a
high degree of sequence homology starting from their identical aminoterminal
ends. Ionic effects .and conformational changes could effect over 10-fold
activation of the enzyme. Citrate potently inhibits while phosphate ions
promote autolytic degradation of the enzyme.
The studies on interaction of proteins with small anions indicate a collisional
quenching mechanism. The deactivation of fluorescence was probably
caused by a transition of singlet state to triplet state.
Polyglutamyl folyl cofactors that accumulate in vitamin B lt -grown
LactobaciHus feichmannii cells are more efficient cofactors in the thymidylate
synthetase activity of these cell extracts, as compared to the monoglytamyl
forms present in the B12 deficient cells.
Total ascorbic acid as well as the ratio of oxidized to reduced form of
ascorbate present in the brain, were decreased with increasing age in the
rat. However, ascorbic acid sulfate was found to be present in liver and
brain of the adult but not in the young rat.
Liver mitochondrial cholesterol: phospholipids molar ratio, which governs
the permeability and stability of biological membranes, is increased in
vitamin A deficient rats with about 50% reduction in unsaturated fatty acid
level. The extent of fragility of the cells in vitamin A deficient rats was
efficiently assessed by determining permeability changes in the diaphragm.
The radiation degradation product of /^-carotene was observed to be a
potent labilizer of lysosomes.
Increased urinary excretion of methyl malonic acid in vitamin E deficient
rats has been traced to impairment in the activity of methyl malonyl CoA
mutase — an enzyme which has an absolute requirement for B,s coenzyme.
In vivo studies have shown that conversion of intraperitoneally injected
88
Co-cyanocobalamine to its coenzyme form was severely impaired in
vitamin E deficient rats.
The X-irradiation induced block in intestinal folate transport was not
observed when transport was measured in vitro at pH 4. A mucosal surface,
Mg*+ -activated ATPase optimally active at the pH of the small intestinal
chyme (6.5) has been found to be essential for generating an acidic
micro-environment in which folates can be absorbed as the neutral species
by passive diffusion. The acid microenvironment does not damage the normal
intestinal absorption barrier and the other active transport-dependent
processes were not hampered.
Long-term feeding of procaine hydrochloride had a stabilising effect on
the membranes of microsomes and lysosomes in mice. The age-dependent
accumulation of lipofuscin pigments in non-mitotic tissues was lower in the
drug treated-animals.
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Studies on the nature of lithium-induced changes on the rat central nervous
system have revealed an inhibition of tissue "C-tyrosine uptake (the
precursor of non-epinephrine) both in vitro and in vivo. Although the
adrenal non-epinephrine content was decreased by lithium feeding, the in
vivo synthesis of the amine in adrenals was enhanced. Lithium feeding does
not influence the activity of monoarnine oxidase in the whole animal but
inhibited the brain and liver mitochondrial enzyme (both species A & B)
in vitro.
Studies on the in vitro effects of heavy water have revealed the following
responses in rat tissues: a significant reduction in the rate of liver
mitochondrial respiration and an uncoupling of oxidative phosphorylation,
a stimulation of in vitro incorporation of labelled amino acid into liver
microsomes and an inhibition of the same in ribosomes, and a stimulation
of brain monoamine oxidase.
E iglena gracilis cells containing chloropiasts were more resistant to
ionising radiation than the etiolated cells due to a greater capacity for DNA
strand-break rejoining. The recovery of the green cells during post-irradiation
incubation in buffer was also more efficient.
The induction of amidating enzyme activity in gamma-irradiated potato
buds within 4£ hrs after irradiation was susceptible to the addition of
10-*M indoleacetic acid (within 2 hrs after irradiation) in the incubation
medium. On irradiation, there was a parallel increase in the chromatin bound
RNA polymerase within 1 hr, which declined to normal level after 2 hrs.
The natural inhibitor for isocitrate lyase present in the crude extract of
irradiated preclimacteric banana acetone powder was isolated and characterized to be a peptide of molecular weight 5000 containing glutamic
acid and praline as major amino acids.
Germinating wheat contains at least six related gibberellin (GA)-like substances. The activity of kaurene synthetase, mediating the synthesis of
kaurene, a precursor of GA, was inhibited in irradiated seeds. This may
limit the rate of GA formation.
S. typhimurium neurotoxin is destroyed in vivo by 0.5 Mrad y-irradiation ;
however, complete detoxification in vitro required an exposure of 5.0 Mrad.
Egg-white lysozyme did not modify the radiation sensitivity of M. radiophilus.
ft could not lyse the cells of M. radiophilus, S. faciens and Salmonella
sp. although M. luteus lysed rapidly with 20-40 /ug lysozyme/ml. In
simultaneous combination with NaCI, lysozyme retarded the growth of
shrimp microflora.

MEDICINE
Studies on the Transplanted Leukaemia in AKR Mice: A transplanted
tumour offers excellent model system to study the events associated with
24

the acute phase of spontaneous disease. Transplanted lymphoblastic
leukaemia was developed in AKR mice by injecting intraperitoneally 10'
viable leukaemic cells into 3-4 months old healthy normal recipients.
These animals had an average life span of about 30 days post-transplantation, initial investigations indicated that this transplanted tumour was
very much similar to its spontaneous counterpart vis-a-vis surface charge
density of unseparated and separated lymphocyte (T- and B- c Us).
They also agreed in the proportion of these two sub-types of lymphocytes.
Progressive development of transplanted leukaemia was assessed at
different intervals of time after transplantation using the following parameters: Electrophoretic Mobilities (EPM) surface marker antigens, rosette
forming ability and immune response to sheep red cells — SRBC and
tumorigenicity of transplanted cells. It was observed that mean EPM of
splenic lymphocytes and also of the T subtype decreased significantly
on the 10th day. While the T- cell mobility remained at that level for the
rest of the survival time, the mean EPM of unseparated cells decreased
progressively upto the 25th day. The EPM of B- cells was invariant throughout. A marked alteration in the proportion of T.B cells was observed only
on the 25th day, Ü marker aniigsn on T-cells was not detected after the
5th day, whereas immunoglobulin (l g ) marker on B cells had shown
a very low average affinity for specific anti-body albeit its high concentration. On the 10th day, the frequency of lymphocytes forming rosettes with
rabbit erythrocytes (RRBC) had declined to 2% as against 14% to start
with. Immunization with SRBD did not appear to affect the cytoktnetics
of malignant development. There was a steep rise in the number of antibody forming cells or plaque forming cells (PFC) and immune rosette
forming cells (IRFC) during the intermediate phase of the development of
the tumour. Later on, the PFC as well as serum anti-body titre registered
a decline but IRFC remained at high values, indicating that while the
humoral response was non-existent in the terminal stages, cell bound antibodies were still present.
Studies on Specific Receptors on Marine Lymphocytes: These studies
have been carried out for rosette formation with heterologous REC in
different strains of mice and redistribution of concanavalin A (Con A)
on AKR lymphocytes. Only AKR and CBA mice formed rosettes with RRBC
at a significant frequency of ~ 15%. The frequency of RFC increased,
if the reaction was carried out in presence of BSA. In AKR, the frequenc«;
of RFC was independent of age upto 6 months. Neuraminidase treatment
of lymphocytes resulted in reduction in the number of RFC implicating
surface charges in this interaction.
Redistribution and endocytosis of Con A by AKR lymphocytes caused
biphasic changes in their EPM depending on concentration of Con A
used. This change required at least 15' of incubation at room temperature
or 37°C. Mean EPM of cells treated with low concentrations (2-1?..5
/*g /ml) Con A was significantly increased while that of cells treated at
> 1 5 . 0 jxg/ml Con A was reduced below the control values. Experiments
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using specific inhibitor a-methyl glucoside and fluorescent labelled Con A
clearly suggest that while at low concentration the increased EPM may be
due to redistribution, capping and endocytosis of Con A receptors; this
process may expose new sites on the cell membrane to which excess Con A
if present, may bind so as to reduce the EPM. Thus lectin induced surface
changes could be quantitated.
Tumour Associated Embryonic Antigens: Studies on the tumour associated
embryonic antigen were carried out by active immunization of Swiss
animals with syngeneic embryos and then challenging with low doses of
Dimethyl-benz-dithionaphthene (DBDN) induced fibrosarcoma cells. The
immunization with 14-15 day old embryos proved to be effective in
reducing the incidence of tumour. The animals thus immunized possessed
cytotoxic lymphocytes. Adoptive transfer tests with spleen cells from
pregnant animals showed the presence of sensitised lymphocytes in the
spleen and also of blocking factors in the serum, thus indicating pregnancy
may sensitize the animals against embryonic antigen present on the
tumour cell.
Immunotherapy of Cancer: BCG was used singly and in combination with
tumour cells (fibrosarcoma) of Swiss mice to study its immuno-therapeutic
capacity. 0 . 5 mg BCG alone did not reduce tumour appearance but
slowed down tumour growth and prolonged the survival periods. Animals
injected with mixtures of 0.1 mg BCG and 10* viable tumour (fibrosarcoma) cells effectively rejected tumour cells. Immunological mechanisms
involved in this rejection were indicated by increased tumour appearance in
BCG + tumour cells treated animals after irnmuno-suppression. The
possibility of using radio-sterilised BCG as a replacement for viable BCG
was studied and it appeared that both the vaccines were equally potent in
reducing tumour incidence when given along with tumour ceil innoculum.
Immunological tolerance to Bovine Serum Albumin (BSA) in Swiss Mice:
High zone tolerance to BSA was induced by single administration of 13.3g
BSA/KBW at birth. This state lasted upto 10 weeks of age. Combination
of this dose with thymic — X-irradiation (2000 r) prolonged the period of
tolerance upto 16 weeks after birth. Equivalent antigen dose did not induce
tolerance in 6 days old mice, though in combination with thymic irradiation
it did induce a hypo-responsive state.
Radiobiological Studies: Studies on the delayed somatic effects of
whole-body X-irradiation and the radio-protective effect of Aminoethylthiouranium (AET) and 5 hydroxy tryptamine have been carried out. The most
notable finding is the better life span of female Swiss mice exposed to
100 r in the presence of 300 mg/KBW of AET or 75 mg/KBW of 5 HT.
Further, there were no incidence of mammary tumours in the animals
irradiated in presence of 5 HT or unirradiated but 5HT treated animals.
Peripheral blood leucocytes from patients given *°Co therapy (200—1000r)
for oesophageal carcinoma were cultured and scored for chromosomal
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aberrations, breaks, dicentrics, fragments and polyploids. Such analyses
are also being carried out on patients with Down's Syndrome, primary
sterility, history of repeated abortions etc.
RADIOLOGICAL PROTECTION
In order to overcome the problem of radio-resistant hypoxic cells in cancer
therapy, studies were conducted using a diploid yeast system with the
compound metronidazole which specifically sensitizes hypoxic cells. Splitdose survival curves following gamma irradiation indicated that the chemical
only delayed the recovery period and did not interfere with the magnitude of
the final recovery.
Using gene conversion as the end-point, rem equivalent chemical (REC)
values were determined for a few widely used chemical mutagens. They
were 8 x 10~6 mM, 4 x 10~8 mM and 1.5 /*g/ml for Methyl-Nitro-NitrosoGuanidine (MNNG), 4-Nitro-Quinoline-n-Oxide (4NQ0) and NaNO2
respectively. Such a comparative study on the chemical pollutants in the
environment is of considerable value in the realistic appraisal of radiation
risk to population. Further basic studies were continued using this system
to understand the nature of radiation damage, repair and gene conversion
phenomena.
Experiments were carried out to study the mutagenic action of nonionizing radiations with the aim of arriving at exposure standards for chronic
irradiation. Reversion frequencies were determined in a BZ34 mutant yeast
system following exposure to ultra-violet, near UV, visible region, neodymium laser (1.01 /urn) and microwave (2450 MHz) radiations. It is concluded that radiation of wave-lengths greater than 450 nm, upto 12 cm
studied, are not mutagenic and that with sufficient intensity of these radiations, only killing of cells is possible due to thermal effects.

APPLIED RESEARCH
VARIABLE ENERGY CYCLOTRON PROJECT (VEC)
The final assembly of all the systems of the Variable Energy Cyclotron at
Calcutta is nearing completion.
Main Magnet: After the preliminary measurements of the magnetic
field, both the epoxy-potted trim and valley coil assemblies were installed
in the main magnet gap. 3.3 lakhs of data points were also recorded on
magnetic tapes using an on-line NOVA computer. This data was further
processed on the BESM-6 computer at Trombay.
Radio-Frequency System: The resonator tank has now been placed at its
final location near the main magnet and connected to the dee-tank situated
in the main-magnet gap. The final assembly of the RF panels and dee,
dee-stem in the resonator tank is nearing completion. The RCA 6949
oscillator cabinet is ready for coupling to the resonator tank for low-power
RF tests.
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Vacuum System: The two 89 cm. diameter oil diffusion pumps and all
the pneumatically operated gate valves were installed below the resonator
tank in the pit below the cyclotron vault. The entire system consisting of
these two oil-diffusion pumps, two 1000 litre/sec. Roots blowers, two
135 litre/sec, and two 65 litre/sec, rotary pumps, with interlocks, and
controls from the main control console, is now ready for operation. Two
cryopanels were also fabricated and installed in the dee-chamber to
provide extra pumping of the outgassing from the epoxy-potted trim-valley
coil assemblies. In addition, a 30 cm diameter oil diffusion pump is also
being mounted directly on the dee tank.
Injection Extraction Systems: The ion-source was installed and its drive
mechanism for positioning is operational. The 120 KV electrostatic
deflector was reassembled at site and is ready for installation in the
dee chamber.
Control System and Services: Control wiring for the operation of all the
installed systems from the main control console was completed. Closedcircuit TV equipment for monitoring of performance at various points is
ready for installation. The LCW system is operational and tested for
continuous running over prolonged periods.
Beam Transport System: The steel core and all the ten pan-cakes of the
first switching magnet are ready. The fabrication of its aluminium vacuum
chamber is nearing completion. Machining of the steel core and winding
of the coils for the analysing magnet was started at the manufacturers'
works at Bombay, and at BHEL, Bhopal, respectively. Three quadrupole
magnets were fully fabricated and three more are under fabrication.
Data Processing: A number of fast modular electronic units were fabricated
for measuring and processing various data generated in the experimental
caves. Fabrication of the 90 cm scattering chamber is nearing completion.
Laboratories for fabrication of nuclear detectors, targets and printed-circuit
boards are being established at the VEC site. A liquid nitrogen plant is due
for installation in VEC Laboratory shortly.
Health Physics: Pre-operational environmental surveys were carried out.
Activation analysis was carried out for various samples of water and air.
All precautions for handling radioactivity that will be generated by cyclotron
operation have been taken.
Internal Beam Commissioning: Continuous operation for over a period
of two months has established the capabilities of all the accelerator systems
and major services to operate successfully on a round-the-clock basis.
The combined simultaneous operation of all the systems will now be taken
up and an internal beam of 80 MeV alphas is expected to circulate within
the dee-chamber soon.
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R-5 PROJECT
The detailed designs of the different systems and equipment are nearing
completion and preparation of construction/fabrication piping layout
drawings is underway.
The reactor building super-structure work upto ground floor elevation is
nearing completion and concreting of the perimeter wall above is in progress.
Physics experiments for the verification of the characteristics of shut-down
and safety systems and shielding requirements were conducted at Apsara
and ZERLINA reactors. A safety analysis was carried out to assess the
adequacy of the reactivity control mechanisms and safety systems for
anticipated operational occurrences and postulated accident conditions.
Fabrication of the reactor vessel is in progress in the Central Workshops
of the Centre. Shop drawings for the reactor coolant channel assembly were
prepared and manufacturing procedures for the same are being established.
Fabrication of other major reactor components such as the end shield,
the annular shield, reactor outlet header, deck plates, etc. is in progress.
Detailed system design of the coolant systems is nearing completion and
orders for the procurement of all major equipment such as heat exchangers,
pumps, valves etc. are being processed. Preparation of detailed co-ordinated
piping layout drawings is in progress. Model studies for the intake caisson
of the sea water system have been completed. Fabrication of heavy water/
process water and process water/sea water heat exchangers is in progress.
Development work on fuel assembly was continued. Four prototype,
clusters of different designs were fabricated at the Atomic Fuels Division and
tested under simulated flow and pressure conditions in an endurance test
rig. Sub-channel analysis was carried out for different designs of fuel subassemblies and maximum hot spot temperatures were determined to set
trip and alarm levels. The design of an 'on power' fuelling machine was
completed. Mock-up assemblies of the magazine for the fuelling machine
and the spent fuel buggy were fabricated and tested.
After the completion of the detailed design, prototypes of various detectors,
safety channel, multi-range unit, health instruments, radiation monitors,
etc. were fabricated and tested. A prototype shut-down mechanism and a
scale model of the emergency shut-down system were fabricated and
functional tests were carried out. Detailed design of the reactor regulating
system was completed.
Process instrumentation design vas continued and preliminary interlock
logic schemes for various sub-systems were worked out. Different schemes
were worked out for fuel channel flow and temperature monitoring.
Development work on the failed fuel detection system was continued.
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PLASMA PHYSICS
MHD Power Generation Project: The overall layout and location of the
laboratories for the MHD complex, to be set up at Tiruchirapalli, has been
finalised jointly with Bharat Heavy Electricals Limited. Details of the various
units and facilities of the complex are being worked out. Periodical joint
consultations are being held with Soviet scientists on the technical aspects
of the MHD programme. Several design variants of the MHD generator have
been completed and the mechanical design of the MHD generator and of
the magnet is in progress. The overall control system, involving a data
processing computer, is being evolved and various measurements and closed
loop controls have been identified. A 100 kW argon torch was put into
operation. Fabrication of an MHD duct is in progress. A 50 kW seeded
LPG oxygen system is being used for material evaluation studies involving
high temperature refractory materials.
Electron Beam Technology: Different models of electron guns have been
tested on a prototype 150 kV, 6 kW partial vacuum electron beam welder
and the final gun is being fabricated. Mechanical and vacuum systems are
ready while the power supply is in the final stage of fabrication. The welding
head for the 40 kV, 10 kW portable partial vacuum E. B. welder is under test.
The power supply has been completed and the complete system is being
assembled. This machine incorporates some special features. Unlike in
conventional welding, the electron gun is moved along the weld line while
the job is stationary and local vacuum created around the weld. The 6 kW
E. B. melting furnace, fabricated by M/s Indo Burmah Petroleum Company
with BARC knowhow, is ready. A melting furnace of 15 kW capacity with
ingot melting facility is being developed by IBP with BARC collaboration.
Relativistic Electron Beams: The high efficiency and large energy content
of pulsed electron beams have important applications in the fields of
radiation sources, high power laser development and fusion research. A
60 joule relativistic electron beam generator, to produce a 350 kV, 3500 A,
beam of 60 ns duration, is in the final stage of assembly. Requisite pulse
diagnostic equipments are also being developed. The generator will be used
for experimental study of beam interaction with neutral gases and for the
generation of intense bursts of X-rays. Experiments are also planned to
study beam focussing and transport using pulse magnetic fields and
absorption of beam energy in materials.
Energetics: An assembly of a 25 module, 750 kV Marx generator was
completed as a power source for the generation of relativistic electron
beams. The generator will deliver a 60 nano second pulse of 3.5 kiloamperes
when connected to an REB system with cold cathode. The design drawings
for the fabrication of Bitter magnet to produce pulsed magnetic fields in the
region of 5-10 kilogauss are being prepared. Series and parallel operation
of three 375 kilovolts, 3.5 kiloamperes generators will enable the generation
r* REB with parameters of 1.1 million volt, 3.5 kiloamperes, 60 nsecs and
375 kilovolts, 10 kiloamperes and 60 nsecs respectively. An equipment to
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generate a high dose-rate X-ray flash with parameters of 300 kilovolts,
1.5 kiloamperes, 100 nsecs and 108 Röntgens/sec, operating in a
pressurised nitrogen environment, was commissioned at the Terminal
Ballistics Research Laboratory, Chandigarh.
Plasma Technology: The know-how for 100 kW O. C. plasma cutting
torches has been transferred to a private sector firm for commercial
production. Spectrographic measurements of temperature profiles in radio
frequency plasmas have been carried out using the relative intensity method.
A radio frequency electrical conductivity probe developed in the Laboratory
has been tested with seeded argon and combustion flames. Current
distributions in an MHD generation under practical conditions of leakage of
insulating segments, inhomogeneous plasmas and presence of arc spots on
electrodes, have been numerically obtained.
LASER
Development work on neodymium glass and carbon-di-oxide high power
lasers and tunable dye lasers is being continued. Four stages of the ninestage assembly of the 100,000 megawatts pulsed Nd:glass laser system
was commissioned. At this stage, the completely automatic controlled laser
gives a pulse of 200 MW in a diffraction limited beam.
A two stage TEA (Transversely Excited Atmospheric Pressure) carbon-dioxide laser was developed and optimized to yield an energy of 1.5 Joules
at pulsed powers of 15 megawatts. A unique method has been developed to
replace helium, which is at present imported, in these systems. Nitrogen
lasers and nitrogen-laser-pumped dye lasers are being developed as tunable
lasers. By adding étalons in the laser cavity of the dye laser, its line-width
has been reduced to 0.03 Â.
Development work on light emitting diodes (LEDs) was continued. LSDs
and seven segment numeric displays have been made on gallium arsenidephosphide substrates. An experimental large bandwidth (50 MHz) optical
communication link, using a helium-neon laser and electro-optic modulator,
was established. This link was used to transmit TV pictures.
ELECTRONICS
The activities of the Electronics Division mainly comprise nuclear, reactor
and medical instrumentation, and radioactivity standardisation.
Nuclear Instrumentation: Special electronic instruments required for
complex nuclear experiments are being developed by the Division. An
8-bit micro-computer based on a micro-processor has been designed for
soft-ware development which can be coupled to a CRT terminal and
teletype. A pulsed opto-feed back pre-amplifier with charge restoration
and a spectroscopy amplifier have been developed for high resolution
spectrometry. A charged particle identifier system based on E, dE principle
has been developed. The surface instruments for pulse neutron logging
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have been fabricated for the investigation of oil and gas wells. Besides
these, a number of instruments and systems have been developed, including
a position sensitive detector system based on the rise-time technique,
an automatic alpha-counting system, a programmable timer, a fast-slow
coincidence unit, an autoranging log count-rate meter and a liquid
level gauge.
Several instruments required by the VEC, such as time-to-pulse height
converter, timing single channel analyser, drain-feed back pre-amplifier,
and area neutron monitors were supplied.
A 4K data acquisition system with 100 MHz ADC has been fabricated and
tested. A precision analog integrator with a linearity of 0.1 % and an advanced
version of Mössbauer spectrometer with an indigenous velocity transducer
have been developed. An air-borne multi-channel analyser is being
developed for uranium prospecting.
Reactor Instrumentation: Instruments required for the R-5 Project such as
an alpha-numeric CRT terminal, safety channel, multirange-channel, digital
radiation monitor, programmable ß-y- hand and foot monitor, gamma
monitor for coolant water, self-powered neutron detectors, ion chamber for
neutron flux and a wide-range gamma monitor have been developed. Linear
channel with autoranging and a portable tritium monitor are being developed.
A prototype with complete documentation of linear control channel,
log-linear safety channel and vernier power channel required by FBTR has
been given to ECIL for fabrication. A detector bias supply and a 20 MHz
automatic sealer-timer have been developed while a sodium liquid level
detector is under development.
Several CAMAC modules like a 16-channel multiplexer, a digital sequential
timer, programme storage and interfaces for X-Y plotter and Hindustan
Teleprinter have been developed.
A 512 channel data logging system has been developed for monitoring
and recording temperature, pressure, flow-rate, etc. in a nuclear power plant.
Medical Electronics: The fast medical scanner, developed earlier, was
subjected to intensive trials and its performance was found quite satisfactory.
The know-how of this equipment is being transferred to ECIL for large-scale
production. On each such instrument, the country saves foreign exchange
equivalent to $ 14,000.
The clinical trials at KEM Hospital, Bombay, on the signal processor for
EMG signals have confirmed the utility of the instrument for evaluating
neuromuscular disorders. An electro-cardiograph based on the ultra-sound
technique is under development.
Radioactivity Standards: The Radioactivity Standards Section is responsible
for establishing and maintaining the standards of radionuclides, neutron
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sources, neutron fluxes and gamma-exposure and providing calibration
services for sources and instruments. The results of International Intercomparison of ihe BARC standard of cerium-139 with 20 national laboratories
show an agreement within 0.2%. Comparison of the national standard of
cesium-137 with West Germany gave an agreement of 0.5%.
Foil activation, homogeneous ionisation chamber and neutron telescope
methods were developed for the measurement of 14 MeV neutron fluxes.
The neutron telescope is being developed for the absolute measurement of
fast neutron flux at other energies also. A betatron was developed for
calibration of instruments in the MeV region and the attenuation of radiation
in various materials is under study. A 4w neutron detector and a precision
long counter were set up and the various parameters determined for neutron
source calibration. Ionisation chambers and counters used in power reactors
were calibrated.
A potentiostat has been developed for electro-chemical studies. An on-line
mid-chord processor was installed in the track recording car of the Indian
Railways. The technical know-how for an automatic warning system was
transferred to the Ministry of Railways. A musical note analyser for
simultaneous analysis and display has been developed. A non-destructive
system for testing the surface and sub-surface defects in ferrous and
non-ferrous materials has been developed. High energy and short duration,
fast-rise flash tubes have been developed for lasers. Hollow cathode lamps,
pocket dosimeters and different types of G M tubes have been fabricated.
High voltage energy storage capacitors (0.5 juF/IOKV) and wet slug
tantalum capacitors were fabricated.
During the year, the Division fabricated 34 single units, 20 systems and
580 vacuum devices valued around Rs. 24.5 lakhs.

OPTOELECTRONICS
In the Opto-electronics Section, several hundred image converter tubes
were produced on pilot plant scale. Development work on several techniques
for producing the image intensifier tube, which is a device used in passive
night vision, is nearing completion. A cascade of three such image intensifiers
is expected to achieve the desired light amplification of the order of 50,000,
necessary to see even under overcast star-lit environment. The technical
know-how for the image intensifier production is proposed to be transferred
o Bharat Electronics Limited progressively, after pilot production has been
established. In the meantime, the technical know-how developed earlier
for the production of image converter tubes is being transferred to Bharat
Electronics Ltd.
Investigation of secondary emission properties of various materials, including
lead-glass used in the channel electron multipliers, was continued. A study
of back-scattering of low-energy electrons from various sources was also
carried out for a better understanding of the secondary electron emission
^
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phenomenon. The multi-alkali photo-cathode of the type Na2K Sb(Cs) has
been studied in a comprehensive manner so as to gain an insight into the
underlying physical phenomenon involved in this vital material which is
used in photo-electronic devices. Work on the development of vidicon
camera tubes for television and interference photo-cathodes of enhanced
sensitivity is also in progress. A plant for electrolyzing 'reactor seal plugs'
is being established. The development of ceramic to metal-sealing techniques
is continuing.
Two portable systems, a monocular, for use by individuals, particularly for
security and surveillance applications in the industrial complexes, railway
yards etc. and a binocular, for use by vehicle drivers, during night under
infra-red illumination, have been developed.

INSTRUMENTATION
The major R & D programmes of the Technical Physics Division cover
design and development of instrumentation and devices, prototype production and basic research with application potential and development of
new technologies and consultation, as a part of know-how transfer to
M/s Indo Burma Petroleum Co. Ltd., and ECIL.
Standardisation of mass spectrometers for low mass ratio measurements
has been planned to meet the large demand for them. A prototype machine
for H/D analysis is in operation with accuracy of better than 0.5% and a
machine for 6Li/7Li isotopes is in advance stage of testing. Helium leak
testing of pressure vessels, calandria systems, vacuum components such as
resonator tank, dee chamber, RF panels and dee plates of the VEC was
also undertaken.
A large-size coating plant (150 cm dia. x 180 cm length) for aluminising
the telescope mirror (700 kg wt) at the Indian Institute of Astrophysics,
Bangalore, is being commissioned. A number of sample mirrors have been
coated with aluminium, with excellera reflecting characteristics. The plant
will be shortly installed at the Kavalur Observatory at Bangalore. This is
the first of the large-size high-vacuum coating units designed and fabricated
indigenously.
A space simulation chamber (2.0 m dia. x 2.5 m long stainless steel
chamber with a copper thermal shroud) was fabricated for the ISSP,
Bangalore. Its pumping system has been installed and the cryogenic heat
exchangers are under fabrication for the first time in the country. Necessary
thermal and vacuum interlocks for operating the system in the temperature
range 170-420°K have also been provided. A prototype 200 cfm Roots
mechanical pump needed for large systems like coating plants, vacuum
furnaces, distillation and freeze-drying plants etc., was designed and
fabricated.
With the successful commissioning of a field ion microscope with channel
electron multiplier array, it is now possible to image difficult materials such
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as copper, iron, aluminium etc. for corrosion studies. The Auger electron
spectrometer built earlier is undergoing tests to optimise its resolution and
sensitivity. Ionisation cross-sections for the multiply charged states (upto
1 2 + ) of xenon and gold ions have been measured. A surface area meter
is in production for characterisation of particle sizes of powders. The
development and fabrication of NMR instrumentation, including high stability
electromagnets with power supplies, is in progress. Installation of a 600 kW
continuously variable DC power supply for the integral thermal facility of
the Reactor Engineering Division is in an advanced stage of commissioning,
for simulating heat transfer problems in reactors.
A large number of cryogenic components such as cryo-coolers, superinsulated transfer lines, control valves, cryopanels, and heat exchangers,
for the space simulation chamber and the cyclotron, have been designed
and are now being fabricated.
Having received acceptance by the users, batch production of PbS thin
film infra-red detectors has been planned. A new technique of growing
alkali halide crystals, upto 75 mm dia., has been developed by pulling a
controlling thermocouple through the melt. A few small size Nal(TI)
crystals were grown for operation in connection with the oil well-logging
experiments for the ONGC. Several,1 other crystals like ADP/KDP for nonlinear devices, CaF2 for selective ion membrane electrodes, Li F for optical
windows, Ge for Li-drifted detectors etc. are being grown routinely. The
know-how fo- a large number of items, including sodium iodide and other
scintillation ciystals. Hall-probe gaussmeters, proportional temperature
controllers, diffusion furnaces, surface barrier and SiLi detectors, electromagnets with power supplies for NMR instrumentation etc. have now been
transferred to EClLfor production.
In the Nuclear Physics Division, fabrication of a 2 MV terminal Tandem
Van de Graaff accelerator has reached an advanced stage. The supporting
column structure is ready and the chasing tests have achieved 500 kV in
open air. The pressure vessel is under construction and the negative ion
source has been fabricated and tested. All the components of the DUMAS
isotope separators are now ready, including the main deflecting magnet,
the charge size coils for the magnet, the main vacuum chamber, the heavy
duty ion source etc. The assembly has started and operation is expected
during 1977. The efficiency of utilisation of the 5 . 5 MeV accelerator has
improved considerably. A 100 keV ion implanter has been fabricated and
good yields of phosphorus and boron beams have been obtained.
Extensive work has been carried out on the development of thin film
scintillators (TFD) and their utilization in the study of the fission process.
The performance of radiation excited X-ray fluorescence Si(Li) system was
improved with the incorporation of a pulse opto-feed back pre-amplifier
system which gives satisfactory operation at high counting rates. A computer
code has been developed for the quantitative elemental analysis and the
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system is being routinely used for this purpose. The equipment for the
programme of proton excited X-ray fluorescence work was fabricated.
One hel'um liquifier (-PL He 212-) was installed in the Solid State Physics
Section of the Nuclear Physics Division. The unit can liquify pure helium
gas at the rate of 12 litres/hour. The installation has recovery and purifier
units to reprocess used helium for reliquification. The purifier unit will also
be used for processing helium gas from monazite sands as an indigenous
source of helium gas. One dilution refrigerator capable of producing
temperatures of the order of 50 mk has been assembled and will be used
for experiments in the ultra-low temperature region. A super-conducting
magnet designed for 40K Gauss was tested at 4.2°K for fields upto 25K
Gauss in a bore of 1.5 cm. A 20 mW He-Ne laser (A=6328A) was constructed in the Solid State Physics Section. The laser beam has been used
to excite Raman Spectra from solids and liquids. A back-scatter Mössbauer
spectro-meter for non-destructive metallurgical studies of bulk steel
samples was fabricated and experimental conditions for recording good
spectra were optimised.
In the Spectroscopy Division, a multiple reflection cell with a vacuum
system to transfer samples into it was fabricated and tested for the study
of infra-red spectra of low vapour pressure compounds and air pollutants
in parts per billion range.
A 50 cm quartz cell furnace (800°C) with external multiple reflection
mirrors was fabricated for the study of the spectra of molecules at high
temperatures.
The design and drawings for the various parts of an isotope analyser were
finalised. A flat infra-red source, with the whole surface emitting uniform
radiation, is being fabricated.
A portable hollow cathode system was fabricated to obtain the spectra
of rare earths in the uStra-violet region on the 10.66m. grating spectrograph.
For two-step photo-dissociation of molecular systems using CO, laser,
a spark source was fabricated. An ultra-violet nitrogen laser (3371 A ) has
also been fabricated and tested.
Two types of microfiche readers were designed and fabricated, entirely with
indigenous components. Wide band highly reflecting dielectric mirrors and
different wide band anti-reflection coatings for the visible region were
designed.
A new method for automatic designing of thin film filters was evolved
and successfully used in designing some edge filters for the visible region
for any angle of incidence. Employing the 12" vacuum coating unit, good
quality single and multi-layer thin film devices are being made. Metal
dielectric interference filters of 1 " aperture with 150Â half band width and
about 40% peak transmission, were fabricated. Such work in thin film optics
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carried out in the Division is of immense use in thin film studies and also in
fabricating special filters indigenously.
Several optical components were fabricated and tested for use in fields,
such as infra-red, flash photolysis, interferometry and lasers. These include
plane and concave mirrors, windows of glass and quartz, Brewester
windows, Fabry- Perot plates, prisms of different sizes, holographic
transmission gratings, grating blanks, beam splitters, Nd laser rods, spacers,
magnifiers and wedge plates.
Among the instruments designed and fabricated by the Analytical Chemistry
Divisonare: (i) A'cold vapour'mercury analyser, capable of determining
traces (nanogram levels) of mercury in a wide variety of gaseous, liquid
or solid samples. This instrument is being used by the Marine Products
Export Development Authority to ensure quality control over their export
consignment of marine products. The know-how for this equipment has been
offered to manufacturers, (ii) An 'on line' boron analyser for continuous
monitoring of 10B concentration in DaO moderator systems of power
reactors, based on decrease in neutron count as a function of boron
content of the sample, (iii) A special cell to reduce evaporation losses in a
continuous SO2 monitor, (iv) A differential capacity bridge for measurement
of double layer capacitance at the electrode-solution interface, (v) A highly
sensitive calorimeter capable of determining micro amount of heat generated
during radioactive disintegrations, (vi) A high temperature electromotive
cell useful in evaluating excess thermodynamic quantities associated with
the formation of binary alloy systems.
The Health Physics Division developed a number of special instruments
for its work. Four rem counters for neutron monitoring were fabricated,
tested and calibrated. An aerosol generation/inhalation system suitable for
use in lung scanning studies in hospitals was designed and fabricated and is
in routine use at the Radiation Medicine Centre. A portable sound level
meter was developed which can measure sound levels from 55 db 'A' to
145 db'A'. The frequency response characteristics of the 'A' weighting
network are within the tolerance values specified in the Indian Standard,
I.S: 3932-1966. An acoustic booth was designed and fabricated for
measurement of thresholds of hearing and evaluation of noise attenuation
characteristics of ear muffs. A venturimeter for calibrating high volume air
samplers was designed and fabricated.
Shadow shield whole-body radioactivity counters were fabricated and
installed at PREFRE, Tarapur, and ESL, Kalpakkam for routine use. The
shadow shield whole-body radioactivity monitors supplied to the Health
Physics Units of UCIL, Jaduguda and Plutonium Plant, Trombay, were
replaced by systems having more efficient shielding arrangement and
consequent improvement in detection sensitivity and also providing facility
for profile scanning.
A large area Csl(TI)/Nal(TI) phoswich detector, installed earlier in one of
the compartments of the 110 tonne steel room, was calibrated in vivo
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with the help of human volunteers inhaling poly-disperse aerosol of polystyrene tagged with a mixture of 103Pd and 51Cr. Two inter-comparison
experiments were organised in collaboration with AERE, Harwell and AEE,
Winfrith of the U.K. and IAEA, Vienna.
Thin Nal(TI) detectors of different thicknesses were evaluated for detection
of uranium in vivo. The reduction in background in the low energy region
of the spectrum, achievable by using graded-Z shield consisting of Pb, Cd
and Cu, and by truncation of the shield itself was investigated. Based on
these results, the design of a light-weight whole-body radioactivity counter
for the estimation of uranium in vivo was finalised. A Pu in wound monitor
was fabricated and supplied to the Fuel Reprocessing Laboratory of RRC.
Personal protective equipment such as respirators, air harnesses and plastic
suits were produced on a large scale by the Division.
The Radiation Medicine Centre designed a set-up consisting of a collimated
12S
I source and a collimated sodium iodide detector system to study the
differential absorption of gamma rays in normal and tumorous thyroid tissue.
Preliminary data indicate that it may be possible to differentiate between
benign and malignant thyroid lesions by this technique.
Among the equipment designed and fabricated in the Chemistry Division
are: A sophisticated equipment for preparing gallium phosphide by high
temperature, high pressure synthesis from its elements which was
designed in collaboration with the Electronics Division. An automatic
process analyser based on gas chromatography for the analysis
of volatile metal fluorides has been designed and is now being
fabricated. An improved version of the hemodialiser (artificial kidney)
which was developed and successfully tested earlier has now been
fabricated using indigenous membranes. It has been successfully tested
on animals.
RELIABILITY EVALUATION LABORATORY
The Reliability Evaluation Laboratory is engaged in studies in reliability
and related areas as applied to electronic and allied components, equipment
and systems.
During the year, the Laboratory evaluated a variety of electronic and allied
components and equipment such as active and passive electronic components, calculators, oscilloscopes, recorders, radiation monitors, indicating
alarm meters, process-timers, etc. Besides, a number of measuring instruments and components such as digital multimeters, decade boxes, standard
cells, vibration monitors were calibrated for various user organisations.
SEISMOLOGY
The Seismic Arrays at Gauribidanur have been in continuous operation
throughout the year. All the major underground nuclear explosions were
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detected and located. The micro-barograph arrays were also on round-theclock service and helped to provide prompt indication of atmospheric
nuclear tests over Lop Nor, including the thermonuclear explosion of
17th November, 1976, which was estimated to have a yield between 2 and
3 megatons of TNT.
By studying the temporal and spatial characteristics of seismic noise at the
array site, it was possible to reduce the threshold of signal detection
significantly. The digital data acquisition system provided high quality
seismic data for off-line analysis at Trombay, on the basis of which the
real-time processing logic at Gauribidanur was modified from time to time.
This led to improved detection probability and substantial reduction in
false alarm rate.
A wideband seismograph was installed at Gauribidanur to gain a better
insight into the structure of teleseismic sources. Capability was also
established to synthesize, with available computers, theoretical seismograms corresponding to various plausible models of source structure and
propagation path and thus deduce the source model which conforms best to
recorded seismograms.
Analysis of array data has helped to confirm the crustal structure at
Gauribidanur as well as to provide an indication of the Moho depth at
nuclear testing sites in the USA, the USSR and the Aleutian Islands.
The system development efforts have led to a high degree of self-reliance
with respect to seismic array instrumentation and processing facilities. The
experience in array technology is now being applied to the seismic investigation of rock-bursts in deep hard-rock mines. A Rs. 17 lakh project has been
undertaken for the Bharat Gold Mines Limited, Kolar, to locate the focii
of rock-bursts down to low levels, with a net-work of 6 seismographs
located at ground level so as to surround the mine workings susceptible to
strata failure and using computer-based iterative source location techniques.
Data recorded continuously on multi-track magnetic tapes is formatted for
analysis using a standard digital computer. Except for the recorders, the
entire system is being fabricated at Gauribidanur. Efforts have also been
directed towards developing systems for monitoring premonitory acoustic
emission from underground mine workings prior to strata failures.
RADIOISOTOPES
The Isotope Group was reconstituted during the year. It consists of the
following units: Isotope Division; Radiopharmaceuticals Section; Primary
Isotopes Section; and Radiation Technology and Industrial Applications
Section.
At the radiation sterilisation plant, ISOMED medical products of nearly
1.2 million litres in volume were sterilised during the year for 50 user
institutions.
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Ready-to-use sterile vasectomy. kits developed by ISOMEO are in such
great demand that efforts are being made to interest industry to take up
large-scale production of the kits. iSOMED has thus demonstrated how the
radiation sterilisation process can help surgery in camps and primary health
centres in far-flung areas in our country where facilities for sterilisation of
surgical equipment are not readily available. 50,000 vasectomy kits produced
by ISOMED on a trial basis were supplied to family planning departments
in several states.
One of the most significant achievements of the R & D effort has been the
development of a radioimmunoassay kit for the assay of Human Placental
Lactogen (HPL). This assay enables early detection of complications in
pregnancy.
The design and testing of 14 MeV neutron generator tubes for eventual use
in petroleum exploration has been undertaken in collaboration with the
Neutron Physics Section.
In the field of hydrology, a radiotracer method based on the use of gamma
emitting cobalt complexes was evolved for investigations on soil moisture
transport in the unsaturated zones. The technique is being tried under
actual field conditions.
A compact isotopic X-ray device using iodine-125 has been designed for
low energy radiography of teeth, bones, etc. Possibility of using other
indigenously available low energy sources in the place of the imported
iodine-125 source is under consideration.
The sulphur hexafiuoride detector, which was developed to obtain a leak
detection sensitivity of 1 cc. in 30 years, has been put to industrial use.
A large stainless steel valve made indigenously was successfully tested
using the SF„ tracer method. Also, its applicability under industrial conditions
was amply demonstrated in the detection of leaks in a hydrogen annealing
chamber.
A 100 per cent increase has been registered in the number of patients
benefiting from advanced diagnostic procedures using BARC radiopharmaceuticals. The number stands at 120,000 for the year under review.
Nearly 28,000 consignments of radiopharmaceuticals, including injections,
orals and kits for radioimmunoassay were supplied.
Ten teletherapy sources of cobalt-60, totalling an activity of 31,000 curies,
were supplied to cancer hospitals in the country.
Seventy-five radiography cameras were supplied to enable non-destructive
examination of vital metallurgical components.
The number of radioisotope users in the country rose to 765 from 650 last
year. The total value of equipment and radioisotopes sold and services
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rendered during the year was Rs. 75 lakhs as against Rs. 68 lakhs last year.
The export component of the sale was approximately Rs. 4 lakhs compared
to Rs. 2 lakhs the previous year.
METALLURGY
Significant progress was made during the year in metal extraction
programmes. The project proposal for the setting up of a Beryllium Metal
and Alloy Plant (Annual capacity : 10 tonnes of Cu-2% Be alloy and 250 kg
of hot-pressed Be metal) is being finalised. Production of boron carbide
and boral sheet for the R-5 Project, ductile titanium in the 1000 amp
fused salt electrolysis cell, kilogram quantities of niobium metal for n&
manufacture of Zr-Nb-Cu alloy garter springs for MAPP reactors, and
copper-clad Nb-Ti super-conducting wire, deserves special mention.
Processes have been developed for graphite-coating on zircaloy (for the
lubricated fuel programme), pyro- and hydro-metallurgical recovery of
nickel, copper and molybdenum values from the Jaduguda by-product
concentrates, calcio-thermic reduction and electron beam melting of hafnium
(required as control-rod material), and refining of titanium and zircaloy
scrap by fused salt electrolysis. Work has been continued on the recovery
of vanadium values from the aluminium industry by-product sludge, and
production of refractory alloys by carbide-oxide reaction.
Valuable information has been obtained from the research programmes on
physical and mechanical properties, structural and metal-physics aspects of
alloys of zirconium and titanium. Internal friction analysis has revealed the
occurrence of Zr-O, Zr-N and Zr-C complexes in zirconium; the hydrogen
embrittlement in zircaloy-4 is attributed to the y-hydride phase. The effects
of heat treatment on the mechanical properties of a number of binary
zirconium alloys and commercial titanium alloys have been studied to
correlate structure with strength, ductility and work-hardening characteristics.
The transmission electron microscope has been extensively used to study
the structural characteristics of PH 13-8 Mo stainless steel. Type 316
stainless steel, Zr-AI alloys, Zr-Cr alloys and Zircaloy-2. Phase transformation and micro-structural studies have also been conducted on two
special alloys, the shape memory alloy Ni-50% Ti and the super-conducting
alloy Nb-50%Ti. Studies on ion-implantation, and ion-induced and protoninduced radiation damage in lnconel-718 have been initiated. In the programme on the diffusion characteristics of zirconium-base and titaniumbase binary alloys, good progress has been made in computerisation
of all the diffusion data in order to yield the diffusion coefficients and
activation energies directly. With the scanning electron microscope and the
electron microprobe analyser, work has been carried out for several
organisations on failure analyses, powder characterisation, elemental
analysis of alloys and minerals etc.
Studies on the corrosion behaviour of zircaloy-2 as affected by the replacement of helium with nitrogen as the moderator cover-gas have shown that
nitrogen in water increases the corrosion rate. Studies on stress corrosion
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cracking of zircaloy fuel tubes in iodine atmosphere have indicated that the
annealed tubes are relatively more resistant. Monel tubes of the RAPS
boiler type have been found to be resistant to stress corrosion cracking in
high temperature water contaminated with lead. Galvanic corrosion, pitting
and crevice corrosion have been observed in carbon steels, stainless steels
and zirconium in salt waters. Electro-plating of Co-Mn alloys and copper
base and nickel base composites, electroforming of porous metal parts,
electrophoretic deposition of graphite and nickel oxide, and fused salt
electrolysis of rare earth chlorides to produce cobalt—rare earth alloys
for permanent magnets, are some of the achievements in the electrometallurgy programme.
The programmes in the Ceramics Section have been concerned with nuclear
ceramics like U O * ThO* BeO and B 4 C; high temperature refractories
like alumina, zirconia and magnesia, and electrical ceramics like barium
titanate, Ni-Zn ferrites and high alumina substrates. Processes are under
investigation for producing high density UO2 pellets with stable microstructures (which will minimise in-pile densification), high alumina bodies
using the AI 2 0 3 -Si0 2 -Mg0 system, sinterabie magnesium oxide for MHO
application, ZrO2 solid electrolyte for use as oxygen probe, and impervious
mullite bodies. Hysteresis studies on nickel-zinc-ferrite have indicated a
single domain behaviour in low permeability samples and super-paramagnetic behaviour in high permeability samples. Fine particle ferrites for use in
magnetic seals have been prepared and trials in vacuum systems employing
these seals have been successful. In order to develop high permeability
ceramic capacitors, attempts have been made to lower the Curie point of
BaTiO3 to near room temperature by the addition of BaZrO, and CaZrO,.
With 20 mole % addition of BaZrOg, a room temperature dielectric constant
of about 5000 has been achieved with dissipation factor of < 0.02.
The Ore Dressing Section of the Metallurgy Group developed a flow sheet
for the beneficiation of a multi-metal ore (from Deri, Rajasthan) analysing
5.6% Pb, 8.8% Zn and 0.8% Cu. Bulk sulphide flotation followed
by cleaning and differential flotation has yielded a lead concentrate analysing
77% Pb, with a recovery of 67% and zinc concentrate assaying 44.8% Zn,
with a recovery of 78%.
Investigations are in progress to beneficiate a fluorite ore from Rajasthan,
analysing 15% fluorite. Preliminary experiments using oleic acid, sodium
silicate and sodium carbonate have indicated that concentrates assaying
85% fluorite, with a recovery of 80%, can be obtained on direct flotation.
Experimental parameters have been determined to convert molybdenite
into MoO, by using Herreschoff-type multiple hearth furnace and fluidized
bed reactor. From the flue gases, rhenium is being recovered.
The R & D programme, which forms a considerable part of the activities of
the Section, includes mineralogical and petro-chemical investigation of the
uranium ores from Singhbhum Shear Zone, ore microscopic study of
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copper ores of Singhbhum Shear Zone, study of collector-regulator interaction
using "C-labelled compounds and development of electronic instrumentation for better control of the performance of ore dressing equipment.
The mineralogical, petro-chemical and ore microscopic studies of uranium
and copper-bearing ores of the Singhbhum Shear Zone, have thrown new
light on the mineralogy and genesis of these deposits. Detailed petrological and beneficiation studies on several phosphorite deposits in the
country, have opened up the possibility of exploitation of some of these low
grade ores and thus avoid dependence on imported phosphorites.
Adsorption studies on different mineral systems have indicated the role
played by xanthates and the metal-sulphur bond during flotation experiments.

RADIOMETALLURGY
The Radiometallurgy Expansion Project for the fabrication of FBTR fuel
pins is nearing completion. The civil, electrical and air-conditioning works
have been completed and the installation and commissioning of about 40
glove-boxes housing various process equipment are in progress. In this
context, a very rapid and fully automatic pellet inspection equipment, which,
in conjunction with an automatic weighing system and a TDC 312 computer
enables 100 per cent inspection of the fuel pellets with minimum radiation
exposure of personnel, has been developed. Some of the production items
like wire-wrap unit for fuel pins, and compact vibratory feeders for handling
the pellets at several locations were designed and fabricated.
An irradiated zircaloy-2 clad UO2-1.5 wt% PuO2 fuel pin was examined in
detail at the Radiometallurgy Hot Cell Facility, after it ruptured while being
irradiated in the Pressurised Water Loop at CIRUS. The post-irradiation
examinations included visual examination, dimensional measurements,
axial gross gamma scanning, the auto-radiography and metallographic
examination of the fuel pin. The cause of fuel pin failure was established.
The examination revealed that internal clad hydriding had been the primary
cause for fuel pin failure. Based on the findings of post-irradiation examination, requisite recommendations were made for improving the fuel pin
design. The Hot Cell Facility has also been equipped for post-irradiation
examination of fuel elements discharged from TAPS and RAPS.

SPECIAL MATERIALS
The Chemical Engineering Division continued production of nuclear-grade
uranium metal ingots for making fuei elements for CIRUS reactor.
Studies on the recovery of uranium from its ores were continued. A detailed
laboratory investigation was carried out on the use of weak base ionexchange resins for selective uranium adsorption from sulphate solution.
Laboratory studies were carried out on the application of solvent extraction
using Di-2-ethyI hexyl phosphoric acid for the separation, and medium to
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high purity concentration of rare earths, particularly samarium and gadolinium. Preliminary work on the preparation and utilisation of rare earths based
catalysts was undertaken and a laboratory-size catalytic reactor was set up
to study the oxidation of hydrocarbons. Trial runs were continued in the pilot
plant for the preparation of semi-conductor grade poly-crystalline silicon.
A number of trial runs were carried out in the pilot plant consisting of mixersettler assemblies for the recovery of uranium and preparation of nucleargrade thorium nitrate, from thorium-uranium concentrate obtained from
monazite processing. Preliminary process design and capital cost estimates
have been made for a 200 tonne capacity plant. Studies on the grinding of
calcium carbide in inert atmosphere are in progress. A number of trials were
carried out in the pilot plant set up at Alwaye for studying the feasibility of
helium recovery from monazite. An experimental unit was set up for the
purification of this gas.
Studies on the separation of isotopes of boron, carbon, nitrogen and
argon were continued. Production of nitric acid containing upto about 50%
15
N was carried out in the Nitrox Pilot Plant. From this acid, compounds
like urea, ammonium sulphate etc. were prepared and supplied to various
institutions. A thermal diffusion column was set up for the enrichment
of 14C in methane.
Preparation of deuterium labelled compounds and the scintillation chemicals
PPO (2:5 Diphenyloxazole) and POPOP (1:4—Di-2:5 phenylazazolylbenzene) was continued to meet the requirements of various institutions in
the country. Laboratory scale studies on the preparation of plastic scintillators are in progress.
A bigger fluorine cell using KF-HF as electrolyte was developed and studies
on purification of fluorine are in progress. Trial runs were continued with the
experimental set-up for the preparation of sulphur hexafiuoride. Further
studies on the purification of SF6 for use in accelerators and high voltage
equipment are being continued.
ENERGY RESEARCH STUDIES
Desalination
In the field of desalination, work on the project desalination experimental
facility at Trombay progressed on the following lines : Installation of all the
major equipment such as flash chamber, other heat exchangers, storage
vessels and steam ejector was completed. Erection of the steam line, the sea
water intake line and other process lines was completed. Installation of the
instrumentation systems has been progressing in co-ordination with the
erection of process equipment and lines. Erection of the plant is now nearly
complete and commissioning runs are in progress.
Work is in progress for the 30 tonne/day ship-borne desalination plant,
the fabrication of which will be taken up shortly. Design and development
44

woik pertaining to ship-borne plants was initiated. A one tonne/day pilot
desalination plant was designed, fabricated and installed and successfully
operated for feasibility demonstrations to prospective users of such units.
An MSF experimental module of 225 M3/day capacity was designed.
Action is underway in respect of procurement and fabrication. A module of
the same capacity (225 M3/day) based on the Vertical Tube Evaporation
Process is also being designed.
The 10 M3/day unit of the proposed 50 M3/day reverse osmosis pilot
plant based on tubular module was installed and tested. Further long-run
tests are underway.
In the desalination research laboratory/ further chemical control studies
relating to scaling and corrosion were completed.
Efforts are on for transfer of the know-how to outside organisations and
commercial establishments in the field of desalination. Consultancy services
were rendered in respect of a land-based plant (5 tonne/hr.), and, a shipborne plant
A 1 M3/day R. 0. unit with tubular membranes packed in a shell was
designed and fabricated. Fabrication and testing of a 1000 litres/day shell
and rod module was completed. Fabrication of tubular block module
was also completed. Improved membranes and support systems were
developed for sea water conversion and tubular porous plastic materials were
developed for R. O. desalination.
Electrothermal Phosphorus
Erection cf the phosphorus plant was completed except for a few minor
jobs. Commissioning of the plant was initiated and trial runs will be started
shortly.
Development of equipment and materials for commercial size plants is in
progress. Transfer of phosphorus technology for the manufacture of various
chemicals and fertilizers is under study and negotiations with interested
parties are in progress.
The existing and projected demands for carbon block refactories have been
estimated for the commercial size plant to be put up on the basis of indigeneously developed process know-how. Carbon bricks fcr the lining of
various chemical equipment have also been developed.
Electrolytic Hydrogen
Operation of the 300 litres/hour capacity hydrogen pilot plant was continued
under various operating conditions. An improved module design and
diaphragm gasket system was incorporated in the plant. A larger capacity
pilot plant (28.3 N M'/hr) has been designed; materials procurement
and fabrication for this unit are in the final stages.
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In the field of fuel cells, a light weight oxy-hydrogen fuel cell assembly
of lucite was designed, fabricated and operated.
Work is underway for preparing fine nickel powder for electrode preparation
and laboratory studies have been carried out for the preparation of nickel
acetyl acetonate and its subsequent decomposition to fine nickel powder.
Solar Energy
A solar concentrator based on water lens principle was designed, fabricated
and operated for water heating and steam generation. Also under investigation are electrodeposited thin black metal coatings for solar energy absorption and photo-chemical cleavage of water for hydrogen production.
SPECTROSCOPY
The Spectroscopy Division has facilities to obtain, study and interpret the
spectra of atoms and molecules in the free and condensed states from the
X-ray to the infra-red region of the electromagnetic spectrum. A chemical
laboratory, and electronics, optics and glass shops form the ancilliary
facilities.
The X-ray fluorescence unit, the infra-red spectrophotometer, the bent
crystal X-ray spectrometer, the laser Raman spectrometer, the Fabry-Perot
interferometer, the flash photolysis unit and a 10.66 m. grating spectrograph
are some of the highly sophisticated equipment available in the Division.
The Division has been analysing a number of special materials that are
needed for electronics, reactor and semi-conductor technology. During the
year, about 2000 samples have been analysed involving 10,800 determinations, employing the spectrochemical. X-ray fluorescence, gas Chromatographie, infra-red and interferometric techniques. The majority of the samples
were of uranium, uranium oxide, thorium and rare earths from the Uranium
Metal Plant and the Atomic Fuels Division ; metals and alloys from Metallurgy
Division and the PPED, and rare earths and pure materials from the Chemical
Engineering and Chemistry Divisions.
Employing the X-ray excited optical luminescence technique, quick methods
for the determination of rare earths without chemical separation are being
worked out for U, Th and CaF2.
X-ray fluorescence methods were developed for the analysis of rare earths
and common impurities in CeC2O4, Ho^s, Nb3O5, NdjCv Ndj(CjO<)3
and stainless steel. XRF technique was quite useful in analysing samples of
crude material formed due to corrosion in the reactor from boiler drums of
RAPP. The effect of a number of experimental parameters on the XRF determination of Hf in zirconia was studied.
Preliminary work on the analysis of SFS by the infra-red technique was
completed. Many impurities such as SiF4, SOF2, SO2F2, SF4, CF4 and
SjF10 can be detected below 100 ppm by this technique.
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CHEMISTRY
In the field of applied research, the Chemistry Division has been currently
engaged in problems relating to the radiation-induced chemical reactions of
practical importance, the preparation and characterisation of special
materials required for the M HD programme and for semi-conductor technology. In the radiation polymerisation studies, y-ray induced polymerisation
of 4-vinyl pyridene, vinylidene chloride and phenyl acrylate were studied.
Emulsion polymerisation of vinylidene chloride gave very high yields of the
polymer of ~ 80,000 molecular weight, which promises to be of industrial
importance. Radiation-induced chemical changes in dilute aqueous solution
of common pesticides showed almost complete decomposition of the
material when irradiated to a y-dose of 2 Mrads.
A batch process on a laboratory scale was developed for the preparation of
fully stabilised active zirconia powders having enhanced sintering characteristics, required for MHD experiments.
In India, the major source of gallium, which is important in semi-conductor
technology, is the Bayer's liquor from the aluminium industry. A precipitationcum-electrochemical method for its recovery from Bayer's liquor is being
studied to maximise the recovery of the metal on a large scale.
During the year about 65 kg of 20 different high purity materials were
prepared to meet the requirements of various users in the Department.
Compositional and structural analysis of about 600 different materials were
carried out using various physico-chemical instrumental methods at the
request of users.
The production of scintillation grade Nal was transferred to Special Materials
Plant, Hyderabad. Technical assistance was continued to the Plant for
solving other production problems. Assistance was continued for solving
water treatment problems of various fertiliser units.

RADIOCHEMISTRY
The Research and Development work of the Radiochemistry Division has
been concentrated on programmes relevant to the nuclear fuel cycle such as
prospecting for uranium, preparation of fuel materials, chemical quality
control of plutonium-bearing fuels, process chemistry of irradiated fuel,
and post-irradiation studies.
A notable achievement is the development of a novel technique for uranium
prospecting, called "BARC-TEFUREX", which evolved out of the basic
research work done earlier in the Division on the tracks of charged particles
in plastics. This technique has been fruitfully exploited, in collaboration with
the Atomic Minerals Division, for outlining some uranium mineralization
zones. In collaboration with the Biomédical Group, the feasibility of using
alpha particle sensitive plastic films for monitoring the air-borne alpha
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radioactivity levels in the monazite belt of Kerala has been successfully
demonstrated. In connection with the development of methods to obtain
reactor-grade fuel materials, sol-gel process has been developed for
laboratory-scale production of high quality microspheres of ThO2.
In continuation of the work on chemical quality control of plutoniumbearing fuel materials, the new analytical methods standardised are: a
conductivity method to determine the total carbon content in (U, Pu)C with
a precision of 3% for 0.5 to 1 mg of carbon ; an amperometric method for
the determination of 3-5 mg of Pu with a precision of 0.2%; an emission
spectrographic method for the determination of rare earths in UOj, PuO*
and (U, Pu)02 after their chemical separation. An atomic absorption method
using carbon rod atomizer has been developed for the direct determination
of Cd in uranium in the 0.1-5 ppm range using 100 fig sample. A systematic study on the variation of O/M ratio of a large number of (U,Pu)O2
samples has shown that the O/M value critically depends on the storage
conditions. Studies on rates of oxidation of (U, Pu) O2_x to (U, Pu) O2.OT
have shown that the kinetics of oxidation is dependent on O/M but
independent of plutonium concentration.
An on-line computer system based on TDC-312 has been set up for the
acquisition and processing of data from the mass spectrometer and the
required software has been developed in collaboration with ECIL. As a
part of the programme for post-irradiation studies, samples of spent fuel
pins from TAPS were dissolved in the hot cells of the Radiochemistry
Division and burn-up measurements were carried out by mass spectrometry.
A mass spectrometric method was developed for the determination of total
boron and boron-10 isotopic content at ppm levels in heavy water moderator
and a number of measurements were carried out on samples from RAPS.
The mass spectrometric measurements of the concentration and ifotopic
composition of U, Pu and Gd in TAPS coolant water at levels ranging from
parts per billion to parts per trillion and the radiochemical measurements
on the fission products such as 1MCs and I37Cs were carried out. These
data have indicated the possibility of identifying failed fuel-assembly in the
reactor.
The Division continued to render extensive radiochemical services such as
analysis of UOa-PuO2 fuels for U, Pu and non-metallic impurities by
chemical methods, the O/M ratio by thermo-gravimetry, the metallic
impurities by spectrographic techniques, fabrication of special sources of
M8
Pu and 211Am, preparation of electroplated actinide sources and mass
spectrometric measurements, to various Divisions of the Centre and other
organisations.

ANALYTICAL CHEMISTRY
In all, work on 2300 samples, involving about 7000 separate estimations,
was completed during the year. The expertise gained over the years has
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proved invaluable in the solution of a number of important analytical
problems which, inter alia, include the following:
(i) Neutron activation analysis of mercury at 1 ppb level in wheat and pea
seeds exposed to a mercury containing preservative (PARAD tablets) as a
part of a testing programme sponsored by the Indian C>.-ncil of Agricultural
Research, (ii) Estimation of arsenic levai in normal human palate and
in smokers of chutta (reverse smoking) with and without palatal cancer,
(iii) Instrumental neutron activation analysis of meteorite samples from
Bruderheim, Udaipur, and Dhajala (for 18 trace elements) and intercomparison samples of fresh water W-3 (10 elements), animal muscle
H-4 (15 elements), air-3 filter (10 elements), as a part of co-ordinated
research contract programme in nuclear-based methods of trace analysis
sponsored by IAEA, (iv) Analysis of effluent water at ECIL, Hyderabad,
for trace elements at nanogram level by pre-concentration and atomic
absorption spectrophotometric measurements.
(v) Determination of
cadmium and lead in environmental particulate matter by anodic stripping
voltametry. (vi) Gas Chromatographie analysis of traces of halogenated
hydrocarbons and anaesthetic gases/vapours in operation theatres in the
city hospitals as part of iAEA research project 1695/RB. (vii) Uranium
estimation in about 3000 core and soil samples by delayed fission neutron
counting technique. This work was carried out in collaboration with the
Atomic Minerals Division to identify and demarcate uranium deposits in
Sonrai, Uttar Pradesh.
With a view to widen the capabilities of the Division, the following
development work was successfully carried out: (i) A new approach
using triple coincidence technique to enhance the specificity in the
measurement of annihilation radiation in activation analysis was developed.
This method applied to the determination of copper in a biological sample
has yielded satisfactory results, (ii) A rapid method for the determination
of copper, zinc and lead over a wide concentration range (0.2% - 70%)
in base metal ore concentrates by atomic absorption spectrophotometry.
This was to aid the beneficiation programme 'Dery ore' of the Ore Dressing
Section, (iii) A highly sensitive and selective spectrophotometric method
for the estimation of beryllium in air samples, (iv) Particle size determination of tantalum metal powders by sedimentation in water glycerol
medium was standardised, (v) Activation analysis of strontium and
barium in geological samples, (vi) Determination of total hydrogen,
both as hydride and hydroxide, in lithium hydride, (vii) isolation of nonvolatile impurities in reactor-grade sodium metal by a vacuum distillation
process.
BIOLOGY AND AGRICULTURE
Trombay groundnut strains (T6) again showed superior yields in Gujarat
and Saurashtra where they were grown by local cultivators for seed multiplication. The Indian Oil and Produce Exporters Association (IOPEA) has
sponsored an extensive seed multiplication programme for these groundnut
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cultivators. The seed multiplication and distribution programme is being
managed by the Vanaspati Manufacturers' Association of India. The
performance of the TG strains was also extremely good at the cultivators'
fields in Maharashtra and in other states where they were tested.
Trombay rice cultures were tested at Vadgaon in Maharashtra by the
Mahatma Phule Krishi Vidyapeeth. TR-18 and 17 yielded respectively 7002
and 6676 Kg/ha which were significantly higher yields than 4810 Kg/ha
of the variety, Sona. These and other cultures were also tested in the fields
of several progressive farmers in Maharashtra and the results are encouraging.
Early flowering strains of Tur (TT) with bold seeds and compact plant
type were found to be superior to the check variety T-21 at two other locations, besides Trombay. Five cultures are being tested at 15 locations under
the All India Co-ordinated Pulse Improvement Project. At several locations,
TT-2 and TT- 6 have maintained their property of early flowering.
Globulins from Tur which constitute the bulk of storage protein in the
grains, were isolated, fractionated and partially characterized. One of the
globulin fractions showed a very high amount of sulphur-containing amino
acids which are the limiting amino acids in legumes from the nutritional
point of view.
In mung, growth stimulation by low doses of ionizing radiation could be
obtained only under sub-optimal fertilizer levels. Flowering of Isabgole
ten to twelve days earlier was observed on neutron exposure of seeds
with no adverse effect on the yield.
Heterocysts, the nitrogen-fixing cells of blue-green algae, lack functional
photosystem II of photosynthesis. In contrast to photosynthesizing cells,
they consume oxygen.
Sodium appears to be an essential requirement for nitrogen fixation:
application of sodium tripled the nitrogenase activity in the blue-green alga
Anabaena torufosa.
' Sporulating blue-green algae survive unfavourable field conditions and are
better agents for biological nitrogen fixation. A fraction rich in sporulating
factor has been isolated from culture filtrates of A. torulosa. Addition of
this factor induces early and enhanced sporulation.
Several algicides were screened for control of algal fouling of the cooling
water system of the Baroda Heavy Water Project. Acinol was found
to be most effective.
Gamma radiation doses of 30 and 25 Krad induced near-complete sterility
in adult male and female spotted boll worm respectively without any
debilitating effects. However, their mating competitiveness was found
reduced with aging.; •.--•50

Ether extract of flowers of Xanthium strumarium showed anti-feedant
activity with spotted boll worm larvae.
Crystalliferous bacteria isolated in the laboratory gave good protection
against the infestation of spotted boll worm, castor semilooper and potato
tuber worm.
Endotoxin of Bacillus thuringiensis showed cytotoxic effects on fibrosarcoma of Swiss mice at 40 mg/Kg dose, but it had no effect on AKR
leukemic mice.
Petroleum ether extract of the fresh water weed, Ceratophyllum, adversely
affected normal adult emergence in mosquitoes and red cotton bug.
The radionuclides of manganese, cobalt, iron and zinc are among the
principal neutron-induced activation products likely to be released into the
environment during controlled discharges from nuclear installations. The
mobility of these elements in typical profiles of two major Indian soil types,
namely, latérites and black loam, was found to be negligible when leached
with rain water or moderately high sodium and calcium irrigation waters.
Flooding of plots resulted in a marked increase in the accumulation of
manganese, cobalt and zinc by rice grown in latérite and black loams.
However, iron accumulation by rice was considerably lower under the
flooded regime in both soil types.
Chemical characterization of radionuclides of manganese, cobalt, iron and
zinc accumulated in edible tissues (pods) of bean plants through root
absorption has shown that nearly all of manganese was present as ionic
forms. Cobalt and zinc were associated predominantly with lipids and free
amino acids and to a lesser extent, as ionic forms.
Studies have been undertaken on the isolation and identification of reaction
products of monoammonium orthophosphate (MAP) and diammonium
orthophosphate (DAP) fertilizers in representative red, lateritie, coastal
alluvial, alluvial and black soils of India. Three reaction products, namely,
ammonium taranakite, potassium taranakite and brushite were identified
with MAP in different soils. A trace amount of iron was noticed in all
reaction products. With DAP, calcium diammonium phosphate monohydrate
(dimorph. B), calcium ferric phosphate octahydrate and dimagnesium
phosphate trihydrate were identified.
BIO-ORGANIC RESEARCH
Investigations on the isolation and characterisation of natural products
with potential pharmacological properties were continued by the BioOrganic Division. Studies on insect hormones and pheromones for the
control of crop pests and stored grain insect pests are also underway.
Plant tissue culture technique to obtain multiple plantleîs in large numbers
is being adopted and tried in a number of economic plants;
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From the medicinal plant. Cassia spectabilis, new alkaloids were isolated
and their structures are being established. Biological activity of these
alkaloids is also being assayed. The purified total alkaloid extract of T.
asthmatics has been found to possess anti-anaphylactic activity, mild
anti-histaminic and anticholinergic activity. Therefore, the clinical benefits
obtained by treatment with T. asthmatica leaves may be attributed to the
alkaloid content in the leaves. The pharmacological activity of individual
alkaloids is being studied.
Various methods are being applied to improve the yield of synthetic garlic
oil. Its volatility was studied. The oil has low residual activity and is
ideally suited for the control of pests of stored grains and other edible
products. Synthetic garlic oil was supplied to various institutions on a largescale for evaluation of its insecticidal action against some crop pests.
Field trials carried out by the Indian Institute of Horticultural Research
against some horticultural pests, have revealed the effectiveness of garlic
oil in the control of mealy bug, a serious pest of the mango crop.
Multiple plantlets in large numbers have been obtained in lateral bud and
hypocotyl cultures of pineapple, sandalwood and capsicum respectively,
thereby suggesting that the technique of tissue and organ culture could be
an effective alternative to rapid clonal multiplication of selected plants with
desirable characters.
Investigations on insect hormones and pheromones for the control of
crop and stored grain insect pests are being carried out. Treatment of
female red cotton bug with low doses of Altosid and Law-William compound
induced sterility. Mating of hormone treated males with normal females
also resulted in the production of non-viable eggs.
Aitozar when mixed in the food was effective in inhibiting the development
of larvae and young pupae of khapra beetle. The compound retained its
biological activity for over six months and protected the food from reinfestation. Introduction of JHA impregnated chalk tablets or filter paper strips
into the insect-infested food also produced similar results. This method
protects the stored grains with minimal hazard of residual contamination.
Male and female rice moth, Corcyra cephalonica, Stainton, releases sexpheromone that elicits specific response from the opposite sex. Sexual
receptivity of both the sexes was found to b& influenced by age, mating
status and photoperiod.
A convenient synthesis of prostagland in synthons, namely, 2-(6'-carbomethoxyhexyl) cyclopentane-1,3,4-trione and 2-(6'-carbomethoxyhexyl)
cyclopent-2-ene-1-one was carried out Two heterocyclic steroids, viz.
A-thiophenoestrone and B-nor-6-aza-12-thia-3-methoxy-estra-1,3,5 (10),
8-tetraene-12-dioxide-17-ol was synthesised for evaluating as antifertility compounds.
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Micro-analytical and spectral analysis of a large number of samples from
the Centre and other institutions in the country were carried out.
RADIATION PRESERVATION OF FOODS
During the year, the Biochemistry & Food Technology Division continued
its work on the radiation preservation of food. Processes were developed
for the radiation preservation of potatoes, onions, fish, meat and fruits.
Related studies on process development and evaluation, including microbial,
enzymatic and flavour analyses, are reported.
'Time-Temperature-Tolerance' studies were carried out on fresh and
radurized mackerels (100 Krad). It was observed that irradiated mackerels
stored at 0-5 °C were acceptable for 17-23 days as compared to 6-9
days for unirradiated controls.
Consignments of iced fresh water fish (Labeo rohita) received from
Jadavpur University, Calcutta, were exposed to gamma irradiation doses of
100 and 200 Krad and despatched back to Calcutta in ice. Control samples
stored at 0-2 °C, were organoleptically unacceptable by 12th day. in contrast,
irradiated samples (100 Krad-200 Krad) were acceptable for 20-24 days.
Fresh and blanched (80°C—5 min) shrimp subjected to radiation doses
ranging from 0.1 — 1.0 Mrad exhibited no significant differences in the
force required to shear muscle when compared to the unirradiated controls
as determined by the 'Instron' technique. Carotenoid index values of
unblanched and blanched shells and meat of shrimps were similar. However,
it was observed that peeling, deveining, washing and irradiation decreased
the carotenoid content of shrimps.
Microflora of unirradiated mackerel consists mainly of 60% Micrococcus sp.
and 10% each of Flavobacterium and Pseudomonas species. Radurization of fish resulted in 70% Mferococci. Several Micrococcus species
examined for radiation sensitivity exhibited D10 values ranging from
40-400 Krad.
It was found that deskinning of fish enhanced the storage period of fish
fillets by a week. Cathepsin D levels could serve as an index of freshness
for stored fish products. It has been purified 10-fold from the skin and
muscle of Tilapia mosambica. Another spoilage enzyme. /î-glucuronidase of Bombay duck muscle was purified 500-fold and characterized.
The fish muscle itself contained a dialyzable inhibitor of the enzyme. The
enzyme was also inhibited by heavy mstal ions and 1-4 glucarolactone.
Inoculating irradiated (20 Krad) and unirradiated wheat samples with
Aspergillus f/avus, followed by storage under varying humidity conditions
ranging from 17 —100%, did not result in any appreciable differences in the
levels of aflatoxin produced. Irradiation (10 Krad) did not interfere with the
levels of a phenolic compound present in fresh potatoes which was found to
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be inhibitory to the growth of af latoxin producing strains of A. flavus and
A' parasiticus.
Six commercial varieties of irradiated potatoes could be stored at 15°C
beyond six months. Erwinia carotovora vat., atroseptica has been identified
as the predominant pathogen causing soft rot in different varieties of potatoes
stored at 15° and 30°C. Irradiation of potatoes at sprout inhibiting dose
levels delays the formation of chlorophyll and sonaline during storage at
low temperatures.
Onion oil was obtained by steam distillation of the chopped bulbs. At
a level of 200 ppm, these volatiles and the isolated lachrymatory components
were able to effectively inhibit the growth of Proteus vulgaris. Salmonella
lyphimurium and Bacillus cereus BIS-59.
Freeze-dried mango flakes retained more volatile flavour components,
carotenoids and ascorbic acid than osmotically dried samples. Both products
were acceptable after 6 months of storage at ambient temperature. The
essential oil of the latex of two varieties of raw mango e.g.. Alphonso and
Batali was obtained by high vacuum distillation. The major components
representing the characteristic green mango aroma was isolated and identified
as cis-ocimene and /J-myrcene. The pectin isolated from ripe Alphonso
mango peel waste was found to possess jellying properties comparable to
the imported apple pectin currently used in India's food industry. A largescale mango pulper heat exchanger and storage in high density polyethylene
containers have been designed and successfully tested.
Based on the characterisation of carotenoids as separated by TLC on silica
gel, a rapid method has been developed to detect the adulteration of
tomato products by cheaper substitutes like red pumpkin.
Safety Evaluation of Radiation Processed Foods & Toxichy Studies
The programmes on wholesomeness of irradiated foods and safety evaluation
of food additives and other chemicals have been actively pursued.
For wholesomeness studies of radurized mackerels, totally 2465 kgs
fresh-dressed mackerels were processed for obtaining a dried fish meal.
In the feeding trials with irradiated (150 Krad) mackerel diet, no differences
in body-weight gain, food and water intake were observed during an
8 weeks study, between the experimental and control groups. The food
efficiency of the mackerel diet was better than that of the laboratory stock
diet. Liver acid phosphatase activity and serum levels of alkaline phosphatase
and glutamate-oxalacetate transminase were unaffected.
Data on nitrogen retention in relation to growth rate in normal rats maintained
on the laboratory stock diet, has been obtained to assess the extent of
individual and day-to-day variations. The findings are being statistically
evaluated at the Maharashtra Association for Cultivation of Science, at
whose request the collaborative effort was undertaken.
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Evidence has been obtained for the metabolism of lindane to hexachlorobenzene, pentachiorophenol and trichlorophenol, suggesting dechlorination, dehydrogenation and hydroxylation of the pesticide molecule. Rat
liver has been shown to be capable of enzymatic break-down of the ring
moiety of lindane, indicating a novel detoxification pathway. The prior
administration of polychlorinated biphenyls enhances these pathways of
lindane metabolism, indicating possible microsomal involvement. In in
vitro studies, lindane uncoupled oxidative phosphorylation, stimulated the
state 4 respiration, consequently decreasing the respiratory control index
and inhibited the basal as well as uncoupler-stimulated ATPase activity.
Using the in vitro microbial test system and the host-mediated assay,
the food additives sodium nitrite and sodium metabisulfite showed a significant mutagenic response. Sub-acute feeding of ethyl alcohol upto 30% in
drinking water (a) failed to induce an increase in dominant lethals in male
rats, (b) did not influence the dominant lethality due to either X-irradiation
or ethylmethane sulfonate and (c) was also negative as assessed by the
micro-nucleus test for mutagenicity. Ascorbic acid, fed at 5 and 10%
levels in the diet for 2 weeks, gave a negative response in the dominant
lethal test. Assessed by the micronucleus test, maleic hydrazide was
negative whereas hycanthone, the antischistosomal drug, was positive.
Comparing the responses of different test systems to mutagens, the incidence
of micronuclei in the polychromatic erythrocytes showed a dose-dependent
response only upto 100 rads of whole-body X-irradiation, while postimplantation losses in the dominant lethal test showed a progressive increase
upto 600 rads.
Contrary to a published report of very low or zero values for the frequency
of polyploid cells in bone marrow of Wistar rats, a normal frequency of
0.194 has been observed, after examining approximately 20,000 dividing
cells per animal. There were also no marked variations in the value with the
age of the animal.

RADIATION MEDICINE
The Radiation Medicine Centre (RMC) continues to be the Regional
Reference Centre of the World Health Organization in collaboration with
the International Atomic Energy Agency in Nuclear Medicine for South
East Asia. The Centre's educational programme includes training of students
registered for Diploma in Radiation Medicine (DRM) and Diploma in
Medical Radioisotopes Techniques (DMRIT) of the University of Bombay.
Scintigraphy: The largest number of patients referred were for organimaging which included imaging of liver, thyroid, brain, bones, kidneys,
pancreas and lungs, 1284 patients were referred for liver scans closely
followed by thyroid (1216 patients), brain (687 patients) and bone scans
(68 patients). These imaging studies help in the detection of focal space
occupying lesions.
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Dynamic studies: Wherever indicated, in addition to static scans, dynamic
studies were done with the help of the 16K memory on-line computer
coupled to the scintillation camera.
Cerebral radioisotopic angiographie studies were helpful in differentiating
between tumours and cerebral infarcts in 70 patients.
A technique for performing cardiac dynamic studies on the gamma camera
computer system has been developed which will help in diagnosing and
assessing congenital heart defects. So far, more than 100 patients have
been studied. Similar dynamic studies have proved to be helpful in the
demonstration of partial or complete occlusion of the Inferior vena cava
in more than 150 patients.
A technique to determine the rate of emptying of unabsorbable ""Tc-phytate from the stomach by using a gamma camera has been developed.
It is proposed to study the effect of different types of diets on gastric
emptying.
With the availability of short half-life metastable radionuclides like 113mln
and " m Tc, the benefit of nuclear medicine procedures could be extended
to paediatric patients as the radiation dose delivered by such preparations is
negligible. About 500 children were investigated during the year.
The ratio of 8*Br-sodium bromide in the cerebro-spinai fluid to blood
24 hours after administration of MBr has proved useful in differentiating
between T.B. meningitis and other types of meningitis.
Radiopharmaceuticals: Most of the radiopharmaceuticals for organimaging are labelled with short half-life radionuclides like " m Tc and
lt3m
ln. Ready to use kits for radiopharmaceuticals like pyrophosphate,
sodium phytate, sulphur colloid, gluco-heptonate, pyridoxylidene glutamate
and LI DA have been developed and are being employed for bone, liver and
kidney inmging.
Efforts were continued to find a suitable "mTc-labelled hepatobiliary
agent. Extensive studies on mice, rats and rabbits suggest that " T c labelled LI DA may be suitable for clinical work.
A new H3mln-labelled radiopharmaceutical (IUmln-EDTMP) was
prepared and tried at the Centre. Animal studies showed more than 50%
accumulation of radioactivity in the bones. n3mln-labelled phenolphthalein
has been developed as a hepatobiliary imaging agent.
Haematology: Investigation of refractory anaemias with nCr-labelled red
cells and 6*Fe kinetic studies were continued. Techniques for labelling
erythrocytes, lymphocytes, eosinophils and platelets with " T e using
8-hydroxy-quinoline were established. The labelling is firm and the labelling
yield is high. ""To-labelled leucocytes will be useful for abscess scanning,
myocardial imaging and for kinetic studies.
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Immunological Studies: Cell-mediated immunity in patients of tropical
eosinophilia was studied to establish the cause of this disease. These
studies indicate that tropical eosinophilia is probably related to filarial
infection.
The role of cell-mediated immunity and humoral immunity in the causation
of different thyroid diseases like thyroid cancer, hyperthyroidism and
thyroditis is being studied. Sophisticated techniques to study in-vitro
blastogenesis, migration inhibition factor and electrophoretic mobility of
peripheral lymphocytes have been developed.
Thyroid: Since the high prevalence of goitres in many parts of India is one
of the major public health problems and relatively little is known about the
etiology of thyroid diseases, a major part of the Centre's efforts is directed
towards better understanding of the mechanism of action of triiodothyronine
and thyroxine at the cellular level. Animal experiments were done to
study the action of anti-thyroid drugs on the Adenyl cyclase, cAMP,
phosphodiesterase inter-relationship in the thyroid gland.
Some 2,500 patients were referred to the Centre for thyroid studies which
included 131I-thyroid uptake studies, thyroid scans, 1K I T-3, T-4,
and T. S. H. radioimmunoassays and ie5l-T-3 charcoal ratio studies.
54 patients with thyroid cancer and 55 patients with hyperthyroidism were
treated with radioiodine.
The number of patients with goitres, thyroid cancer and thyrotoxicosis
coming for follow-up after treatment has continued to rise. Nearly 1,500
patients came to the Centre for post-therapy follow-up. In a study of over
100 patients of thyroid cancer, it was found that a simple estimation of
PB m l levels in the plasma is as diagnostic as profile scans for detecting
functioning métastases. The latter requires expensive profile scanner while
PB1S1I estimations can be done in a small nuclear medicine laboratory.
In vitro tests: The Centre has developed a number of in-vitro tests which
have the advantage that no radioactivity need be administered to the patient.
m
l T-3 charcoal ratio, T-3, T-4, T. S. H radioimmunoassays are being,
routinely done to assess thyroid function.
A technique for detecting micro-organisms by measuring M CO, evolved
from metabolism of 14C-labelled glucose has beet
jrfected. It is now
possible to detect even Mycobacterium tuberculos , by incubating these
organisms with MC-glucose in a specially constituted medium. Effect of
thyroid hormones on the growth and metabolism of bacteria is also being
studied by this technique.
REACTOR RESEARCH
The Reactor Group is mainly concerned with reactor research and development. During the year, it was engaged in the execution of various jobs
related to the Tarapur and Rajasthan Atomic Power Stations, Madras
and Narora Atomic Power Projects and R-5.
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REACTOR ENGINEERING
Reactor Component Evaluation and Facilities: Most of the materials
required for the large integral thermal facility to be used for the development
of components for the modified PHWR were procured and the fabrication
of the facility is in an advanced stage. Hydrodynamic studies of the liquid
poison shut-off rods for the Narora reactor were completed. For the Madras
reactor, performance testing of 13 water jet exhausters, 7 adjuster rod drive
mechanisms and 14 motor units was completed. A new flow-test facility
for testing fuel assemblies of R-5 was designed and fabricated. Also, the
100 KW boiling water loop was recommissioned in a new location.
Fuelling Machines for RAPP-2: The second and third indigenous fuelling
machines for RAPP-2 were successfully tested in simulated reactor
conditions.
Reactor Component Analysis: Efforts continued in the field of reactor
component analysis under steady state and dynamic conditions due to
seismic and other accidents. Computer models for analysing plates of
irregular shapes, space frames, rolled joints and beam structures were
developed. Analysis of R-5 calandria and end shield, and top and bottom
plenums was completed.
Reactor Instrumentation: Detailed instrument flow-sheets and inter-lock
logic diagrams for various systems of the R-5 reactor were prepared. Testing
and evaluation of indigenous instruments was carried out.
Fuel Development and Thermal Hydraulics: The work on the fuel development and thermal hydraulics was continued. New computer models to
design mixed oxide fuels and estimation of various temperatures subsequent
to the tripping of main circulating pumps were developed. As part of the
fuel management service to TAPS, thermal hydraulic analysis of TAPS
reactors was carried out.
Five fuel cluster sub-assemblies for the R-5 reactor were tested out-of-pile.
Based on these tests, the fuel production for the first charge is being taken
up. In-pile testing of the R-5 reactor fuel was started.
R-5 Reactor Pile Block: Manufacture of major components like calandria,
coolant channels, end-shield, deck plate and header is in progress. Manufacture of beam hole embedments was completed.
REACTOR ANALYSIS
Reactor Shielding: A report on the radioactivity map during normal
operation, as well as radioactivity spread under transient conditions was
prepared for the R-5 Project. Shielding experiments in Apsara shielding
corner with the Narora reactor end-shield model and R-5 beam gate model
are in progress. A number of computer models for shield design are being
developed with practical applications in view.
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Simulator Project: The mathematical models for the power reactor training
simulator are nearing completion, including simulations of the turbine and
governor. Signal flow and logic diagrams for each of the exercisers are
being generated and checked for operational characteristics of the various
systems.
Plant Dynamics: Transient behaviour of a pressurized water reactor is
being studied. As part of TAPS dynamic studies, the steady and transient
•state protective performance of distance relays installed was investigated.
A dynamic model of the RAPS turbo-alternator was completed.
Steam Generator: The general parametric study of a vertical U-tube type
steam generator, including moisture separator, is nearing completion.
Detailed design of a steam generator of this type is also being done.
Safety: Engineering safety analysis of a pressure vessel type reactor was
started. Mathematical models are being developed for analysing blow-down,
core heatup etc. in case of LOCA due to pipe rupture.
REACTOR CONTROL
Control System of R-5: A full-scale prototype head-gear assembly of the
shut-off rod mechanism was fabricated. The velocity profile of the rod
was optimised so as to achieve a short drop-time as required by reactor
safety consideration and also to restrict the acceleration and deceleration,
so as to maintain the stress levels in various components within allowable
limits. A scaled prototype of the emergency liquid shut-down system was
fabricated and the functional tests were completed.
Computerised Fuelling Machine Control System: The first computercontrolled system in the country, namely, the computer-based fuelling
machine control system for RAPP-type reactors was fabricated and installed
at the fuelling machine test facility. The control system was tested and
commissioned with the fuelling machine head of the RAPP-2 reactor.
Nuclear Power Plant Training Simulator: The project involves development
of a complex computer-based simulator for the training of operators
manning CAN DU-type reactors. Functional designs of the system units
were completed and the major parts of simulator software were designed.
Servo Drive System for Dehra Dun Satellite Earth Station: The precision
automatic tracking servo system for the 29 metre Cassegranian Satellite
Communication antenna at the Overseas Communication Service earth
station in Del»a Dun was installed and put on 'Auto Track' mode for the
tracking of the Intefesat-IV communication satellite. The system employs
four 20 HP DC servo motors driven by four quadrant regenerative thyristorised power amplifiers, both developed and fabricated for the first time
in the country.

59

, f

i

Pressure tube gauging equipment for PHWR reactors for the measurement
of internal diameter and straightness of pressure tubes in PHWR type
reactors was fabricated.
For the computer-based gamma scanner for scanning FBTR fuel pins, the
design of the trolley and scanning system was completed. The software for
processing the data is complete and two module holders containing the
interface cards were wired and tested.
For the Magnetohydrodynamics plant being buit at Tiruchirapalli, the
designs for magnet, control system, instrumentation and electrical systems
were finalised.
For the Phosphorus Pilot Plant ARC furnace, the thyristorised control of
electrode drive has been developed and installed at the plant.
The numerical control system for a Berthiez precision borer was developed
and installed at the Central Workshops.
The prototype model of a single channel transient digitiser for studying fast
transients has been fabricated and tested to give an accuracy of 2 billionth
of a second.
A fast Optical Shaft Angle Encoder giving 500 pulses per revolution was
developed.

EXPERIMENTAL REACTOR PHYSICS
Experiments for R-5 Project: An extensive series of physics experiments were
carried out at ZERLINA and Apsara as development work for the R-5 Project.
These included studies of (a) the liquid poison shut-down system, (b) a
power monitoring system, (c) shielding adequacy of beam hole gates,
(d) optimization of the design of beam tubes for basic experiments and
(e) neutron radiography of discharged fuel.
Experiments for Power Projects: Experiments were undertaken for improving
the failed-fuel detection systems at the Rajasthan reactors and for design
of the end-shields of the Narora reactors.
Nuclear Data: In the field of nuclear data, generation and evaluation, multigroup cross-sections were generated for several elements of interest in
reactor technology. A variety of basic cross-sections were generated for
several activities and structural elements of interest to the use of thorium
reactors. Experimental work was also undertaken to measure cross-sections.
THEORETICAL REACTOR PHYSICS
Tarapur Fuel Management Service: The fuel management service of TAPS
was taken over from General Electric Co. of U.S.A. Under the in-house
FMS, Unit-2 of the station reached 194 MW(e) without any difficulty. The
development of this service has resulted in a saving of about Rs. 70 lakhs
in foreign exchange per year.
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Rajasthan Fuel Management Service: The continuous refuelling operation of
the reactor requires the knowledge of a number of parameters that describe
the state of the reactor neutronically. This information was generated and
supplied to the power station by simulating the reactor operation
continuously. Also, review of the RAPS-1 operation for the first full power
year was carried out and useful guidelines for reactor operation were
established.
Reactor Design Wor/c:The initial fuel loading for RAPP-2 with some bundles
of depleted uranium was optimised so that near-full power could be obtained
from the beginning of the reactor operation. To increase the thermal power
of presently designed heavy water reactors, the feasibility of having a cluster
of 22 rods instead of 19 rods as at present was considered. Detailed investigations on irradiating cobalt-59 to produce radioactive cobalt-60 from the
fuel channels of RAPS-1 were made.
Nuclear Data and Lattice Physics: Development of a multi-group integral
transport theory model for pin lattices was continued. A mathematical model
for TAPS-type fuel box lattice for initial conditions was developed. Mathematical models for cruciform and finger-type control rods, moderator and
fuel temperature coefficients, kinetics parameters and core studies were
developed for TAPS-type lattices. Generation of multi-group cross-sections
from the basic nuclear data contained in ENDE/B-IV was started.
Laser Induced Fusion: Recently, there has been a great deal of interest in
the possibility of producing thermonuclear fusion by means of irradiating
heavy isotopes of hydrogen with an intense pulsed laser. In this connection,
a hydrodynamic computer model was developed by incorporating various
energy exchange mechanisms. Some specific results were obtained for fully
ionized DD and DT plasmas heated with sub-nano-second laser pulses at
various peak powers.
Magnetohydrodynamics: The problem of heat transfer is of basic importance
in MHD power generation. The problem of heat transfer with laminar flow
in concentric annuli with constant heat flux was studied by employing a
modified finite difference technique so as to ensure the stability of solutions.
Nuclear and Statistical Physics: An elegant many-body formulation to understand the structure of the high angular momentum states produced in the
heavy ion reactions was developed and successfully applied to explain the
recent experimental data on some rare-earth nuclei.
Within the framework of non-equilibrium statistical mechanics, a method of
studying systems with quadratic Hamiltonian based on Heisenberg equations
of motion was formulated and applied to a solvable model.
REACTOR OPERATIONS AND DEVELOPMENT
The Reactor Operations Division is responsible for the operation of the
thermal research reactors at Trombay. Technical expertise and assistance
were provided, as required, to the nuclear power stations and projects.
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The research reactors, CIRUS (40 MW), Apsara (400 KW) and ZERL1NA
(100 W) were operated satisfactorily for research, and the first two also for
isotope production. The Pressurized Water Loop in CIRUS was in satisfactory
operation. Scanning of the lattice tubes of the CIRUS vessel for wall
thickness was continued. The tubes are generally in good state. A simple
design was evolved to prevent water leakage past ' 0 ' rings at the top of the
fuel elements from reaching the reactor vessel to reduce the rate of thinning
of the reactor vessel tubes, thus increasing the life of the vessel. The job has
been executed in more than 60% of the reactor lattice positions and the
remaining work is expected to be completed before the middle of 1977.
Training of engineers and technicians in reactor operations and maintenance
was continued.
NEUTRON PHYSICS
The Neutron Physics Section completed an experimental programme to
study the physics of small fast systems using the initial core configuration
of the plutonium-fuelled experimental reactor PURNIMA and started the
study of the physics of 233U-fuelled reactor systems. The design of the
£&U-fuelled minipool source reactor for neutron radiographie examination
of irradiated fuel pins to be installed at RRC, Kalpakkam, was taken up. This
reactor will be light water moderated and cooled and will use beryllium as
neutron reflector to achieve a very small critical mass of less than half a
kilogram of 23SU. Core neutron fluxes of ~ 1012 n/cmVsec will be available
for experimental work.
Alternate ^ U production methods based on exploiting the neutrons from
thermo-nuclear fusion reactions or accelerator-produced neutrons are
under study.
Using the 'Li sandwich spectrometer and solid state track recorder for
a-counting, experimental methods have been developed to study tritium
production in Li assemblies surrounded by various moderators. Theoretical
calculations have also been made using 2D Monte-Carlo methods. The
reactor physics parameters such as Keff, life-time and generation time
have been calculated using 2D multi-group multi-zone methods.
Feasibility experiments to establish the carbon-oxygen method using a
14 MeV neutron source for oil well logging were completed.
REACTOR CHEMISTRY
About 20,000 samples from various process systems of CIRUS, Apsara,
ZERLINA and the Pressurised Water Loop of CIRUS, were anaiysed during
the year for evaluating the chemistry conditions and for guidance to reactor
operations. Failure of the stainless steel tube of the helium system of CIRUS
was evaluated to be due to intergranular corrosion by chloride contamination.
Analytical investigations were carried out on samples for the determination
of isotopic abundances, isotopic ratios etc. in gas and solid samples.
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In the field of power reactor water chemistry, investigations were directed
towards the evaluation of seasonal variations in the quality of the Palar
river (MAPP) water, chemical cleaning of some auxiliary systems of MAPP,
hot conditioning of RAPP-ll, activity transport studies on the PHT system of
RAPS-1, evaluation of locally manufactured ion exchange resins for their
suitability in process systems of RAPS, TAPS and so on.
For solving chemical problems related to operating nuclear power stations,
the Section's contribution includes modification to the moderator purification
ion exchange column of RAPS-1 for backwash of resin fines and other
deposits, determination of D20 content in condensate samples collected a
various locations in the reactor complex of RAPS-I for inventory purposes
and determination of oxides of nitrogen in the nuclear air system of RAPS-I.
Experiments to evaluate the uniform distribution of boron carbide in paraffin
wax in the shielding system and deposition of gadolinium and uranium on
construction materials of the R-5 reactor systems are being carried out.
The Chemistry Division continued to provide assistance to tackle chemical
problems referred to it by the power projects. The major activity was the work
on chemical decontamination of the clean-up system of Unit II, TAPS. The
experiment was partially successful; it had to be suspended due to
development of leaks. A marked decrease in the radiation field in some
parts of the system was observed.
The programme of evaluating fuel performance in Units I and II of TAPS
using the off-gas and iodine release data was continued. Recoil, diffusion
and equilibrium contributions to the total off-gas release were evaluated.
The abnormal chemistry of boiler water in boiler numbers 4 and 8 of
RAPS-I over a prolonged period of operation was shown to be due to the
deposit of lead both in elemental and compound forms. In view of the
possible detrimental effects of lead, RAPS was advised to physically clean the
boilers of such deposits and since then the chemistry of these boilers has
improved.
A relatively radiation-resistant grease possessing better water washout
properties was developed in collaboration with a private firm as a substitute
for imported greases used for reactor refuelling machines. A dynamic
simulative sleeve and ball-bearing evaluation of this grease is being carried
out at RAPS.
The design details of a high temperature corrosion loop to be set up in the
Centre to investigate the corrosion behaviour and compatability of various
construction materials used in steam generator systems were finalised in
collaboration with Reactor Engineering Division, Metallurgy Division
and PPED.
The expertise acquired in water chemistry was utilised to solve the problems
of corrosion in the circulating water systems in the Heavy Water Project,
Baroda.
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Atomic Fuels and Other Materials
The Atomic Fuels Division met the requirements of metallic uranium fuel
elements and components for CIRUS.
Fabrication of prototype fuel elements for the R-5 reactor, in connection
with out-of-pile testing, was carried out.
23 cobalt absorber assemblies were fabricated for RAPS.
About 1700 power reactor stainless steel components were surface hardened
by the nitriding process.
After completing the necessary developmental work, regular production of
Garter springs of zirconium-niobium-copper alloy was undertaken for MAPP.
100 kg of iron-nickel wires were made for ECIL.
Tungsten-copper composite blocks for use as collet inserts for end-cap
welding at NFC were made on a regular basis which has helped in the
stoppage of import of this material.
Development of magnesium-thorium master alloy was undertaken for DMRL.
Fabrication of high density thoria pellets for the FBTR blanket was continued.
Dummy sub-assemblies required for hydraulic type testing and handling
tests were fabricated.
Against specific requests, hydrogen/vacuum annealing jobs, melting
and fabrication of metals and alloys, specialised NDT and material evaluation
jobs were undertaken. Quality surveillance of jobs connected with the R-5
project and of fuel bundles and zircaloy components for TAPS and RAPS
was continued.
Fuel Reprocessing Plants
The pre-commissioning runs in the Tarapur Fuel Reprocessing Plant
(PREFRE) have been completed and the plant is ready for commissioning.
The partial decommissioning and decontamination work at the Trombay
Plutonium Plant is in an advanced stage. Construction of additional
structures, fabrication of process equipment and detailed design of the plant
layout are in progress in connection with the plant's expansion.
Reprocessing and Accounting
Research and development activities were pursued on the various aspects
of reprocessing and the final plutonium reconversion which includedprocess,
analytical and engineering development studies.
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In the instrumentation field, with a view to achieve effective process control,
efforts are being directed towards development of in-line instrumentation
for installation on process streams and computer-aided data acquisition
systems.

RADIOACTIVE WASTE MANAGEMENT
For the Waste Immobilisation Project at Tarapur, civil construction work was
completed on the main plant building while work relating to the electrical,
ventilation and air-conditioning systems, is in progress. The major part of
the design work pertaining to process equipment, remote-control equipment
and services has been completed. Fabrication of most of the out-cell
equipment and auxiliary in-cell equipment was completed. Development
of indigenous inverter and control system for the induction furnace is
in an advanced stage.
For the Solid Storage Surveillance Facility at Tarapur, the architectural
and structural designs are in progress. Efforts are on for indigenisation of
the transporter for loading, unloading and transporting of canisters containing
vitrified highly active wastes.
For the Centralised Waste Management Facility (CWMF) project at
Kalpakkam, detailed designs of the various sub-systems for treatment of
liquid and solid wastes was completed. Construction of specially engineered
disposal facilities for the radioactive solid wastes and fabrication of process
panels and linings of sumps are in progress. All the embedded parts for the
piping have been installed.
For the Affluent Management Facility at MAPP, the active drainage system
was modified in order to isolate the tritium-bearing effluents from other
streams. With this step, the effluent drainage system of the heavy water
upgrading plant was also integrated. A proposal for augmenting the
decontamination facility of MAPP is being drawn up taking into account
the operational experiences gained at the RAPS.
At the RAPS site, design and construction work on the Solar Evaporation
Facility is in progress. The facility is expected to be commissioned by
October 1977.
At Narora design work on the Radioactive Waste Segregation and Collection
System was taken up. Equipment layout and details of embedment for
basement construction were completed. Design of equipment and piping
layout for effluent lines in the service building is in progress.
Further work is in progress in respect of the Effluent Management Facility
for R-5. For the R-5 reactor building, installation of all the embedded parts
related to the system is nearing completion. The system des gn related to
the service building has been finalised.

65

62

A project report has been submitted for setting up a Decontamination
Facility at Trombay. This facility is intended to study the decontamination
problems of nuclear power plants.
A report on the expansion of the Effluent Management Unit {EMU) at
Hyderabad to meet the enhanced effluent loads due to extension of some
plants at NFC has been submitted. Simulation studies were carried out to
generate background information for sizing up the solar evaporation ponds.
Datailed design work is in progress for a liquid effluent treatment plant for
the Indian Rare Earths Ltd., Alwaye. A pilot plant was set up to collect data
for the optimisation of chemical dosing and process conditions for the plant.
Layout and design details of the solid storage facility for IRE Ltd. at Alwaye
are under preparation.
For the Repository for Immobilised Waste Projects, design of a centralised
facility for long-term storage of canisters containing vitrified highly active
wastes is being evolved. Analysis of temperature profile and movements
of radionuclides from a canister buried in specific geological media is
underway. Studies pertaining to site selection are underway.
Operations
Operation of the Liquid Waste Treatment Plant, the Decontamination
Centre and the Solid Waste Management Facility of the Tarapur Waste
Management Facility was continued. Work pertaining to the disposal
scheme for the highly active decladded zircaloy hulls from PREFRE was
completed. System design, construction of disposal facilities and procurement of handling gadgets, including a shipping container for safe transport
of the hulls to the bu.ial ground, were completed.
The first phase of the Tarapur Radwaste Augmentation Scheme has been
completed. The flocculation-cum-ion excha.ige facility for augmenting
the radwaste treatment capacity of the TAPS was commissioned. It has a
capacity to treat 90,000 litres/day of liquid effluents. Installation of the
spent resin storage tank is nearing completion.
Engineering, and chemical decontamination of the clean-up system of the
Tarapur Atomic Power Station based on chemicals suggested by the
Chemistry Division was carried out. In order to establish a closed loop of
chemical run, with proper temperature and flow conditions in the systems,
a closed loop of stainless steel piping with special heating arrangement
and control equipment was installed. Preceded by trials with cold and hot
water in the system, the actual decontamination operation using the
suggested chemicals was carried out.
The Liquid Effluent Management Plant attached to the power station,
and the Solid Waste Management Facility at Rajasthan were operated
satisfactorily. A total volume of 11,200 M3 of radioactive liquid waste from
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different systems of the reactor were treated. The discharge of activity
to the lake was well below safe permissible limits. At the Solid Waste
Management Facility, a total volume of approx. 120 M 3 of solid wastes
was received for safe disposal in engineered containments.
Operations at Rajasthan included handling, transportation and storage
of 12 stainless steel absorber rods, which had been earlier removed from
the reactor. Continuous surveillance is being maintained on these highly
active wastes in storage.
At the Effluent Treatment Plant at Trombay, about 12,230 M 3 of radioactive
effluents from various units at Trombay were decontaminated. The solar
evaporator trays were installed for sludge concentration. For the chemical
treatment of effluents, it is proposed to instal a pilot scale sludge blanket
precipitator.
At the Radioactive Solid Waste Management Site at Trombay, waste
disposal facilities were in operation meeting the requirements of Trombay
installations as well as those of isotope users from different parts of the
country. Commissioning of the glove-box facility for handling higher
active liquid effluents is in progress. Laboratory studies were initiated on
the containment of tritiated water by incorporation in Portland cement with
an impermeable barrier. Hydrochemical studies were started.
Research and Development
Vitrification of Hiah Level Wastes. Development of melt matrices for
high-level waste in~ joration was continued. Work was completed on the
development of suitable melts for incorporation of sulphate-bearing wastes.
Efficient dispersion of sulphates in boro-silicate matrices was achieved;
rate of aqueous attack on the matrices was reasonably low. Analysis of the
melting behaviour and product characteristics of glass matrices for nonsulphate wastes was continued and the glass-forming regions incorporating
purex waste oxides have been identified. Evaluation of properties such as
thermal conductivity, viscosity, and mechanical strength of the vitrified
product masses were taken up. Evaluation of vitrification system as well as
the vitrified waste products was taken up. Engineering scale units of the
thermo siphon evaporator, the pot vitrification furnace, assemblies, the
electro-magnetic and mechanical grapplers etc. were set up. Process
parameters were simulated and testing of the melt composition, the
engineering systems such as those for waste feed distribution and slurry
additive feed etc., is being carried out in the inactive vitrification pilot
plant. The protoype grappler was successfully tested with load.
Actinide Separation!Fixation: Studies on the fixation of actinide-bearing
wastes from reprocessing plants in naturally occurring clay minerals were
continued. Presently, caesium and strontium loading and retention
characteristics of certain locally available minerals aie being assessed.
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Bituminisation of Intermediate Level Wastes: A prototype of the agitated
thin film evaporator with ESSOTHERM-500 as heating medium was set
up to standardise operating conditions for the incorporation of intermediate
level waste salts in bituminous matrices.
Low and Intermediate Level Effluents: Detailed investigations were
carried out on the use of minerals such as pyrolusite, barytes, etc., in the
treatment of radium-bearing liquids. Work is underway towards standardisation of conditions for the use of these minerals in the decontamination of
uranium mill effluents. A process involving permanganate oxidation, was
developed for the removal of chemical toxins from UCIL effluents. Metal
ferro-cyanide ion-exchange resins were prepared for the selective uptake of
radiocaesium from nuclear waste waters. Further studies are in progress
in this regard.
Air Cleaning Engineering Studies: Investigations were carried out for the
development of suitable solid adsorbents for the containment of radioactive
gaseous contaminants released during the operation of the nuclear plants.
Removal of trace quantities of oxides of nitrogen from the calandria vault
cooling air of power reactors was investigated on laboratory scale from the
view point of corrosion of critical components. Work on the development of
moisture removal systems adopting indigenous molecular sieves was
carried out.
Different types of molecular sieves were evaluated. On the basis of the
data, systems were designed for the removarbf trace quantities of moisture
from air streams and also recovery of D t O from ventilation air and cover gas.
With a view to achieve import substitution, development of Pt/Pd catalyst
for specific applications in air cleaning systems was undertaken. Catalyst
samples developed were found to meet the requirements. Among the
other developments are, a fibrous filter medium "soluble in solvent (for
PRL, Ahmedabad) and liquid filters for the removal of fine suspensions in
water for specific applications in PREFRE and the Apsara reactor. Studies
were initiated to develop a suitable process and equipment for the containment of radioactive particulates and gases for normal and emergency
conditions of operation of fast breeder reactors.
Gas Cleaning Works for Power Reactors: Pilot plant studies were continued to develop a process for the confinement of radioactive air gases
from boiling water power reactors.
Special filter units for the removal of radioactive particulates and iodine
were developed indigenously for use in the emergency exhaust ventilation
systems of power reactors. This is yet another step towards import
substitution.
Geohydrological Studies: Studies pertaining to geo-hydrological investigations at the waste burial grounds at TAPS and NAPP sites are in progress.
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Preliminary assessment of ground water movement was made using tracer
techniques. Further work is in progress in this regard.
Production: As regards commercial scale activities, production of high
efficiency paniculate air filters for nuclear facilities and laboratories was
continued resulting in savings in foreign exchange. During April-September
1976, 1060 different types of filters were produced in the pilot filter
production unit, at a total production cost of Rs. 1.72 lakhs, with a foreign
exchange component of Rs. 0.35 lakhs. The estimated cost of equivalent
imported filters is Rs. 6.45 lakhs with a foreign exchange component of
Rs. 4.11 lakhs. The know-how transfer from BARC to a private industrial
unit is being exploited resulting in savings in foreign exchange. During
April-September 1976, the firm manufactured and supplied filters worth
Rs. 5.11 lakhs resulting in considerable saving of foreign exchange.
HEALTH PHYSICS
The Health Physics Division is entrusted with the responsibility of offering
guidance and advice to various divisions of the Centre and other units
of the DAE on health and safety practices in nuclear and conventional
operations. Research and development work connected with health and
safety forms a substantial part of the activities of the Division.
Health and Safety and Radiation Protection
Reactors: The Health Physics Unit at TAPS continued to provide health
and safety advisory service to the station. In addition, special health
physics coverage was provided during repair work to plug the leaks in SSG
of Units 1 and 2, suppression pool painting of Unit 2, underwater welding
of steam driver separator guide bracket, and clean-up system decontamination and reinsulation in Unit 2. At RAPS, besides routine duties, members
of the Division assisted in various special maintenance jobs. Special
investigations were conducted to find out the causes and sources of leaks
resulting in high concentration of "Ar in service and reactor building
accessible areas. Apart from regular radiological surveys during the normal
operation of the research reactors of the Centre, radiological surveillance
was provided during their maintenance.
Other Facilities: In order to ensure the minimum possible external and
internal radiation exposure to workers in BARC, and other DAE units,
the operational staff of the Division provided continuous health physics
surveillance. About 15,000 kg. of thorium nitrate were exported to various
foreign destinations for which the necessary health physics coverage was
provided. Health physics and safety supervision was provided for radiochemical operations such as production of radioisotopes, separation of
fission products and transplutonium elements from irradiated fuels etc.
at the Radiological Laboratories. Health physics surveillance was provided
during decontamination phases of the Trombay Plutonium Plant.

Industrial Hygiene and Safety: To assess the hazards from conventional
air pollutants in various laboratories, pilot plants and industrial operations,
a number of surveys were made by the Industrial Hygiene and Safety
Section. Surveys were made for the estimation of air contaminants like
mercury in laboratory and pilot-scale operations, lead and amyl acetate
during spray painting operations, hydrazine and hydrazoic acid from off-gas
system at PREFRE, and carbon monoxide and oil mists in compressedair supplied to laboratories for breathing purposes. Industrial hygiene
surveillance was maintained at the beryllium laboratories of the Metallurgy
Division.
Regular ventilation surveys were conducted in the laboratories of the Isotope,
Radiochemistry and Metallurgy Divisions. Exhaust systems at Hot Cells,
RAPPCOF building and RAPS, were checked and cleared for routine handling of MCo. To safeguard the hearing capacities of personnel working
on some noisy operations, noise level surveys were made at the laboratories
of the Reactor Control and Analytical Chemistry Divisions.
A special survey was made at the Surface Instruments Laboratory, India
Meteorology Department, Pune, to assess the concentration of mercury
in the working 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.
As a part of the accident prevention programme, the National Safety Day
was observed in the Centre. Educational programmes consisting of screening
of films on industrial hygiene and safety topics, exhibition of safety posters,
a safety quiz, "Test your safety knowledge" etc. were arranged.
Environmental Studies
Environmental Survey Laboratories at Tarapur, Kota and Kalpakkam
continued radioactivity monitoring near nuclear sites, and wholebody
monitoring of occupational workers and sample population from the site
environment. Observed levels were checked against background data.
At TAPS, no significant activity due to power station releases was observed
in the terrestrial samples. Radio-iodine was detected in goats' thyroid in
September 1976, but it was due to fallout from the Chinese test. Radiocobalt and radio-cesium were detected in occupational workers and in
shore-line sea-foods, but the levels were significantly below (100 times or
more) the derived permissible limits. Critical pathway studies on selected
radio-nuclides were taken up as a project at TAPS with IAEA collaboration
which cover a search for those organisms that concentrate "Co, ls»Cs and
transuranic elements.
70

The Environmental Survey Laboratory at RAPS continued studies to evaluate
thermal pollution from condenser discharge as part of an IAEA research
project. The Laboratory gave active assistance in the construction of a
water purification plant by the analysis of ground water supplies at various
drilling points and after-treatment.
At ESL, Kalpakkam, background monitoring and demographic studies
were completed. The surveys showed that the Kalpakkam beaches contain
monazitic sands. Dietary studies showed a very high daily salt intake of the
local population. A study of the distribution of radium in the environment
with special reference to uranium mill and mine effluents contributing to
the general radium background was initiated in collaboration with IAEA.
The ESL at Jaduguda is being expanded as the present facilities were
found inadequate.
Research and Development Work
Radiation Physics: Work on the order-disorder model to explain the
observed asymmetric division of mass in low energy fission was continued.
The asymmetry is attributed to the first step in the model viz. the initial
charge polarization. Quantitative calculations are in progress.
The fast pneumatic sample transport system was used for investigations
on short-lived radioactivities and fission products. The fission spectrum
neutron irradiation facility was standardised by measuring the spectrum
and flux using threshold detectors. This facility is now available for
activation with fission neutrons.
The computer code for the fission product activity and energy release
calculation developed earlier was used for application in various cases.
Work on the measurement of fission product gamma spectra at short times
after fission was completed. The Health Physics Division participated in the
"Inter-comparison of methods for measuring Ge(Li) gamma ray spectra
G1" organised by IAEA.
Nuclear Safety: A feasibility study for an on-line boron measuring system
in solutions using neutron attenuation was made. A system for installation
at PREFRE for measuring boron in the dissolver unit has been suggested.
Thermoluminescence and Radiation Detectors: Investigations on the
mechanism of TL were continued. The new findings include some energy
transfer processes in the emission of TL. Specific associations of traps and
luminescent centres have come to light which disprove the commonly
accepted hypothesis of random distribution of these entities with respect
to each other. The thermoluminescence technique has been applied for
dating ancient potteries. The crystal growth programme was continued for
preparing better nuclear radiation detectors and laser-grade crystals.
CaF2(Eu) crystals were successfully grown upto a diameter of 44 mm and
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€0 mm height. These detectors are very useful for X-ray and low energy
gamma ray spectrometry and detection.
Aerosols: Generation and administration of Pu-simulant aerosols to
volunteers by inhalation was continued in an effort to obtain improved
calibration of Pu lung-counters. Under an IAEA research contract, research
on characterisation of aerosols was continued. Main efforts were directed
towards uranium mines, fuel fabrication plants, research reactors and the
plutonium laboratory.
Tritium: Work under the IAEA co-ordinated research programme on the
study of soil-plant tritium behaviour was continued. The major conclusions
of the study are: (1) Distribution of bound tritium in the different body
constituents in certain algal species indicated that the nucleic acids, lipids
and proteins are labelled in the order mentioned. (2) The pattern of tritium
incorporation, in general, indicated a possible discrimination against tritium
as one proceeds along the food chain. (3) A mathematical model developed
on the basis of laboratory experiments high-lighted that evaporation tends
to enrich tritium in water while condensation causes a dilution effect.
(4) A computer model developed on the basis of 23 field experiments
on eight different species on trees/plants showed that tritium has a
three compartment persistence pattern, corresponding to tissue-free-watertritium and labile and non-labile forms of tissue-bound tritium. (5) The
leaf sampling method serves as an indicator of soil-plant tritium behaviour
and can be used for environmental monitoring purposes.
Radioecology: Studies on the interactions of radio-nuclides contained in
the controlled low-level aqueous radio-active wastes, with the sediment,
clams and fish populations from the Bombay Harbour were continued.
The concentration of radioactivity, especially due to U7Cs, in the marine
samples, was found to drop significantly with time (1971-76) on reaching
apparent peak concentration levels in 1971. The decline in radioactivity
was observed despite continued release, though at low levels. The cesium
radioactivity incorporated in the bottom sediment from the discharge zone,
was found to decrease at such a rate that 50% of the initial activity (during
1971) was lost in about 1.9 years. The environmental parameters
(deposition of fresh materials, salinity, pH, currents etc.) were found to be
responsible for the desorption of radioactivity from the marine samples.
RADIOLOGICAL PROTECTION
The Division of Radiological Protection i? responsible for the assessment
and control of exposures from ionising radiations to radiation workers in
the country. To achieve this objective, the Division conducts surveys of
institutions using radiation sources for diagnosis, treatment, application in
industry and research; advises on thé 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. Country-wide
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air-monitoring programmes, including fallout studies and research on special
problems of aerosols and conventional pollutants, are carried out by the
Air Monitoring Section of the Division.
Taking into consideration the available radio-biological data, expressions
were arrived at for determining dose per fraction for different treatment
regimes in radio-therapy. Ready-to-use nomograms were also prepared to
help therapists follow a uniform approach. Treatment schedules (dose and
dose-fractionation) were worked out for a Cathetron unit which uses high
intensity after-loading applicators for intra-cavitory treatment. Central
axis depth dose distributions for 10-30 MeV electron beams were computed
by developing a simple analytical expression for electron transport. Isodose
charts were also obtained for the indigenously fabricated Janus teletherapy
unit for various field sizes.
Most calculations in neutron dosimetry and shielding need point-energy
neutron cross-section data and angular distribution data of scattered
neutrons. All cross-section routines, collision routines and a number of
other miscellaneous routines developed in the Division over the past ten
years, numbering about 60, were written as an ATAPE library. The tape
can be used to generate Monte Carlo programmes and is available as a
common facility.
Hazards to lenses of the eye and male gonads from hard beta rays (from
beta applicators in clinical practice) were determined by measuring
depth-dose distributions in tissue equivalent phantoms. Doses to the eye
ens epithelium were as high as 5 1 , 22 and 82 percent relative to that at
surface for "»Sr-^Y, 82P and "*Ce sources respectively, instead of
15 percent assumed conventionally. Testicular tissue, in appreciable
number, also receives beta exposure, necessitating utmost care in handling
these applicators.
The Air Monitoring Section carried out detailed studies on radioactive
fallout from two nuclear tests in the atmosphere conducted by China
during this period. Studies included an assessment of the effect of fallout
on the Indian environment as well as information about the tests as derived
from fallout analysis. Countrywide monitoring of the environment for
natural radioactivity and fallout from nuclear weapon tests was continued
and the net-work of monitoring stations was reorganised. New stations
were set up at NFC, Hyderabad and RRC, Kalpakkam. The existing station
at Dum Dum airport, Calcutta, was shifted to the VEC Project site. These
changes were made for covering additional important places in the country
since DAE installations are already functioning at these places.
The programme for continuous measurement of conventional gaseous
pollutants at Trombay and of paniculate trace elements at other countrywide stations was continued. A number of instruments for continuous
measurement of industrial pollutants developed earlier were improved as
regards their minimum detection levels, stability etc. A new system based
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on fluorescence in the ultra-violet region by sulphur-dioxide was developed
for continuous measurement of this pollutant in the environment. The lowest
detection limit of the system at present is about 150 ppb and it is expected
that it would be possible to improve it by a factor of 10 in the near future.
Extensive study of sulphation rate with the help of electro-deposited graphite
plates, developed earlier, were carried out at about 60 locations in ChemburTrombay region. Variations in sulphation rates with altitude were also studied
at CIRUS, PP stack and Trombay Hill. Analysis of fluoride concentrations
in air, rain water and tap water was carried out as part of the study of various
pollutants.
The countrywide personnel monitoring for evaluating radiation exposures
covered nearly 42,000 radiation workers from 2280 institutions. The
corresponding figures for the previous year are 38,000 and 2106 respectively.
The countrywide radiological protection surveys ./ere conducted in 165
institutions, consisting of 115 medical, 28 industrial and 22 research
institutions.
During the year, the Advisory Group of the ßivision of Radiological Protection processed 421 plans connected with X-ray and teletherapy installations,
industrial radiography units and radioisotope laboratories. 55 radiation
installations were approved for final construction. Advice on the use of
radiation sources, equipment and associated safety aspects were given in
1464 cases. 1623 applications for procurement of radioisotopes from potential
users were scrutinized and processed, after ensuring that their proposed or
existing facilities were adequate for handling radioisotopes.
The Radiation Standards Laboratory of the Division is responsible for
maintaining the primary standards for exposure and absorbed doses of
X, gamma and paniculate radiation. Radiotherapy centres in the country
get the secondary standard dosimeters calibrated periodically against these
primary standards. In continuation of the international intercomparison of
primary standards conducted with France last year, the Division's standard
was sent this year to the National Physical Laboratory, Teddington, U.K.,
for comparison with the NPL 2MV standard. Another intercomparison was
conducted at the Regional Calibration Laboratory, New York, USA. The
Radiation Standards Laboratory has been proposed as a Regional Reference
Centre for the SSDL Programme by IAEA and WHO from July 1976 for
receiving radiation measuring instruments for calibration from neighbouring
countries. The Laboratory has also initiated intercomparison of outputs
from various teletherapy cobalt-60 units in the country.
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 of the R-5 reactor.
Over 2500 samples were evaluated in detail for reactivity effects, heat
production and radiation shielding for irradiation in the reactors. In addition,
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special requests for installation of a collimator assembly in CIRUS, experiments with liquid poison tubes and through tube simulation in horizontal
and vertical configurations in ZERLINA for assessing the R-5 reactor core
physics design and testing of an R-5 fuel assembly in CIRUS, were evaluated
for nuclear engineering and safety aspects.
Assessment of calculational models employed in core physics design
of R-5 reactor through feed-back from simulated experiments in ZERLINA
has confirmed the adequacy of the models. As regards R-5 reactor safety
evaluation, detailed theoretical studies have confirmed the adequacy of the
reactivity control design parameters. Further work is in progress.
Experiments are underway in Apsara for assessing reactivity characteristics
of reload-2 fuel employing enriched uranium aluminium alloy. Preliminary
results indicate that the nuclear design of the fuel specified by the Section
is quite satisfactory.
-l-

HEAVY WATER PLANTS

Heavy Water Reconcentration Facility and its Developmental Activities:
The performance of the Heavy Water Reconcentration Plant at Trombay,
which is being operated continuously for upgrading diluted heavy water
for CIRUS, has been satisfactory. Design and fabrication work is in progress
to set up a 250 mm dia. heavy water upgrading unit with indigenously
developed tower internals. This unit will replace the existing distillation
columns packed with imported tower internals. Work on the development
of tower internals was continued. Performance of the tower internals was
found to be satisfactory in 500 mm dia. test assembly. Work is also in
progress to fabricate and test the tower internals for 1000 mm. dia. test
assembly.
Corrosion Test Assembly: The Test Assembly was operated in roundthe-clock shifts and pertinent corrosion data was collected for various
materials, subjecting them to the H2S—H2O exchange process conditions.
Work is in progrès to study two phase flow heat transfer and pressure
change characteristics of the process in the Test Assembly.
MAPS Upgrading Plant: Ths plant is being constructed on the basis of
designs and engineering developed by the Heavy Water Division. Civil
construction of the plant building was completed. Procurement of indigenous
materials and evaluation of the bids for the fabrication of various equipment
are in progress.
Processing of 2-5% of Heavy Water at Nangal: The overall performance
of the facility has been satisfactory and a considerable amount of reactorgraded heavy water has been recovered from 2-5% feed. A liquid scintillation spectrometer was installed at Nangal to accurately measure the tritium
concentration of the feed of the various process streams and of the environment samples.
,
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Study of Various Chemical Exchange Processes for the Production of
Heavy Water: Experimental runs have been carried out to collect data on
the separation factor for the amine—hydrogen exchange process in the
temperature range of —30°C to 0°C. Work is in progress to calculate the
separation factor for NH3—H20 exchange process theoretically and verifying
it experimentally. Work is also in progress to develop a suitable catalyst
for the water-hydrogen exchange process.
Chemical Laboratory: A number of chemical analyses of various samples
and instrumental analysis of heavy water by infrared spectrometry, refractometry and mass-spectrometry were carried out. Experiments to study
the diffusibility of 36Ar in heavy water were continued. Studies on the
enrichment of heavy water by biological methods were initiated. Experiments
were carried out to study the reaction of KNH2 dissolved in liquid NH3
with carbon monoxide.
HEAVY WATER PLANT, NANGAL: The performance of the Heavy Water
Plant, Nangal, along with the facilities incorporated for processing of
2-5% heavy water, has been satisfactory. In addition to the normal
production, a sizable quantity of heavy water was produced due to
processing of 2-5% D20 feed.
CENTRAL WORKSHOPS
During the year, the Central Workshops (CWS) executed jobs worth
Rs. 260 lakhs which resulted in savings in foreign exchange to the extent of
Rs. 86 lakhs. Among the important jobs handled at the workshops during
the year are:
Manufacture of a 6-meter horizontal honing machine and many other
process equipment in inconel and titanium for the Nuclear Fuel Complex;
finishing section equipment to work under 160 kg/cm* for the Heavy Water
Project, Tuticorin; scattering chamber for VEC Project; and water-cooled
thermal shields, end fittings, liner tubes and fuelling machine assembly for
MAPP-II. A number of stainless steel heat exchangers for the Waste
Immobilisation Project, the pressure vessel for the 2 MeV tandem accelerator
of the Nuclear Physics Division and a DaO purification evaporator in monel
for the Heavy Water Upgrading Plant.
Manufacture of a high pressure (230 kg/cm2)-cum-high temperature
heat-exchanger for the Heavy Water Project, Tuticorin, deserves special
mention. This was a challenging job and was completed in a record time
of five months.
An articulated mini-manipulator for radioactive work is being developed.
The fabrication of a master slave manipulator model 8 has been established
for bulk manufacture.
Manufacture of sub-assemblies for the R-5 reactor calandria is in an
advanced stage and assembly of the calandria is in progress. Work on
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manufacture of codant channel assemblies for the R-5 Project was taken up.
Preliminary work in connection with the manufacture of the fuelling machine
and end fitting bodies for the Narora Atomic Power Reactors was also
taken up.

COMPUTER FACILITY
Four magnetic discs of one million words storage capacity dach were
installed on fast channels of BESM-6 Computer to provide additional high
speed back-up memory. The computer system is presently supported by
new, disc-based DIAPAK software system, which can handle a maximum
of 16 jobs in mutti-programming mode» and operates at much higher central
processor utilization.
At present, BESM-6 Computer is operated round-the-clock, handling more
than 650 hours of user-load per month at an average C.P.U. efficiency of
78%. The machine down-time due to hardware failures has been maintained
below 1%.
A high-speed digital plotter, CALCOMP936, capable of plotting at a speed
of 1800 steps per second at a step accuracy of 0.05 mm., has been
connected on-line to BESM-6 Computer by developing necessary hardware
interface and software package locally. The on-line 7-track tape data
transfer facility has been made operational with new DIAPAK system by
carrying out necessary software changes. The hardware and software
developments are in progress for inter-connecting high speed devices on
fast channels of BESM-6 and setting up off-line processing facility around
TPA-16 K computer.
A modem (modulator-demodulator) has been developed for in-plant transmission of digital data over commercial telephone lines without a wired
connection to the telephone hand set. A digital control system using microprocessors has been developed for multi-arm neutron spectrometer. The
microprocessor, along with ROMS and RAMS, has been connected in
a conversational mode with a teletype and a suitable programme in
machine language has been developed. A Digi-Data 9 track tape drive is
being interfaced with a TI-960A computer to enchance the power of
computer-analyser combination. A number of software packages have been
developed for inventory control, data communication anr* paper-tomagnetic tape data conversion. A CRT terminal for graphic and alphanumeric display has been developed. The Honeywell-400 computer continued
to give a 2-shift operation for pay-roll, inventory control, data-reduction
and other applications.

LIBRARY AND INFORMATION SERVICES
During the year, 150 technical reports embodying the results of research
and development work done in the Centre and the proceedings of symposia,
conferences, etc. held under the auspices of the DAE and the Centre were
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brought out. These publications were distributed to scientific organizations
and institutions, universities, and national laboratories in the country and
also to atomic energy organizations outside. The publication and dissemination of 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 97,000, comprising 5B,500 books and
38,500 bound volumes of periodicals. It receives '!638 scientific and
technical periodicals, mainly in the nuclear and related fields, 363 being
on exchange basis or gratis. The Depository Library now has some 430,000
scientific and technical reports. 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 56,000 books and bound volumes and 15,000
technical reports were issued to 8820 persons with reader's tickets. Besides,
over 1000 books, bound volumes and reports were issued on inter-library
loan to various universities, scientific institutions, national laboratories,
etc.
The Translation Unit carried out 355 translations of scientific papers, reports,
patents, etc.
Computerisation of bibliographic data of over 8,000 translations done by the
Translation Section so far, some 10,000 publications of the scientists and
engineers of the Centre, the entire Library holdings cf books and bound
volumes and the technical reports numbering half a million, was taken
on hand.
Training was given to personnel from other institutions in library operations
and also computer-handling of information.
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 in May 1970. During the year, 1050 items
falling within the subject-scope published in India were inputted. India has
so far inputted 5030 items to the System, amounting to about 2% of the
items in INIS Data Bank.
PARKS AND GARDENS
During the year, 4,100 sq. metre area was developed by planting various
ground covers and plants in the Centre and 29,400 sq. metre in Anushakti
Nagar and around other departmental buildings in Bombay. For landscaping,
46 trees and 2,263 shrubs were planted in the Centre and 2088 trees and
1,385 shrubs were planted in Anushakti Nagar and around other departmental buildings in Bombay. 15,000 seeds of Anacardium occidentale were
sown on Trombay Hills.
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service DuiiQing nas oeen finalised.

Assistance was rendered to the Government of Jammu & Kashmir in
suggesting ways and means for developing the Moghul Gardens of
Kashmir. Ass/stance was also rendered to the Govt. of Maharashtra in
planning the Dnyaneshwar Udyan in Paithan and the gardens of the
Elephanta Island.
PERSONNEL AND TRAINING
The total strength of the Centre, including the VEC Project, as on February
28, 1977, was 11,462, comprising 3,007 scientific, 5,056 technical, 1,195
administrative and 2,204 general maintenance & auxiliary staff.
During the period, 142 scientists were sent abroad—20 on deputation for
training under various aided schemes, 111 for participation in international
conferences, symposia etc., 6 on regular or extra-ordinary leave for higher
studies, 5 placed at the disposal of the I.A.E.A. as the Agency's experts,
7 deputed for training and 2 for expert services.
So far, 28 Indian universities have recognised BARC as a centre for postgraduate studies in various disciplines. 113 scientists of the Centre have
been accorded the status of university teacher by various universities.
During the year, 23 scientists qualified for the award of Ph.D. and 32 for
M.Sc. degrees. Under the collaboration scheme between BARC and the
University of Bombay, 26 students are presently doing research work
leading to M.Sc./Ph.D. 3 students have qualified for award of Ph.D.
Upto end Feb. 77, about 18,880 visitors, including Heads of States,
ministers, parliamentarians, Indian and foreign diplomatic personnel, high
government officials, visiting professors, foreign scientists, defence personnel,
members of the scientific and technical institutions and students of schools
and colleges etc. visited the Centre.
The BARC Benevolent Fund and the Family Relief Scheme continued to
render financial assistance to families of deceased employees and
employees in distress. An amount of above Rs. 2,50,000/- was disbursed
under the Family Relief Scheme during the year to the families of employees
who died while in service. The BARC Benevolent Fund rendered assistance
to 84 persons.
One hundred and fifty-three graduates in science and engineering of the
19th Course of the Training School trained for one year from August 1975
to July 1976 were absorbed in the various Divisions of the Centre and other
units of DAE. Besides, twenty-two engineering graduates selected for
training in reactor operations and maintenance were given training for
six months at the Training School and were given on-the-job training in the
Reactor Operations Division for another six mor ths.
Two hundred and nine young graduates in science and engineering joined
the 20th Course of the Training School which commenced in August 1976.
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satisfactorily. A total volume of 11.200 M* of radioactive liquid waste from
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The following courses were also conducted during the year:
A five weeks Refresher Course for University Post-graduate Teachers in
Physics and Chemistry, was conducted in collaboration with the University
Grants Commission during the summer 1976. Sixteen University teachers
in Physics and Twenty-two in Chemistry participated in the Course.
i

Under the summer vacation training programme sponsored by the National
Council of Educational Research 8- Training, nineteen National Science
Talent Search Scholars received training in research methodology in various
fields under expert guidance in different Divisions of the Centre.
About 100 engineering students from various educational institutions were
provided practical training in various Divisions of the Centre, as a part of
their degree requirements.
Twelve candidates selected from all over the country completed the 14th
one-year diploma course in 'Hospital Physics and Radiological Physics'
conducted by the Division of Radiological Protection. The 15th course
commenced in September 1976. Besides, 91 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.
Under the auspices of the Indian Chemical Society, Bombay Branch, the
Analytical Chemistry Division organised a workshop on 'Atomic Absorption
Spectrophotometry'. The workshop was attended by 50 participants from
industrial establishments and research institutions.
Twelve scientists from various Indian universities, Indian Institutes of
Technology and Government organisations received training in the Spectroscopy Division in different fields such as spectrochemical analysis, infrared
spectroscopy, computational calculations, and electronic and vibrational
spectroscopy.
Ten foreign nationals are undergoing training in B.A.R.C. under various
international and int'r-govemmental collaboration agreements.
TECHNICAL SERVICES
The Technical Services Division carries out the design & planning of
electrical, air-conditioning, ventilation and other mechanical services for the
various projects at BARC, Trombay; Tarapur, New Bombay, Srinagar, RRC,
and also for the Nehru Centre, Bombay, as well as execution of all projects
except those at RRC. Besides, the operation and maintenance of the above
services for alf existing facilities at Trombay, except CIRUS & PP, is also
carried out by this Division.
Import Substitution & Development
Cadweld jointing technique, for efficient jointing of copper conductors,
which can carry very high fault currents was developed. In this method, the
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solid joint is obtained by instantaneous heat generated by reduction of
copper oxide using aluminium. As this jointing kit was hitherto an imported
item, considerable saving in foreign exchange will be involved in future.
A single phase preventor, using solid state circuitry, was developed for the
control of 3 phase motors.
A petrol engine-driven lawn mower was designed, fabricated and tested.
Design of a cable fault burning set was completed and fabrication is in
progress. The set can be used for voltages upto 20 KV.

Major Works Undertaken
Detailed designs of electrical, air-conditioning, ventilation and other
mechanical services for the R-5 Project were completed. The design
philosophy for the fire prevention and protection system was evolved and
the detailed system is being worked out.
Designs and estimates for the Electrolytic Pilot Plant, extension to the
Uranium Metal Plant at Trombay, Radioactive Products Facility, RadioPharmaceutical Lab., Beryllium Alloy & Metal Plant at New Bombay,
Nuclear Research Lab. at Srinagar and Laboratory for Studying High
Background Radiation at Quilon, Radio-Chemistry Lab. & Material
Development Lab. at RRC, were completed.
Installation of the sub-station equipment, power distribution, and internal
layout at the Centralised Waste Management Facility and Central Water
Chilling Plant at RRC, Extension to PURNIMA Reactor, Supervisory Remote
Control of Sub-stations at Trombay, Waste Immobilisation Plant and
Nuclear Material Stores at Tarapur, are in progress.
Ths works on Phosphorus Pilot Plant, Desalination Plant, Laser Facility,
Extension to Radio-Metallurgy Lab., Extension to Central Workshop Phase-11,
Incinerator Pilot Plant, Inflammable Material Stores, and New Engineering
Hall were completed.
To meet the additional power demand of the Centre for the R-5 and power
reactor loops, a new 100 kV switchyard to feed 50 MVA power to existing
and new facilities at 22/11 KV was designed, and installation of the switchyard equipment is in progress. The work on the 100 kV Double Circuit OH
feeder and the 100 kV underground cable and modifications at the 22 kV
yard of the main sub-station were completed and lines energised. Besides,
the installation of the 100 kV yard and 50 MVA transformers were completed.
The 1000 KVA Utility Sub-station of TAPS and Radwaste Augmentation
Facility at Tarapur was commissioned.

CIVIL WORKS
The Civil Engineering Division looks after all civil engineering activities
of the Centre like planning, designs and execution of civil works. Its design
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personnel render design services for works undertaken by other units of
DAE. Besides, the architects of the Division function as project architects
for all the units of DAE.
Civil works activities of BARC extend to Trombay, Vashi (New Bombay),
Tarapur and other outstations like Gulmarg, Srinagar and Neendakara.
The main activity in Trombay during the year was the R-5 Project where a site
office, temporary sub-stations, site fabrication shop and store yard were
completed; work on the main reactor building and the service building is in
progress and Spent Fuel Storage building. Reactor annexe. Attached
Laboratory, Filter House, Stack, Overhead tank, underground dump-tank
and off-shore works are in the planning stage. Among other civil works.
New Engineering Hall for R.E.D., Expansion of Radio-metallurgy wing of
the Radiological Laboratories, Expansion of the Central Workshops,
Phosphorus Pilot Plant, Desalination Plant, Inflammable Materials Stores,
Laboratory for the Laser Section, and Extension to IRE Canteen, were
completed ; Expansion of Plutonium Plant and PURNIMA Reactor building
is in progress; Expansion of Uranium Metal Plant and Equipment Decontamination Facility is in the planning stage.
Planning was undertaken to construct 3 new facilities at Vashi, namely.
Radio-pharmaceutical Laboratory, Radioactive Products Facility and
Beryllium Alloy & Beryllium Metal Plant, for all of which preliminary
proposals were finalised.
At Tarapur, the Main Plant building for the Waste Immobilisation Plant was
completed; Nuclear Materials Storage Facility, RCC stack of the Waste
Immobilisation Project are in progress; Solid Waste Surveillance Facility
(WIP-II), Rad Waste Evaporation Augmentation Facility, Off-gas Treatment
Plant and extension to the existing housing colony are in various stages of
planning. Besides, facilities were planned and executed for disposal of
radioactive wastes from TAPS by way of underground RCC trenches, tile
holes, spent resin storage tanks etc.
In the out-stations, 2 laboratories, one for the Nuciear Research Laboratory
at Srinagar and another for the Medical Division at Neendakara were
planned and are being taken up for construction. Additional quarters for
Class IV staff of HARL at Gulmarg were completed.
The Architectural Section of the Division continued its function as project
architects for the Trombay Township Project, Trombay; MAPP, RRC &
FBTR at Kalpakkam; NAPP at Narora; AMD Complex at Hyderabad; ESL
at Jaduguda; IRE at Manavalakurichi and SINP at Calcutta.
New projects taken up for design during the year include the DAE Secretariat
at Bombay, Mehta Research Institute of Mathematics and Mathematical
Physics at Allahabad and housing schemes for IRE at Gopalpur. It is also
proposed to extend their services to the Indian Institute of Horticultural
Research at Bangalore for a laboratory complex at Bangalore and BHEL in
connection with Magnetohydrodynamics Project at Tiruchirapalli.
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Reactor Research Centre, Kalpakkant
Design and R fr D Activities
Reactor Engineering. With the completion of basic design work for the
Fast Breeder Test Reactor (FBTR), the review of manufacturers' drawings
and technology sheets remains. The assessment of manpower needs for
Operations & Maintenance, selection and training of personnel and the
preparation of operations and commissioning manuals are in progress as
also the preparation of commissioning test procedures.
Optimisation of the core in the 500MW prototype fast breeder reactor is
nearly complete for a mixed oxide fuel ; a mixed carbide core is also being
studied. A review of different materials for the various reactor components
has been completed and specifications have been drawn up for a modified
stainless steel composition which appears promising in all aspects. The
R & D programme to evaluate the validity of this choice is being initiated.
The Reactor Physics Group is engaged in the development of better cross
section sets and improved computer codes besides participating in the
design of the larger fast breeder.
The experimental programme during the year included purification of a large
quantity of liquid sodium on a pilot plant scale. This programme was
undertaken to assess the capability at R.R.C. to purify India-manufactured
sodium to reactor grade purity as required for FBTR. The installation of the
500 KW loop has been completed. Other experiments in sodium technology
include development of methods for cleaning sodium off contaminated
equipment, control of sodium vapour deposits in the annular space between
the rotating plug and the reactor vessel of FBTR, and the design of rigs for
testing electro-magnetic flow meter and control rod drive mechanism in
sodium service.
Materials Science. Specimens of stainless steel irradiated with alpha
particles were subjected to various kinds of post-irradiation treatments.
It was found that helium atoms injected at low temperatures into the matrix
could form bubbles at higher temperatures. A theoretical model describing
the process has also been evolved.
The infra-red absorption properties of neutron irradiated quartz have been
studied and compared with those of unirradiated quartz with a view to
determining the defect structure produced during irradiation. The damage
produced in some semiconducting and ionic crystals by kilovolt ions is also
being studied from the same viewpoint.
In the work on the superconducting properties of short specimens of
niobium-titanium wires prepared by the Metallurgy Division at Trombay,
it has now been possible to identify the composition and fabrication
procedure which is capable of giving short samples with technical
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characteristics close to that of commercial samples available abroad.
Through these studies it is hoped to establish shortly the compiete route
for fabricating long lengths of superconducting magnet wires.
A Mössbauer spectrometer operating in a constant acceleration method has
been set up and is being equipped for studying carbon diffusion in steels.
Experimental equipment for studying positron annihilation life-time and
angular correlation of the annihilation radiation has been set up for studying,
in the first instance, the nature of defects produced in irradiation and in
quenching. A special chamber has also been built for carrying out in-situ
annihilation experiments on samples to be irradiated at the Variable Energy
Cyclotron, Calcutta.
The power supply system has been completed as also the various parts of
the ion source for a 20 kilovolt duo plasmatron ion source. Vacuum testing,
of Che main chamber and the assembly are in progress. A facility has
also been set up to prepare very thin foils with jet polishing for electron
microscopy studies.
On the theoretical side, a fundamental approach based on master equation
is being evolved to study the growth of defect clusters during quenching
and irradiation. Some numerical results already obtained compare favourably
with experiments. Work is in progress on the theoretical formulation of
radiation creep. In particular, the contribution of vacancy loops to irradiation
creep in stainless steel has been computed. An important advance in the
theory of mechanical relaxation was made by applying, for the first time, the
principles of statistical mechanics to the problem of an elastic creep. It is
now possible to reproduce the well known results such as that for Snoek
relaxation ; also, it appears possible to tackle problems like Zener relaxation
in concentrated alloys, a problem that has so far defied theoretical analysis.
Metallurgy. A programme is underway to obtain long term data on properties
at a wider range of temperatures over and above the limited test data
supplied by the manufacturers of various materials for FBTR, thus providing
data for the designer to ensure that the materials satisfy the design criteria,
and also generating the base line data against which deterioration in the
properties of these materials due to irradiation and sodium environment in
the reactor could be ascertained.
A metallographic method for evaluating delta ferrite content in stainless steel
welds was standardised during the year. An electro-chemical method in
which austenite is selectively dissolved leaving ferrite as a residue for gravimetric estimation has also been developed.
Other R & D programmes currently being pursued Include sodium corrosion
studies in a thermal convection loop, studies on the efficiency of creep
rupture parameters, corrosion studies on ion implanted materials, stress
corrosion studies on Inconel 600 and stainless steel 304 L in autoclaves,
studies on deformation dynamics and work hardening in FCC polycrystals,
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atmospheric corrosion studies on a number of ferrous materials, including
many materials used in FBTR and MAPP and studies on the effects of
cold work and grain size on the high temperature mechanical properties
(including creep) of austenitic stainless steels.
Two techniques for indirect measurement of temperatures in irradiation
experiments are being explored—the use of tempered hardness vs. temperating temperature relationship for En 52 steel, and the recovery of radiation
damage on post-irradiation annealing of SiC.
In the programme relating to design and development of new alloys with
improved mechanical and corrosion properties, strengthening by the
precipitation of the Laves phase Fe2 Ta in the alloys, Fe-1 Ta,—Fe-1-Ta-6
Cr and Fe-1 Ta-4A1 is being investigated.
Reprocessing. R & D activities on non-radioactive basis have been continued
for the development of solvent extraction equipments which include studies
on development of air pulsed mixer settlers, centrifugal contactors, dissolvers, mock-up studies for hot cells, dynamic studies on pulsed columns,
and studies on water treatment using nitric acid as régénérant.
Safety Research. Simulation experiments to understand the effect of sudden
shock waves in reactor accidents have been planned ; with the information
obtained on a few experiments conducted so far the instrumentation
required is being developed and improved scale models evolved. Experiments are being set up to study the mechanism and the effects of sudden
overheating of fuel pins simulated through high voltage discharges. Hazards
of sodium fires and the rsneration of aerosol during such fires are the
subject of an experimental programme.
On the theoretical aspect of shielding, the Anisotropie Source Flux Iteration
Technique (ASFIT) code developed for gamma and neutron transport in
one dimensional system has been extended to three dimensional cartesian
systems and also modified for multiplying and non-multiplying systems in
the nanosecond region.
Instrumentation. The area selected for emphasis at present are digital
electronics, control instrumentation and nuclear instrumentation. Facilities
have been established for fabrication of custom built instruments. A lock-in
amplifier for electrical resistivity measurements, a photon counting system
for a laser-Raman spectrometer, and a liquid level monitor with digital readout are some of the instruments built against specific users' requirements.
Capital Projects
The civil engineering work in various buildings of the Fast Breeder Test
Reactor complex is almost complete. The foundation for the exhaust stack
is ready. Raw materials required for the manufacture of various components
have been procured and sent to manufacturers in India. Since several
crucial and sophisticated components for the reactor, such as the reactor
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vessel, sodium circulating pumps, steam generator etc. are being manufactured in India for the first time, training programmes were arranged for the
manufacturers' technicians and engineers in the various units in France.
Manufacture of almost all the major items of the reactor has started. The
Bharat Heavy Electricals Ltd. is involved in the manufacture of the Reactor
Assembly, Intermediate Heat Exchanger, Steam Generator and the Turbogenerator. The manufacture of the Control Rod Drive Mechanism and the
Sodium Pumps has been entrusted to a private sector company. The
Electronics Corporation of India Ltd. has completed the Central Data
Processing System, units of which are undergoing acceptance tests.
The civil works associated with the reprocessing complt. of the Reprocessing Development Laboratory (RDL) are complete, except for the stack which
is under construction. The air-conditioning and ventilation system for the
laboratory is almost complete with most of the equipment installed. Fabrication of equipment for the process cells and waste vault is in progress.
Experimental work has commenced in many parts of the laboratory.
The construction of the Radio-Metallurgy Laboratory (RML), which
commenced in June 1975, has progressed to more than 60 per cent The
electron probe microanalyser and the remote controlled metallograph have
been installed and commissioned in temporary facilities.
Civil works pertaining to the Radio-Chemistry Laboratory have made
significant progress with most of the columns having come up nearly to
roof level, and the cell walls above plinth level. The Materials Science
Laboratory was completed during the year and is in operation.
Service Facilities. The 33 KV outdoor central switching station for interconnecting FBTR with MAPP was completed and pre-commissioning tests are
on. For the Central Water Chilling Plant, all the major equipments have been
received and installation of the equipments and of external chilled water
piping is in progress.
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Tata Institute of Fundamental Researdi
School of Mathematics
As in the previous years, the School of Mathematics was engaged in
research in almost all branches of pure mathematics. More than 60 research
papers were published or accepted for publication in standard journals.
Four volumes of Lecture Notes were published during the year:
"Lectures on the Finite element method" by Ph. Ciarlet; "Lectures on
Disintegration of measures" by L. Schwartz; "Lectures on Numerical
methods for time dependent equations—Applications to fluid flow problems,"
by P. Lascaux, and "Lectures on Deformations of singularities" by M. Artin.
School of Physics
A.

THEORETICAL PHYSICS

In Theoretical High Energy Physics investigations were carried out on a
large variety of topics. Work on exact results for hadronic reactions and
use of unitarity bounds in amplitude analysis was continued. High energy
upper bounds on the derivatives of elastic scattering amplitudes, lower
bounds on the slope parameter and upper bounds on the static structure
constants of nucléons in terms of photo-nucleon cross-sections were
derived. Rigorous sum rules on W W s-and p-wave scattering lengths and
bounds on scaling functions representing high energy elastic scattering were
established. A lower bound on the hadronic part of the muon magnetic
moment anomaly was derived and in this connection an analytic solution
was obtained for the most genera! Meiman problem. Upper and lower
bounds were derived on the isovector coupling constants of the hadronic
weak neutral current.
To account for the negative results of the machine searches for the Kolar
events (see page 20), models that could give cosmic ray neutrinos a great
advantage over machine neutrinos were presented, specially emphasizing
vacuum oscillations of the neutrinos.
Tests of the weak interaction theory concerning exclusive and inclusive
semileptonic and nonleptonic decays of the charmed hadrons were
proposed. AU (3) gauge model of weak and electromagnetic interactions
employing six flavours of quarks and six lepton-types was proposed and
weak neutral current phenomena studied on its basis. An exact solution
was found to the two-dimensional quantum chromodynamics of massless
quarks and bluons, from which follows rigorously the confinement of quarks
and coloured quark composites.
New sum-rules for the polarized deep inelastic neutrino-nucleon crosssections were derived by applying the Melosh transformation to matrix
elements of local currents and of lo?al limits of the first derivatives of
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bilocal currents. An investigation was made of the failure of the Melosh
(free quark) transformation as applied to unpolarized matrix elements of
bilocal currents by expanding the latter in terms of local currents and their
derivatives, and as a result it was found that the application of the trans- formation is reliable upto the second derivative and correspondingly
new sum-rules were derived for the spin-dependent case. Vector meson
states in the cjq excitation spectrum were studied, along with the interrelation between meson spectra. Elimination of inclusive Y production
as the cause of rise in R between 3 . 5 and 4 Ge V was carried out. The
observed breaking of SU (3) symmetry in J / T decays was explained
dynamically through the unitarity corrections to the Okubo-Zweig-lizuka
rule. The partial decay widths of the *P and the T ' were qualitatively
described in terms of a dual S-matrix model for Zweig suppression. The
radiative widths and photoproduction cross-sections of these as well as
the old vector mesons | , <a, <j> were analysed in terms of the
vector-dominance model, parametrising the departures from the standard
form of the model in terms of the ranges of extrapolations involved. This
parametrization is being used to estimate the electro-production crosssection of the *F, from which a lower bound on the electroproduction
cross-section of charmed particles will be found and compared with
dimuon and trimuon states in ft p scattering to test if the latter can be
accounted for by charmed particle decays. It was proved, in the framework
of dual models, that unitarity requires a massless pion to have the Lorentz
quantum number M = 0 , thereby resolving a longstanding problem in the
Lorentz-pole classification of the pion. Observed features of prompt lepton
production in hadron collisions were explained in a cluster production model,
wherein the clusters (£-like objects) have a continuum distribution
(peaked around 300 MeV) in mass and a small branching ratio for decay into
leptons. Using Glauber's theory of Eikonal approximation, an algebraic
representation of the broken Zweig rule was obtained in the constituent
quark model and U was pointed out that the exotic currents which break
Zweig rule can have canonical dimension.
An investigation was carried out on distinguishing between non-gauge and
gauge theories in time-like and space-like regions for experimentally
available momentum ranges; experimental scale breaking pattern seems to
favour an asymptotically free theory, assuming the validity of the GribovLipatov relation. Phenomenological usage of the recently proposed nonasymptotic scaling variable for various hadron and lepton induced reactions are under investigation. A review project has been undertaken
to update the Regge analyses of multiparticle reactions, using the enormously improved data obtained in the past couple of years from the second
generation experiments at CERN-ISR and FNAL
In Theoretical Nuclear Physics recent advance in heavy-ion reactions
have revived interest in the hydrodynamic model of the nucleus, in particular,
in nuclear viscosity. A microscopic model of viscosity has been formulated
within the framework of the linear response theory. Also, hydrodynamic
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flow equations have been derived starting from the nuclear Hamiltonian and
using quantum mechanical distribution function. In the problem of dense
nuclear matter the role of nonlinear sealer interactions in producing the
stability of such a system has been studied.
Hartree-Fock calculations in the middle of the 2s Id shell suggest a TwoDeterminantal Intrinsic state. The validity of this Two-Determinantal selfconsistent approximation has been established within the framework of the
many body model Hamiltonian of Lipkin, Meshkov & Glick. The success of
this model calculation has encouraged the application of this method to real
nuclei. In this connection, a procedure to construct self-consistent singleparticle Hamiltonians for Multi-determinantal-Multiple-basis wave functions,
has been developed. Using these self-consistent Hamiltonians the TwoDeterminantal Self-consistency problem is being studied at present.
The phenomenological analysis of the effective two body interactions gives a
monopole-monopole force, ordinarily not present in the bare nuclear force.
Calculations are in progress to relate it to the three body force. Some
recent calculations emphasize the deficiency of the short range part of the
nuclear force. Calculations are in progress to get a better estimate for
the hard core part of the force in different regions.
The realistic matrix ensembles give rise to a new form of level density.
Using the parametric differentiation formalism, an expression for the
transmission coefficient is derived. It is shown that under certain conditions
it reduces to the samo form as that given by Wigner's distribution.
In the study of many nuclear systems a simple approximation for the projection of angular momentum states is considered. Preliminary results
show that the matrix elements of operators like J - can be expressed in
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terms of J ^ with accuracy which is far better than the so called Gaussian
approximation which has existed in the literature for quite some time.
Further investigations along similar lines are continuing.
In Statistical Mechanics and Solid State Theory, the work on the microscopic
quantum hydrodynamics, developed here, was continued with special
emphasis on the role of critical velocity in superfluid Helium. The nature
of elementary excitations and their interactions in semi-infinite Bose
systems were also investigated using the coherent state representation of
Bose fields. With an active collaboration between our group and the
experimental ultrasonics group, a consistent theoretical picture is being
developed using modified Blinc-deGennes model to understand experimental
results for static and dynamical properties of KDP-type crystals near the
ferro-electric phase transition. A self-consistent calculation has been made
to determine the complete residual Landau-interaction functions for electrons
in the homogeneous electron gas. The possibility of exciton-mechanism for
superconductivity in spherical metallic systems in a semiconductor matrix
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is being investigated. Such an analysis is of immediate experimental
interest. Also, recently an approximate analytical solution for the wellknown problem of spherical implosion of coalesced weak shocks in an ideal
gas or a plasma has been obtained. It should be useful in the analysis of
thermonuclear fusion, involving inertial confinement.
In Theoretical Astrophysics Group, the following problems were investigated :
Cosmology—The statistical analysis of radio source data in the context of
steady state vs. evolutionary cosmological models; the role of the intergalactic dust on cosmological observations; the nature of space-time
singularity. Relativistic astrophysics—The nature of the redshifts of quasi stellar objects ; the behaviour of tachyons in black and white holes. Solar
Physics—Neutrino problem; granulation, supergranulation and giant cells;
oscillatory velocity fields. Neutron Stars—The equation of state at high
density and high temperature. Comets—Spectroscopic and dust problems.
Infrared astronomy—Mechanism of origin of infrared radiation.
B.

EXPERIMENTAL PHYSICS

Nuclear Reaction studies have been continued using the Van de Graaff
machine and the reactors at BARC. Experiments are in progress, using
plastic track detectors, to determine the alpha particle widths in (n, a)
reactions at thermal and keV neutron energies. The nature of compound
nuclear resonances below the isobaric analogue resonances have been
investigated using the (p. A) reaction in 72Ge.
Investigation of the 81Kr nucleus by in-beam studies through the 81Br
(p, n A e~) 81Kr reaction in the Van de Graff machine is in progress. Possible
nuclear structure effects in internal conversion in odd A nuclei are being
investigated through conversion electron-gamma angular correlation
method. Perturbed angular correlation studies are being performed in some
Ag and Hf compounds to look for cases where the quadrupole interaction
is weak. Such cases will be eventually used for magnetic decoupling
experiments.
Study of inner shell vacancy production of atoms through the observation
of characteristic and non-characteristic X-rays when bombarded by 30 keV
Ar ions is in progress.
Lithium drifted silicon detectors of grooved configuration and of dimension
1 cm2 x 4 . 5 mm have been fabricated. The energy resolution obtained is
500 eV for 6 . 4 keV Fe X-rays.
A solenoidal magnetic spectrometer for conversion electrons to be studied
in (« ,xn) reaction with the VEC is under construction.
Nuclear Spectroseopy Group: A versatile ion beam facility of variable energy
upto 450 keV providing mass-separated ions of mass 1 to 250 AMU is
under construction. The ion source, the extraction system and the Einzel
lens, the analysing magnet and the high voltage dome have already been
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constructed, tested and found to give satisfactory performance. All the
electronic equipment necessary for these parts have also been built.
Setting up of the post-acceleration system is in progress.
A high resolution magnetic spectrometer has been constructed for X-ray
photo-electron spectroscopy. The instrument has been tested with various
samples and the performance is found to be upto the design specifications.
Perturbed angular correlation and Mössbauer techniques have been
employed for the study of hyperfine interactions. Magnetic fields at Ru
impurity and Sn sites in Heusler alloys RH 2 Mn Sn and Pt MnSb have been
measured. Quadrupole interactions of "Ru in Zin, Cd and Sn lattices along
with the temperature dependence and of m T a in Zin and CdHfO3 have
also been studied. The quadrupole interactions of 1S3Cs in various compounds of Barium have been investigated and similar studies with Mo are
in progress. Mössbauer studies involving liquid crystals are also planned.
The impact parameter dependence of Uranium M-shell X-rays in UO2
crystals are carried out at the Van de Graaff accelerator at the BARC at
Trombay. This study, involving channelling of charged particle, is expected
to yield valuable information in respect of the nuclear life-time measurements
by blocking technique. Some preliminary results have been obtained.
In Solid State Physics, the magnetic properties of the Heusler and the rare
earth alloys are being studied from 1.4°K to 500°K. Investigations on the
biophysical systems are being continued using the pulsed-NMR techniques.
Precision Mössbauer measurements have indicated, presumably for the first
time, nonsaturated hyperfine field in ultrafine particulate matter. For phase
transition, pseudo spin model is being examined experimentally (dielectric
and ultrasonic measurements) and theoretically for order-disorder type
of ferroelectrics. Some changes in the model have been introduced to
explain the static properties near phase transition, like specific heat,
dielectric properties, transition entropy etc. in KH2PO4 type materials.
Rayleigh wave propagation and sound absorption in super conductors is
currently under investigation.
Effect of an electric field (50 Hz a.c, d.c. or pulsating) of the order of
3 . 6 kV/cm., applied during the annealing of Ga â 0 3 -50 mol. % Fe»O3
sample, has been studied on Fe3+Mössbauer line shapes. Theoretical
investigations have been made (using Kubo-Anderson Stochastic model)
and a completely new experiment, Microwave-Optical-Perturbed Angular
Correlation (MOPAC)—has been proposed for the ôtudy of ionic spin
fluctuation (individual or collective) phenomena when the ionic spin is in the
excited state. A 512 channel data acquisition system (using counter-decoder
to control machine cycle) has been designed specifically to suit the dsio
acquisition needs of experiments like Mössbauer and ESCA.
For the study of electron moment density distribution in metals, the Positron
Angular Correlation set-up is being constructed. The mechanical parts along
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with the drive mechanism for changing the angle in steps of milliradians
have been completed. The electronics for the detectors is being built.
Order-disorder effects on the magnetic properties'of (NiFe)i_x Mnx and
Nix Aui-x systems is under study by Mössbauer spectroscopy. Electrical
resistivity of Au Fe alloy (700 ppm Fe) between 1.1 K and 14 K have been
measured with a view to understand the behaviour of magnetic impurity.
The electrical resistivity of Ni alloys with Fe, Cr and Cu (with 52, 20 and
55 at % resp.) and Co49 Fe61 alloy have been studied between 300 K and
900 K giving information about spin disorder effects. Thermometric characteristics of some Speer Carbon resistors have been studied between
1.1 K and 4.2 K. A Hes/He* dilution refrigerator of large cooling power,
capable of generating stationary minimum temperature of 20 mK is being
installed. This will be used to study magnetic properties of dilute alloys at
very low temperatures.
The Rock Magnetism group has further improved the high field hysteresis
loop tracer so that it could be used to study the properties of high coercive
force materials. A portable instrument for detecting the presence of fine
particles (superparamagnetic) in basalts has been developed.
In Chemical Physics, quantum mechanical studies were continued on the
structure and function of the following biologically important molecules;
lipids, azanucleosides and nucleoside antibiotics. It is planned to undertake
similar studies on terminal aminoacyl moiety of t-RNA. The formation of
excited triplet state in high yields during electron transfer reaction between
9, 10-diphenylanthracene cation and anion has been demonstrated by the
observation of Ta-*!*! emission in the near infrared region. Inclusion
of the formation of the second triplet state in the electrochemi-luminescence
efficiency calculations using IvWcus theory of electron transfer reaction
gives a clo^e agreement with the experimentally measured values. Experiments are in progress for monitoring the photocurrents using semiconductor
electrodes and a pulssd nitrogen laser source. Magnetic field perturbation
on charge transfer processes are being investigated with interferometric
techniques. Magnetic studies on ferric dithiocarbamates have yielded
interesting results and the study on iron (III) and manganese (III) porphyrins
has been initiated. A Faraday type equipment set up for the measurement of
magnetic susceptibility is very useful for small samples (10-20 mgms)
and can measure changes in force as small as 10~s gmf.
Ferro-electric transitions have been studied utilizing electron spin resonance
and the accurate measurement of g-values as a function of temperature and
solvents (including mixed solvents) have thrown additional light on the
nature of motions of free radicals which were elucidated earlier by spinlattice relaxation measurements. Mixed transition metals complexes of
thiopicoiine anilate, dithiocarbamates and xanthates are being investigated
using electron spin resonance. Rectangular pulse-variations of magnetic
fields upto 4 gauss with rise and fall times of the order of 0.1/*s have been
utilized for carrying out pulsed electron-electron double resonance spectros92
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copy and the development of triangular sweep of 4 gauss in 20jus has been
utilized for rapid scan electron spin resonance. Temperature-jump techniques
are being utilized for the study of fast reactions in aqueous media to get a
better understanding of the processes taking place at the molecular level.
It has been established that aliphatic acids accelerate the water displacement
step in the formation ov ferric complexes.
T-jump studies have established the presence of monomer-dimer
equilibrium of Mn(lll) porphyrin in aqueous solutions even when one of
the axial positions is occupied by an imidazole. Further, addition of
imidazole leads to ligand-favoured monomerization and subsequent formation of 1:2 complex. In Lysozyme the results of T-jump studies indicate
that the regions outside the cleft are important in the lysis of cell walls and
probably an ordered arrangement of water molecules is responsible for the
lysis at pH above 7. From the observed microwave spectra of 3-bromopyridine the rotational constants and the quadruple-coupling constants of
the Bromine nucleus have been calculated. Fabrication of instrumentation
for zero-field EPR studies and for investigating the microwave spectrum
of transient species has been initiated.
In Low Temperature Physics, co-operative phenomena in liquids and solids
continues to be the main area of interest. In electrical resistivity experiments
Ohms law has been obsea'ed to be obeyed to bette: than 10% at current
densities of 106 amps cm-2. In novel thin-film super conducting bridge
self-heating effects have been observed that dominate the gross electrical
behaviour of thin film super conductors.
A noteworthy achievement has been the successful design and construction
of a nanowatt a.c. phase sensitive potentiometric bridge. Interdepartmental
collaborative work is being continued on a 3He/*He dilution refrigerator, a
nuclear adiabatic demagnetisation stage, a pulsed NMR thermometer and
on the theoretical formulation of the problems of high temperature superconductivity and Cerenkov phonons in a metal. A collaboration on experimental low temperature physics with the IPP, Moscow, USSR has also
been initiated.
X-Ray, Gamma Ray Astronomy: An extensive X-ray and Gamma ray
astronomy programme using rocket borne and balloon borne payloads has
been pursued during the reporting year.
A large area X-ray detector to study X-ray background and point sources
in 0.19 KeV to 5 KeV was successfully launched on a Centaure rocket from
TERLS, Trivandrum. The data analysis is in progress. Further, new rocket
experiments with more sensitive detectors are planned.
A balloon experiment using low background Nal(TI)/Csl(TI) phoswitch
detector system to study point sources (particularly Her X-l pulsating
binary source) is ready for balloon flight. This is a collaboration experiment
with the University of Calgary, Canada.
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Another balloon experiment using large area low background xenon filled
proportional counter system is in advanced state of development.
A large area (I sq. m.) plastic scintillator detector system for Gamma Ra/
Burst detection at balloon altitudes has been flight tested and is ready for
further balloon flights. The experiment having sensitivity of »bout 1O-7
ergs/cm2 could provide interesting information on size spectrum of Gamma
Ray Bursts.
TIFR All Sky X-ray Monitor experiment using position sensitive proportional
counters has been accepted for second Indian satellite scheduled for launch
in April 1978. The work on this experiment being done in collaboration
with the Space Applications Centre, Ahmedabad is on schedule.
Indo-Soviet collaborative balloon experiments in high energy gamma ray
astronomy using spark chamber detector system will be ready for launch
next year.
The analysis from the TIFR experiment on 'Aryabhata' satellite has been
completed. New interesting results on neutron albedo flux in space and on
cosmic gamma ray background have been obtained and published in
Pramana, Volume 7, No. 5, page 355, November 1976.
Low Energy Cosmic Ray Studies Using Skylab Detectors: Detailed study
of tracks produced by low energy cosmic ray nuclei in plastic detectors
exposed to cosmic rays have revealed some interesting features that have
not been observed in high energy cosmic rays. It was found that low energy
cosmic ray nuclei like oxygen are partially ionised. The relative abundance
of nuclei from calcium to chromium (with respect to iron) was highly
enriched compared to high energy cosmic rays. These observations point
to a distinctly different source for these low energy cosmic rays. The origin
of the new component of low cosmic ray nuclei was investigated in detail.
The charge states of these ions have been calculated assuming they are
coming from nsarby novae explosions.
A proposal to determine the charge state of cosmic ray nuclei has been
made to NASA using the first Spacelab Mission with Space Shuttle. A
proposal has also been made to study very heavy and ultra heavy cosmic
ray nuclei using the Long Duration Exposure Facility with space shuttle.
Detailed designs of the detector system have been made.
Stacks of emulsion and plastic detectors have been exposed to cosmic rays
from Hyderabad using a high altitude balloon flight. This stack contains
some sensitive plastic detectors which will be used in detecting relativistic
iron nuclei using ultraviolet sensitisation techniques.
Study of Solar Particle Events: The experimental work on the two solar
events of January 24,1971 and September 1,1971 provided the first results
about the abundance of elements, O, Ne, Mg and Si in the 4-20 MeV/n
energy region in Solar Cosmic Rays. An increase in the relative abundances
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of Ne, Mg and Si with respect to oxygen with decreasing energy in the 5-20
MeV/nucleon range as against a flat behaviour at higher energies was
observed. Particles of energies greater than 20 MeV/nucI is believed to
represent the solar photospheric composition. This observed increase at
low energy is examined in terms of various atomic properties of elements.
The enhancements of 0 and Ne-nuclei with respect to He-nuclei were also
studied for the January 24,1971 event by measuring the fluxes of He-nuclei
in the low energy region. This study is of significance in the understanding
of the energetic processes taking place during solar flares.
In the area of Infrared Astronomy, further flights are scheduled to be made
with a 30 cm telescope for observations in 50/x—250/* wavelength band.
Work is continuing on the fabrication of a 75 cm aperture telescope. A
laboratory for I. R. spectrometer has been installed and a low resolution
liquid helium cooled grating spectrometer is being made for observations
from baiijon-borne telescopes.
The Extensive Air Shower array: now in operation in Kolar Gold Fields is
one of the first of the most comprehensive arrays that are coming up in the
world for recording showers of small size ( > 5 x 10 3 particles). The array
was specifically designed to locate the cores of showers of size as small
as 10* particles to an accuracy of 1 rn. A neon flash tube telescope of area
2 m 2 and height 2.25 m located at 305 m. underground and operating in
conjunction with the air shower array on the surface, enables us to determine
the location on the surface of the point of impact cf muons of energy>
220 GeV to a similar accuracy. The basic aim of the experiment is to obtain
information on the transverse momentum distribution of secondary particles
produced in ultra-high energy interactions ( > 1 0 " eV), which can be
derived from the experimentally obtained lateral distribution function of
ihese energetic muons.
The array consists of 73 scintillation detectors, out of which 43 detectors,
each of 2 . 2 5 m2. are clustered within a circle of radius 2 0 m and the
remaining 30, each of area 1 ms, are spread out upto 100 m. 55 out of the
73 detectors are now operational. Five fast-timing liquid scintillation detectors
which were commissioned this year, yield information on the angle of arrival
of individual showers to an accuracy of%:5°. Additionally 4 scintillation
detectors, each of area 2.25 m*, under 3 . 0 4 m. of granite stack have been
commissioned to record muons of energy> 1 GeV in air showers. An online computer system records the momentary influx of the large amount of
data from, all these detectors when an airshower is incident. This system
also monitors and calibrates all the detectors continuously.
About 1500 showers, in association with a muon in the telescope underground, apart from several thousand unassociated showers, have been
collected so far. The showers are processed on the CDC-3600 computer.
75 out of the 1500 showers have been selected as suitable for further
analysis. Preliminary analysis of the data indicates a tendency for the
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lateral distribution of muons of energy > 220 GeV in showers of size
2 x 10* particles (corresponding to a primary energy of « 1 0 " eV) to
become flatter at distances > 30 m from the core. This tendency, if confirmed
by improved statistics, might imply that the increase, with energy, of crosssection at large pi-values seen at accelerator energies, continues upto
air shower energies and might occur even at smaller pt-values, thereby
increasing the average value of pt. Monte-Carlo simulation of air showers,
now in progress, using interaction parameters obtained at accelerator
energies, will tell us the lateral distribution to be expected. Comparison of
the simulation calculations with statistically improved experimental data
will give a definite answer.
At Ootacamund a major effort is being put into setting up an experiment
to detect gamma rays with energies greater than 100 GeV from various
celestial objects such as pulsars. The electromagnetic cascades initiated
by such gamma rays will generate Cerenkov radiation in terrestrial
atmosphere. The low intensity Cerenkov radiation is focussed by twelve
90 cm diameter mirrors on to 12 fast photomultipliers, signals from which
are subsequently processed electronically. All the 12 mirrors are driven
synchronously, both in right ascension as well as in declination by pulses
from a precision timer. Times of occurrences of events are recorded to an
accuracy of 100 microseconds. Very accurate time keeping is achieved
by telephonic transmission of time signals from the Rubidium atomic clock
(accurate to a few parts in 100 billion) located at Radio Astronomy Centre
ten kilometers away. This technique allows one to carry the phase of pulsar
gamma ray emission from one observation to another spaced by time
intervals as large as ssveral months. The experiment is expected to be
operational shortly. In addition, a multi-event recording system capable of
recording inter-event time differences to an accuracy of a microsecond for a
series of 11 events has been set up. This will be used to record Extensive
Air Shower/Gamma Ray Bursts occurring within short time intervals, down
to a millisecond.
Another experiment being set up in Ooty laboratory aims to search for
production of new types of very massive strongly interacting particles at
super high energies. Thin large area scintillator detector system to be used
inside the large multiplate cloud chamber and nanosecond electronics
are being developed for this experiment, which is expected to be operational
by June 1977.
The TIFR-Osaka City University collaboration experiments, which provided
evidence for new particles with unusual features such as long life time
{ T > 1 0 9 sec) and heavy mass ( > 2 GeV), are being continued in the
Kolar Gold mines. A new detector has been recently installed at a depth of
3600 feet with the specific aim of consolidating this new panicle observation with more data of a higher quality. This detector has a total volume of
36 m3and comprises 128 proportional counters (each of size 1 0 x 1 0 x 4 0 0
cms), about 10,000 neon flash tubes and 40 tonnes of iron and lead. ît is
estimated that the rate of data collection will be nearly double compared
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to any of the earlier observations and confirmatory evidence should be
available within a few years of operation.
Important results have been obtained from two experiments conducted at
depths of 1087.2 m. and 1963 m. on the charge ratio of muons with energies
> 2000 GeV and on the energy spectrum of muons upto about 50,000 GeV
The question of validity of scaling model in very high energy nuclear
collisions is now under study in the context of these observations.
In Radio Astronomy new data on the angular sizes of weak extragalactic
radio sources, obtained from occultation observations using the Ooty
Radio Telescope, were used to confirm the earlier Ooty results on the flux
density-angular size distribution of extragalactic radio sources. These studies
have provided independent evidence for the evolutionary model of the
Universe.
Brightness profiles of several powerful radio galaxies and quasars from the
3C catalogue were determined using occultation observations made at
Ooty at 327 MHz. A comparison of these with recent Cambridge and
Westerbork maps at Centimeter wavelengths have enabled for the first time
reliable estimates of relative spectra of compact and extended components
of radio sources. It has been shown that apart from adiabatic and radiative
losses, particles within the extended regions of a radio source may also
be subject to some energy-gain processes.
The Ooty radio teiescope is being used to observe interstsüar scintillation
of 20 pulsars from which information is being obtained on interstellar
medium and intrinsic modulations of pulsar intensity. Two dimensional
structures with resolution of about 0.1 arc. sec were obtained for the compact
scintillating components of 23 extragalactic sources by using the method
of interplanetary scintillation. In several cases, the scintillating component
is found to be elliptical and aligned with the major axis of the source.
Radio observations of the flare stars YZ Canis Minons at 327 MHz were
made using the Ooty radio teiescope as part of the NASA sponsored, coordinated observations of the star at radio optical and X-ray wave-length.
A few minor flares were recorded. All the data collected seem to suggest
that the contribution of UV Cetitype flare stars to the galactic component
of diffuse soft X-ray background is less than 3%. Low noise R. F. amplifiers
and low loss diode phase-shifters at 327 MHz have been developed. These
will soon be incorporated in the receiver system and the dipole array of
the Ooty radio telescope to increase the sensitivity of the telescope by a
factor of 4 which is a major improvement
In Hydrology, radon measurement of air samples method has been improved
for studying the monsoon circulation. Hydrological and basic studies of
hot water springs has also been taken up.
Studies in the area of High Energy Physics were continued through the us9
of Bubble Chamber Technique. An interesting dip-bump structure has been
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observed for the first time in the differential cross-section of the elastic
scattering of antiprotons (p) on protons (p) at a momentum of 0 . 7 5
GeV/c. The Group has made another interesting observation. A careful
search for the resonance F l (1540) in pp annihilations at 0.75 GeV/c has
not confirmed this structure which was earlier reported at 0 . 7 0 GeV/c.
This has been interpreted as indicating the existence of a new narrow
resonance Gx with mass and width ~ 1990 MeV and ,5; 10 MeV respectivelyUsing a Bubble Chamber with a track-sensitive-hydrogen-target exposed
to a beam of antiprotons at 2 GeV/c, the Group is also investigating (i) pp
annihilations with special emphasis on the production of two or more
neutral pions and (ii) direct lepton production.
The Solid State Electronics Group is involved in advanced research and
development work in the area of solid state devices and materials. In the
applied area of devices, the projects funded by the Electronics Commission
namely, development of high power PIN diodes for radar phase shifter
applications and computer aided design for realisation of large scale
integrated circuits are in various stages of completion. With regard
to PIN diodes, the group is actively working with Bharat Electronics'
technical personnel in evaluating alt the necessaiy technical parameters for
final acceptance. The Schottky Barrier diodes for microwave mixer applications are regularly being supplied to different Defence agencies and others.
The main hardware for the stand-alone computer-aided design system is
being successfully run. This system will start operating within a couple of
months. Apart from these two projects from the Electronics Commission, the
V/UHF thin film modules for low noise front end amplifier and power
amplifier for airborne communication sets are under development This
development is based on the latest state-of-the-art methods currently
adopted, namely, thin film technology.
The P-channel metal gate process for realising low cost LSI circuits has
been developed and evaluation of individual cells is in progress. The work
on growth, morphology and physical characteristics of polycrystalline
deposition from silane has been taken up with the help of a new epitaxial
reactor. Simultaneously, the work on liquid phase epitaxy of gallium
arsenide crystals, is being continued. Fundamental studies of A. C. conductivity of amorphous semiconductor films are studied and the studies have
resulted in a further understanding of the basic conduction mechanisms in
amorphous structures.
The facilities in the laboratory have been updated with the provision of new
diffusion furnaces, evaporation unit, ion implantation unit, epitaxial reactor
and ultra pure water and gas facilities. With these facilities, new devices are
possible and efforts are being made to understand some of the physical
limitations of these devices.
In Computer Research end Development, speech and language behaviour
studies are being continued. In speech, as part of a proposed consolidated
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speech communication system a versatile scheme for automatic extraction
of the relevant speech parameters has been implemented. Apart from use in
speech recognition work, parameter values so extracted are expected to be
of use in improving quality of computer synthesised speech. Automatic
segmentation and recognition of continuous speech are in the final stage
of implementation.
NATIONAL CENTRE FOR SOFTWARE DEVELOPMENT AND COMPUTING
TECHNIQUES (NCSDCT) : The main areas of activity of the NCSDCT
have been (i) Computer Centre: The DEC System 1077 has been in use by
staff of the NCSDCT and external users and is operational for 24 hours with
operator coverage for two shifts. Several organizations with large and
significant jobs have been using the system in batch and time-sharing mode«
Staff at the Centre have been adding to the software available and, through
consultancy and lectures and literature have been explaining the use of the
software to users, (ii) Advanced. Courses: An advanced course on
"Computer Graphics and Computer-Aided Design" was held in early 1976
and widely attended. Lecture notes from this course are being prepared fo r
publication. The third advanced course on "Computer Networks" was held
in January, 1977. (iii) Technology Development: A package for photctypesetting was released for use in the printing industry and is being used
for commercial book production. A POP-2 compiler and general purpose
graphics software have been completed. A 10-minute colour fun is being
made to educate design groups on the potentials of computer-aided design
involving interactive graphics. Further work is in progress on the development of special packages and programming systems for linear programming,
translator generation, picture processing, and the design of mechanical
objects. A computer-controlled model making machine is under fabrication,
(iv) Projects: The Close-Coupled Computer Network using the ECEL
TDC-316 computers is making good progress. The hardware for this system
is under final test and work is at an advanced stage in the development of the
software. The Remote Station, located at VJTI, Matunga, based on a
TDC-316 system and linked to the DEC-1077 system by telephone lines is
expected to be fully operational shortly.
In the Molecular Biology Group, development and differentiation of plants
is being investigated. The object of these studies is to understand the
mechanism of cell differentiation. The protonema of the moss Funaria has
been chosen as model system because of its extreme simplicity. The
protonema consists of only 3 types of cells—chloronema cells, caulonema
cells and bud initials. The differentiation of each cell type was found to be
regulated by several hormones; some of these hormones enchance
differentiation while others inhibit it. The ratio of promotory to inhibitory
substances ultimately determines the differentiation of the three cell types.
It was found that cyclic (Adenosine Mono Phosphate) initiates the
formation of chloronema cells. So far thi9 compound is known to occur and
function only in animals and bacteria. A mutant in which chloronema
differentiation is partially blocked was isolated. A study of the properties
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of this mutant has provided evidence for the key role played by cyclic A M ?
in the differentiation of chloronema cells.
In the area of Dental Research a large scale epidemiologicai study on oral
cancer and precancerous lesions in different parts of India is in progress.
The eighth follow-up of 10,000 individuals has been completed in the
Ernakulam district of Kerala. A complete follow-up in Srikakulam district,
Andhra Pradesh and Bhavnagar district, Gujarat, is in progress. Complete
follow-ups in Darbhanga and Singhbhum districts of Bihar will be started
soon. A fifteen year follow-up of Bombay policemen is complete and data
are being analysed. The second follow-up of lesion and control cases in
Ambegaon and Junnar Taluks of Pune district is in progress. A Spanish
translation of the TIFR monograph on Early Detection of Oral Cancer and
Precancerous Lesions has been published by PAHO with the collaboration
of the institute. The computerisation of the mass data is in progress using
the facilities at the Computer Section of the Institute and the NCSDCT.
The Horn/' Bhabha Centre for Science Education: The Centre conducts
research in curriculum development and other areas in science education
.such as methods of evaluating teacher performance and behaviour, role
of language in concept formation, use of computer in education etc. The
curriculum research project launched in Jalgaon district is now showing
measurable success. Four teachers' guides, a book on interesting experiments and a book on conducting oral examinations in schools haves come
out of the project. The Centre has also produced nearly 300 educational
slides and has contributed sixty programmes to the Satellite Instructional
Television Experiment. The question-answer feature run by the Centre in
"KISHOR", a childrens' magazine published by the Bureau of Text-book
Production, has become very popular. More than a thousand questions
have been answered so far, either through the feature or directly by post.
The Centre is conducting a statewide survey of all the secondary schools
and of science/mathematics teachers in the State of Maharashtra, in
collaboration with the State Institute of Education, Government of
Maharashtra. This survey is the first of its kind in India. A new curriculum
development project for high schools has also been launched in collaboration
with the Bombay Municipal Corporation covering fifty high schools. The
Centre has instituted fellowships available to practicing school teachers
and young science graduates desirous of conducting research in science
education.
Research Facilities: The Computer Centre is operating with an useful
computation time 22 hours per day on all working days without any serious
interruption. On certain occasions a single job has been run for 30 to 40
hours continuously without any error. The new operating system. Disk
Scope, is now in continuous use. It is being augmented to enable an
authorised user to save files, which are compiled versions of source programmes for later runs.
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The National Balloon Facility at Hyderabad, has continued production of
large volume taped polyethylene balloons for experiments in Space Physics
and Astronomy. During the year under report two balloon flights were made
for experiments on the detection of gamma ray burst and one for the
detection of heavy primaries using emulsion stacks. A series of eight flights
have been made to determine the wind pattern upto 38 kms. at various
times of the year for planning future experiments.
The Balloon Facility, in collaboration with the Space Applications Centre,
Ahmedabad, has continued the developmental work on tethered balloons.
A 250 eu. m. Kytoon has been successfully tested upto an altitude of 1.5 km
with a payload of 50 kg.
The Low Temperature Facility, successfully continues to produce 1600 litres
of liquid nitrogen and 35 liquid litres of 4He every week with up-times in
excess of 50%. Interdepartmentally the facility is continuing construction
of a prototype 3 He/ 4 He dilution refrigerator for temperatures in the tens of
mK region. A noteworthy addition to the facility is a second PLN430 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,
expected to be commissioned soon, the liquid nitrogen production is expected
to become more than twice and will increase very significantly the helium
liquefaction up-time.
In the Materials Laboratory, a new 'Sol-Gel' technique employing an oxide
or a hydroxide of a metal was developed. By this process free flowing thoria
spheres of closely controlled composition, size and shape suitable for
nuclear fuel were obtained. The technique was extended to produce
Chromatographie gamma-alumina of large surface area (-—260 M* gm-1)
which is superior to that available in the market.
In the Hot Laboratory, in order to confirm the findings obtained from positron
annihilation data and in order to correlate the radiation-induced changes in
molecular substances with the radicals produced on irradiating them by
gamma-rays, further studies were completed by taking ESR, NMR, and
measurements of dielectric constant and density. The effect of oxygen on
the positron life-time measurement was also studied by carrying out some
more irradiations in vacuum. Rate constants of ortho-phenanthroline and
its 2, 9-dimethyl analogue with hydrated electrons and hydroxy! radicals
were determined by competitive kinetics employing steady-state radiolysis.
Thin films of about 50 microns were prepared from cellulose nitrate for
charged particle track detection work. Attempt is being made to prepare
still thinner films ( < 5 0 fx) as these are not available commercially.
Spectrophotometric study of nickel adducts of 2-methyl and 4-methyl
analogues of 8-quinolinol with various heterocyclic bases in chloroform
was completed.
101

In addition, assistance was given to many groups in the Institute and outside
in the processing and purifying of radionuclides 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
IVi.Sc. and Ph.D. degree in Mathematics, Physics (Theoretical and
Experimental), Molecular Biology, Physical Chemistry and Computer
Science. 61 scientists of the Institute are recognised teachers of the
Bombay University for the Ph.D. degree and 13 for the M.Sc. degree.
During this year, 16 members obtained their Ph.D. while 1 obtained M.Sc.
degree on the basis of research carried out at the Institute. Thus far, a total
of 159 and 41 scientists have obtained their Ph.D. and M.Sc. degrees
respectively by research carried out at the Institute.
At the instance of the Institute, the University Grants Commission had
sponsored a sabbatical programme for college teachers in Physics from the
colleges affiliated to the University of Bombay. During the academic
years 1971-72 to 1975-76, twenty-eight teachers have taken advantage of
this programme. One of them has obtained the Ph.D. degree; two are
working towards a Ph.D. The UGC has now undertaken a more comprehensive Faculty Improvement Programme. Now that the sabbatical programme has already benefited 28 teachers from Bombay, the Institute has
decided to extend its facilities to teachers in the affiliated colleges on an allIndia basis under the same Programme.
The UGC sponsored Summer Institute in Mathematical Methods and
Classical Physics for Post-graduate college teachers was organised by the
Institute from May 3 to June 12, 1976.
Summer Programme for NSTS Scholars
As in the previous years the Summer Programme for the Post-graduate
NSTS Scholars was held at the Institute from May 10 to June 9,1976.
Winter School
A winter school in the ge;. ;ai area of 'High Energy Astrophysics' was held
at the Institute from January 5 to 16,1976. Prof. G. Ft. Burbidge, University
of California, San Diego, USA, Dr. (Miss) J. J. Petty, Max Planck Institute,
Munich, Prof. J . P. Ostriker, Princeton University, USA and Prof. G. T.
Zatsepin, P. N. Lebedev Physical Institute, Moscow, USSR, lectured at the
School
In recognition of their original contribution to the development of microwave
and solid state devices, which resulted in substantial import substitution,
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Shri R. V. S. Sitaram and Shri K. V. Ramanathan, Senior Research Scientists
were selected for the industrial research awards instituted by VMdhlaxi
Audyogik Samshodhan Vikas Kendra of Bombay. Or. P. V. S. Rao, Senior
Research Scientist in the Computer Group has been selected for the "Shri
Hari Om Ashram Prerit Dr. Vikram Sarabhai Research Award" for the "ear
1976 for his achievements in the field of Systems Analysis and Management
Problems. Dr. S. 6. Dani was awarded the Indian National Science Academy
Medal for young scientists for the year 1976.
Profs. 0. Siddiqi and M. S. Narasimhan were awarded the Shanti Swamp
Bhatnagar Prize for the year 1975. Prof. Siddiqi was given the award for
his work in the Biological Sciences while Prof. Narasimhan received it for
his contribution to Mathematics.
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The Saha Institua of Nude« Physics
In the Cyclic Accelerator Division, the external proton beam of the cyclotron
was used to study the energy levels of T C and 100TC. The technique of
Doppler shift attenuation method was employed to measure the life-times
of the energy levels in M Sr and 8?Sr after developing the necessary
computer code. Decays of 100Rh. 140Ba and 109Pd were used to study
the levels of 100Ru, 1M La, "°Ce and l w Ag.
A conversion electron spectrometer was developed using permanent
magnets and a cooled Si(Li) detector for in-beam conversion measurements.
The energy range that can be covered is 20 to 200 Kev with a resolution of
~ 5 Kev limited by the pre-amplifier.
Using the BARC Van de Graaff accelerator, levels of 107Cd and 109Cd
were studied by (p, n, y) reaction on silver at various proton energies.
Levels of 107Ag and 109Ag excited by 5 MeV protons were also studied
to determine B (E2) values.
In the Electrostatic Accelerator Division, nuclear spectroscopic researches
were done using the Cockcroft Walton Generator for producing the radioactive nuclei for studies. The decay of the 83 min 75Ge and the energy
levels and gamma transitions in 7SAs and also of the 284.3D 1M Ce and
the energy levels and gamma transitions in 1MPr were studied. In the 5 . 9 min
108
Rh, ten gamma-rays were identified and the cross-section of the
production of the isomer by (n, P) reaction on 108Pd were measured.
Work on the (n, y) reaction cross-sections at 14 MeV neutrons was
continued for resolving certain discrepancies existing in the literature.
A method was developed to measure very weak (one in a million) low
energy gamma ray, in the presence of an intense high energy gamma ray,
with a Ge(Li) X-ray detector. This was utilised to determine the intra-band
gamma transition in the two-phonon triplet in 108Pd. The sum technique
was used to measure very large (a K ~ 2G0) K-conversion coefficients.
Plastic alpha particle track detectors were developed for possible use in
(d, a) reaction work. The A E-E- telescopic system designed and
fabricated previously were tested for its particle identification characteristics,
by studying the 27AI (p, a) reaction with proton beams from the Van de
Graaff of BARC. The K-capture probability in the decay of "^Ag was
measured with a Ge(Li) X-ray detector.
Developmental work was carried out for the fabrication of several devices
and electronic circuits of desirable performance. A system of bunching
electrodes designed to bunch 10 keV deuteron bursts was constructed and
mounted with the beam chopping system for the C. W. Generator.
In the Nuclear Physics Division, in beta-gamma spectroscopy, calculations
of the structure of several odd-A Y and Nb isotopes were made in an
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unified vibrational model showing good agreement with experimental data.
A Ge(Li)—Nal(TI) y-y coincidence and angular correlation assembly
was set up achieving a time resolution of 2A = 1 5 ns.
In Solid State Physics, it was shown that the theory of application of nonperturbative many-body open-shell theory for atoms and molecules
developed earlier admits of simple extension to include model space
wave functions referring to different number of particles and through a
single calculation, the energies of a number of correlated states and first
ionisation potentials of transbutadiene were estimated.
In continuation of the work on magnetically concentrated systems, a study
was made of correlated effective field theory, and the formalism was
extended to cover the ordered phase in anti-ferromagnetism. The optical and
magnetic properties of d* ions in presence of crystal fields of D l h was
studied and the first order Jahn-Teller splitting due to strong electron-le*tice
coupling in the systems Cr2+ in KMgF3 and Cr2+ : MgO was studied.
A Green's function technique has been used to treat the statistics of a general
anti-ferromagnetic structure (four sub-lattice model) with arbitrary spin
value per site with Heisenberg exchange interaction between all pairs of
spins.
A many-body analysis of electro-magnetically excited nuclear magnetic
resonance in a spin \ system with a model spin-phonon inter-action was
completed to show that higher order resonances are not possible in the
case of electro-magnetic excitation whereas these exist for acoustic
excitation. The earlier work on the analysis of vibrational free energy in
anharmonic lattice was extended to linear monoatomic chain in the low
temperatures approximation and the result will be used to obtain the
difference between the isothermal and adiabatic elastic constants in
insulation.
On hyperfine interaction studies in solids, the dimorphic NMR spectra of
forms M (monoclinic) and T (tetragonal Zr structure) of LaVO« were
studied and the structural forms were clearly brought out from the effects of
the quadrupolar nuclei 51V and 139La, both having spin 7/2. Proton
magnetic resonance in paramagnetic CoSiF«. 6HaO and diamagnetic
ZnSiF8. 6HaO were studied and the spectra interpreted in terms of magnetic
anisotropv. Systematic NMR studies of predominantly ionic rare-earth
oxysn'ts indicated the presence of small covalent mixtures and a simple
methyl to separate the contact and the dipolar shifts has been proposed.
Microwave spectroscopy work was carried on metaflurophenol in order to
study the rotational isomers of phenol.
A development programme for the EPR spectrometer at X and K band using
100 KHz field modulation is almost complete. A NMR Gaussmeter using a
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marginal oscillator detector and side band generator technique was developed as precision gauge in h. f. splitting measurements. The ESR Spectra of a
few Cu-complexes have been measured.
Records of IR spectra of hexahydrated fluorosilicate crystals of Mn, Fe,
Co, Ni, Zn and Mg at various temperatures upto 80°K were taken and
interpreted. Crystals of Mn and Ni salts were prepared in which H atoms
are progressively replaced by D atoms; their spectra were recorded and
interpreted.
A temperature controller was designed and fabricated to control temperatures
in the range 4.2°K—300°K within 10 mK. The effect of pressure on the
phase transition temperature of some cobalt complexes were studied.
A study was completed on the effect of the Fermi surface anisotropy
on the critical Ginzburg Landau parameter. Some model potentials are
being investigated for flux line lattice defect interaction.
A pulse programmer for a Hahn Spin Echo assembly or a Carr Pu'cell
sequence capable of delivering 2-100 microseconds pulses with variable
interpulse periods of 500 microseconds to 1 second was completed.
As regards the scattering chamber to be used with the VEC, the casting and
machining of the aluminium chamber was completed. Fabrication of the
associated electronic system is in progress.
In the Nuclear Chemistry Division, radiochemistry facilities using simple
inorganic ion exchanger systems were developed for separating several
parent-daughter pairs. A granular form of Zr phosphate has proved very
satisfactory for 115 Cd—115 mjn, 114 Ce—114 Pr and 210 Po—210BL
Alumina or hydrous zirconium oxide were found satisfactory for separating
of UXX from U.
In radiation chemistry, radiolysis of cobô't (III) complex of nitrilotriacetic
acid in aqueous solution was studied and the radiolytic mechanism was
found to be in agreement with the postulated reaction of hydroxyl radical
with the metal ion forming a transient cobalt (IV) state. The radiolytic
behaviour of cobalt (III) was found to be an interaction with the ligand rather
than the central metal ion.
Investigations in bioscience were carried out in the Crystallography and
Molecular Biology Division and the Biophysics Division. In studies on the
structure and function of biomolecules, a number of compounds having
sympathomimetic properties were investigated successfully. In order to
attribute some general characteristics to them, the structure determination of
some more compounds of similar properties were undertaken. Some
computer programmes for the application of direct method in structure
solution were written for the IBM 1130 computer. For protein crystallographic studies, a protein of plant origin called Abrain was crystallised and the
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crystallisation of two other proteins, cc
progress.
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The study on the electronic structure and conformations of molecules of
biological and pharmacological interest was continued and the total
energy, electronic charge distribution etc. were determined for several
conformations of 6-hydroxydopamine.
In physico-chemical studies, the correlation of banding patterns of the SLS
aggregate of collagen with amino acid sequence of the protein yielded some
interesting results. The non-reactivity of the enzyme "esterase" on the oc 1
chain of collagen from fish swim bladder has been explained as an evidence
for the absence of conventional 'esterbonds'.
In studies on the isolation, characterisation and crystallisation of enzymes,
three isozyme forms of goat pancreatic oc -amylase were detected by
column chromatography.
In radiation biology, it was found that thymine starvation makes the
bacteria more resistant to X-rays and ultra-violet light, which, however, can
be nullified if chloramphenicol is present during starvation. It indicates the
production of a protein which might be involved in the repair mechanism.
Direct involvement of pyrimidine.dimers in the production of revenants has
been found.
In molecular genetics, the thymine staiw°d bacteria have been found to
support growth of <px174 bacteriophage where the host could transfer genetic
material to the virus. Tissue culture facilities were developed with different
cell lines for the study of repair phenomena in mammalian cells.
In electron microscopy and ultra structure, techniques are being standardised
for the study of hetero-duplex DNA molecules made from different sources.
Replicating forms in mitochondrial DNA isolated from new born rats were
studied under the electron microscope. Both oval and rod shaped mitochondria were observed in thin sections of the rat brain. Negative staining
technique was standardised to resolve the outer and inner membrane of
isolated mitochondria.
In the Theoretical Nuclear Physics Division, the microscopic-collective
approach using a collective Hamiltonian, together with the collective
motion parameters and the shell-correction computed microscopically, has
been applied to transitional and heavy nuclei. Various aspects of heavy-ion
reactions were studied. Microscopic calculations on the isobaric analogue
resonance and Glauber-type calculations of proton and pion-scattering on
nuclei were completed. Extensive computations were also carried cut using
a theory of break-up channels in stripping reactions developed by the
Group.
In high energy physics, the infra-red behaviour of two particle scattering
amplitude and the role of eikonal approximation therein wero investigated.
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Leading corrections to eikonal amplitude in the infra-red domain were
obtained. Relativistic modifications of Glauber formula were studied.
Energy levels and decay properties of the Y -particles were studied in
various models.
In theoretical plasma and statistical physics, detailed investigations were
carried out on the application of coherent states to plasma in an inhomogeneous magnetic field, the study of hydromagnetic and magnetostatic wave
in the non-linear regime, the modulational instability of electron plasma
waves and ion-acoustic waves, the interaction between two transverse
waves in a plasma, and the non-linear saturation of plasma-instability.
In theoretical biology, newly introduced, the possibility of ordering in
biological systems consideied as open systems has been realised through
Bose- Einstein condensation of phonons in biological structures. Rough
estimates have been compared with recent experimental evidence of the
action of electromagnetic radiation on biological systems and of iaser
irradiation (argon laser) on the activity of the enzyme oc -chymo-trypsin.
In the Instrumentation Division, a unique analysis of the "Sample and
Hold" type phase detector gave expressions for loop design and helped
the understanding of loop hehaviour under various experimental conditions.
It also resulted in the fabrication of a single loop Indirect Frequency Synthesizer for 8 to 9 MHz in 250 Hz steps, that showed a measured spurious
suppression better than 100 db with a settling time of ten milli-seconds. A
new plan for computerizing a CCTV picture is being worked out.
In the Director's Research Group, interaction of high current beams of
different types with hot magnetic plasma was investigated within the H. M. D.
approximation. The resulting back bending of the current was critically
examined for application in an Astron-system. With a view to investigating
the exact mechanism of a typical low frequency oscillation in a PIG device
constructed last year, further development work was carried out and the
effect of the radial electric field on the occurrence of the instability was
studied, providing strong support in favour of the radial electric field for the
excitation of the oscillation. To study the properties of turbulent plasma, an
analog correlator was developed.
Investigation on sparking characteristics of various gases were carried
out in the pressure range from 0.05 to 5 torr, and magnetic field to about
2200 Gauss.
A method already developed in the Laboratory for the direct display of
electron energy distribution using an analog computer was successfully
applied in the analysis of positive column plasma. The results with air and
nitrogen gas show that the distribution has a single peak somewhat
sharper than the Maxwellian at pressures above about 0.01 torr in both
the gases and it changes into a two-peak distribution at lower pressure.
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The method developed for calculating the Debye temperatures of cubic
solids reported earlier was extended to non-cubic symmetries. The results
indicate the superiority of the present method over all other existing
approximations.
The coil probe method for studying an isotropic non-uniform plasma
column previously reported, was extended to cover non-uniform plasma
columns with static axial magnetic field, assuming that the radial density
profile is of the Bessel-type. The results obtained for a typical magnetized
deuterium plasma on the basis of computer calculations show how one
can determine the electron density and electron collision frequency in such
a plasma by measuring separately the resistance and reactance of an rf
coil placed coaxially around the plasma column.
The plasma in a Penning discharge was studied *jy introducing an rf voltage
of variable frequency into the plasma by a suitable probe. The dc current
collected by the probe indicates a type of instability at certain frequencies
which are different from the well-known characteristic frequencies of a
plasma.
The investigations on the propagation of electromagnetic waves along a
dielectric-rod waveguide immersed in an isotropic plasma were extended to
cover a dielectric-rod waveguide embedded in a plasma with strong,
static magnetic field in the direction of the rod-axis.
Further progress was made in the construction of the multi-charge ion
source reported earlier. Work on a device for high temperature plasma
generation is in progress.
In mass spectroscopy and isotope separation, experiments on atomic
collisions in solids and gases and the separation of stable isotopes for
nuclear spectroscopy were continued. 59Ni was produced by (p, n y)
reaction with the proton beam from the BARC Van de Graaff machine and
the gamma ray spectra were studied. The inhomogeneous magnetic mass
spectrometer, with the hollow cathode ion source, was used to analyse
cyclotron-induced isotopes. Further development on 60° mass spectrometer for improving the sensitivity is in progress.
Rapid progress has been made in the construction of Phase I of
the Laboratory building at the Bidhan Nagar site.
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Tata Memorial Centre
Tata Memorial Hospital
There was a 7 per cent rise in the number of new patients examined during
the year in the out-patients department; the number this year being 16,248.
In patient admissions during the year totalled 5,344.10,388 surgical operations were performed—around 16 per cent more than last year.
For early diagnosis, fibre-optic oesophago-gastro duodenoscopy, colonoscopy and bronschoscopy were introduced. The speciality clinics
v/hich went into operation for the first time last year are getting consolidated
and newer approaches to improved therapeutic procedures are gaining
momentum.
A new post-operative intensive care ward with six beds was added to the
hospital during the year for the immediate post-operation intensive care of
patients.
Studies on oxygen saturation of patients with chronic lung infection during
surgery were initiated. To improve anaesthesia procedures, several drugs
such as Vailergan, Pancuronium Bromide and others were tried out.
Combination therapy trials combining surgery, radiotherapy and
chemotherapy were initiated.
In the radiotherapy department, 4,630 patients received treatment during
the year. The therapeutic trials conducted in this department included
(a) treatment of carcinoma of the buccal mucosa by a combination ot
external radiation and intra-oral radioactive isotope moulds, (b) treatment
of carcinoma of the cervix by external radiation followed by intracavitory
brachy therapy including after-loading manual techniques, (c) pre-operative
radiation in cancers of oesophagus, rectum, urinary bladder etc., (</) widefield treatment of malignant lymphomas, (e) total-body irradiation in nonHodgkins lymphomas etc. In the radiodiagnostic department special
techniques such as, mammography, lymphograms, nasopharyngography,
laryngography and other procedures were increasingly utilised.
On an average, 75 intracavitory applications were prepared and utilised
every month. Calibrations of deep-therapy machines and maintenance of
film badge service were regularly undertaken by the physics department.
Practical training in hospital physics was given to 12 trainees undergoing
a one year course in hospital physics conducted by the B.A.R.C. The
hospital collaborated in the inter-comparison dosimetry programme of the
W.H.0./I.A.E.A.
The number of autopsies conducted in the hospital increased. They have
been of great help in discovering occult cancer, spread of the disease,
cause of death etc. During the year under review the voluntary blood donor
system was introduced and close liaison was maintained with various
other biood banks in the city. In order to give fresh plasma, packed cells
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and platelets to patients, (especially the leukaemia patients), a refrigerated
centrifuge was required during the year. The aldolase-isoenzyme patterns
in primary hepatoma were critically studied, using as control the sers of
patients suffering from cancer other than hepatoma and also that of patients
with other liver diseases. The investigations reveal that aldolase isoenzyme
patterns may prove beneficial as an adjunct to their biochemical profiles
in the diagnosis of primary hepatoma. Several end-results studies to identify
and evaluate the factors which influence ultimate survival of the patient
were carried out. Epidemiologi studies were continued by collecting information from the patients atter iiny the hospital. Use of the T.I.F.R. computor for analysing hospital records was continued.
In order to standardise collection of hospital based data, a special project
was initiated in 1973. Upto 1976, 51 hospitals located in different parts of
the country co-operated with TMC and the data obtained in this manner
have been published in the Indian Journal of Cancer.
Cancer Research Institute
The observation on the association of chewing and smoking habits, with
oral and pharyngeal cancer, is being examined further to correlate this
finding with the effects of various dietary constituents. Blood catalase
levels in oral and pharyngeal cancer are being studied to determine whether
any association exists between them.
The role of B-complex deficient diet in tumour induction, is being investigated on Swiss Mice. The carcinogenic action of the betel quid is being
studied on rats, hamsters and mice. Efforts to potentiate anti-tumour
immunity with B.C.G. in oral cancer, has demonstrated that innoculation
of tumour associated antigens with B.C.G. helped to maintain anti-tumour
immunity in some patients.
In order to study and compare the cancer profiles of endogamous groups
and also inbreeding effects, basic genetic information is being obtained
from the patients attending the Tata Memorial Hospital.
Studies on the relationship of Human Leucocyte Antigen (HL-A) systems
to cancer have been initiated at the Institute. In collaboration with the
International Agency for Research on Cancer (IARC), studies on the HL-A
patterns in high risk families of one community have been organised.
The IARC continued to collaborate with TMC in the in vitro
immunological studies on cancer patients. In this study the T and B
lymphocyte levels are studied at various clinical stages of cancer. A
lymphocyte bank has also been established for further studies.
Various immunological studies are in progress at the Centre. Among the
different approaches employed are those which include observations on
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Leucocyte migration inhibition (L.M.I.) for detection of cellular sensitisation
of the immune status of leukaemic patients.
Viral cancer has been studied using the I.C.R.C. strain of mice. The results
suggest that the mammary tumour virus of this strain I.C.R.C. belongs to
M.Ï.V.—S Varient (comparable to M.T.V. of susceptible stain C s H, DBA, A,
etc.). An investigation to study the use of groundnut oil to boost the tolerance
level at high doses of irradiation, was initiated and the preliminary results
are encouraging.
Cobra venom cytotoxin preferentially cytotoxic to certain tumour cells, has
been used as a probe to determine the structural properties of the membranebound enzyme (Na+ + K+)—ATPase of Yoshida sarcoma cells. A
glycolipid complex with cytotoxin has been isolated and experiments are
in progress to analyse the nature of the glycolipid from Yoshida sarcoma
cells.
Investigations on chronic myeloid leukaemic cells (CML) using Concanavalin A, have shown that Con. A agglutinates the granulocytes of CML
patients, whereas bone marrow cells from normal subjects were not agglutinated. These observations strongly indicate alterations in the membrane
of leukaemic cells.
Collaborative studies with the Tata Institute of Fundamental Research on
utilising Pulsed Nuclear Resonance (NMR) as a method for cancer diagnosis
have been continued. An analysis of 680 samples has demonstrated that
human tissues taken from regions close to the tumour show elevated
"T1 value" (the parameter measured in this technique). Comparative
histopathology of these tissues has revealed the presence of malignant
cells. These studies support the view that "elevated T 1 " may be of heip in
characterising the malignant state.

Contemporary research has implicated an increase in the ployamines in
cancer. Assay methods using sophisticated technology, not available in
many laboratories, suggest that increases in polyamines in the tissue
fluids of cancer patients, may be of use in early diagnosis or this finding
may have prognostic value. By using specific enzymes from snake venoms,
a simple method has been developed for assaying polyamines in serum
and a few experiments have indicated elevated levels in both animal and
human cancers. Further data are being collected.
Systematic screening of plant extractives for anticancer activity using P388
and L1210 strains of animals as models has led to the detection of good
anti-cancer activity in two of the extracts studied. More in-depth investigations on the active extracts are now in progress.
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The Centre has continued to function as a centre for training future
oncologists interested in treating patienis as well as in conducting research
(basic and applied). Thus several trainees from different centres in India
and abroad, spend various periods of time in the clinical, surgical, radiotherapeutic departments at the hospital and at the research institute.
Students studying for post graduate degrees in pathology, radiology and
surgery, underwent training at the hospital. A course in biophysics for the
M.Sc. degree of the Bombay University was once again conducted at the
research institute.
The 12 storey annexe of the Tata Memorial Centre is almost ready and various
departments have begun to move into the new building. The expansion
work of the O.P.D. wing in the old TMH building is in progress.
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Atomic Minerals Division
Significant uranium occurrences have been found at Astotha and Romehra
in Hamirpur district, Himacha! Pradesh, Mardeora-Hirapur in Chhattarpnr
and Saugar districts, Madhya Pradesh and Anek in Meghalaya. Sub-surface
exploration by way of diamond drilling to prove strike and depth-wise
extensions of uranium mineralisation at Mardeora and Astotha, has commenced, and evaluation work of earlier finds at Bodal in Rajnandgaon
district and Dumhath in Sarguja district, Madhya Pradesh intensified.
Exploratory underground development by adits and shafts has been taken
up in the two areas. The Division's sustained efforts towards recovery of
columbite-tantalite have resulted in exceeding th& targets.
Research and development work directed towards new techniques and
sophisticated instrumentation succeeded in development and production of
proton precision magnetometer and gamma ray spectrometer tuned to
digital tape recording system and software for computer programming of
data to produce iso-contour maps for K, U, Th and magnetic data.
Uranium Investigations
Exploratory Underground Development. After closure of Narwapahar and
Bhatin mining prospects in Singhbhum district, Bihar, in March 1976,
developmental mining was taken up at Bodal in Rajnandgaon district and
Jajawal in Sarguja district, Madhya Pradesh, where diamond drilling
indicated better grades of ore; a progress of 9.55 m. was achieved in shaft
sinking at Jajawal.

Survey and Exploration
Air-borne gamma-ray spectrometric surveys over an area of 3,876 sq. km.
(3,495 line km) were carried out by helicopter in inaccessible terrains over
Siwalik formations in Himachal Pradesh, resulting in the location of a large
number of predominantly uranium anomalies. Ground checking of these
anomalies is in progress. Aero-radiometric and magnetic surveys over an
area of about 7,200 sq. km. (6,262 line km.) in parts of Kutch district,
Gujarat, were completed in collaboration with the National Remote Sensing
Agency. The surveys indicated some anomalies due to uranium only.
In collaboration with the Department of Science & Technology, the Division
undertook test flights in parts of Rajasthan, Uttar Pradesh and Bihar,
over an area of about 7,650 sq. km.
The Solid State Track Detection technique initiated by BARC has been further
modified in the Division to discriminate effects of thoron on the cellulose
nitrate film. Interpretations based on photo geological maps and LANDSAT
data on Dhabi-Partabpur and Bodal areas in Madhya Pradesh have brought
out clear geological features favourable for uranium mineralisation.
In Hamirpur district of Himachal Pradesh uranium bearing sandstones
underlying the upper Siwalik conglomerates and overlying the clayey
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unit have shown significant uranium mineralisation in lenses upto 30 m.
width and 2 m. in thickenss over a stretch of 10 km. at Astotha-KhyaRomehra-Behrad. Samples have analysed from 0 . 1 % to 0.5% U308.
Inspite of difficult terrain conditions, drilling and development work in
this area is proposed.
The second significant discovery of uraniferous phosphorite has been made
at Mardeora-Hirapur areas of Chhattarpur and Sagar districts, Madhya
Pradesh. The samples have analysed from 0.025 per cent to 0 . 1 2 per cent
U3Og, with P2OS varying from 23 per cent to 4 0 . 2 per cent.
The third significant occurrence of uranium is located at Anek in Garo Hills
district, Meghalaya where uranium mineralisation associated with shared
granite gneisses has shown concentration of secondary minerals. Samples
have analysed as high as 1 4 . 3 per cent U3O8.
In Dumhath-Jajawal area of Sarguja district, Madhya Pradesh where
detailed exploration work is in progress additional radioactive anomalies
at Tattapani, Larghutta, Sursapahar, Jhojnala and Pendari have been
discovered. Samples have analysed 0.06 to 0 . 3 0 per cent U3O8. Further
work is in progress.
Exploratory Drilling.

Drilling during the year aggregated 14,634 metres.

Drilling in Turamdih and Bhatin areas of Singhbhum district in Bihar was
concluded after completing the targets. At Dhatkidih, Singhbhum district,
Bihar, close examination of the holes drilled by the Geological Survey of
India has resulted in location of a radioactive zone over a strike length of
450 m. in 5 boreholes, assaying over 0.03 to 0.070 per cent eU 3 0 8 .
New areas at Astotha-Khya in Hamirpur district, Himachal Pradesh, and
at Mardeora in Chhattarpur district Madhya Pradesh have been taken up
for drilling. Detailed drilling at Bodal in Rajnandgaon district, Madhya
Pradesh has proved ore body over a strike length of 810 m. down to a
depth of 135 m. with the indicated reserves of over 350 tonnes of U3Oa
and possible reserves of over 1,000 tonnes of U»O8.
At Dumhath in Sarguja district, Madhya Pradesh, strike-wise proving of
the ore body is in progress. Present work has indicated possible reserves
of over 400 tonnes of U,O«.
Deteiled drilling at Devagondanhalli, Kalasapura and Hoskote areas in
Chikmagalur district, Karnataka, have failed to indicate workable uranium
concentrations. Other localities in Chikmagalur district are being explored.
Drilling work done at Ghateswar in Sikar district« Rajasthan, Bagotha in
Solan district, Himachal Pradesh and Morni in Ambala district, Haryana also
have not proved to be successful and the drilling in these areas has been
suspended.
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Niobium-Tantalum, Beryllium and Rare Earths Investments. Investigations
for location of new sources of niobiumtantalum and recovery operations
at known deposits were continued in Bihar, Rajasthan and Karnataka, as a
result of which 10.735 tonnes of the material was produced departmentally,
in addition to 0.673 tonnes procured from private mine owners.
55.962 tonnes of beryl (including 0 . 6 6 tonnes of churi) was stockpiled
during the year, including 3 . 5 5 0 tonnes produced departmentally.
Investigations for columbium-tantalum and rare earths in favourable host
rocks viz. carbonatites, apogranites, syanites etc., were continued in different
parts of the country.
Thorium Investigations: Reconnaissance surveys followed by test drilling
and laboratory investigations for estimation of heavy minerals reserves of
monazite, ilmenite etc., were carried out along 240 km. coast length in West
Godawari, Krishna, Guntur, Prakasam and Nellore districts of Andhra Pradesh.
Detailed field and laboratory investigations for estimation of heavy mineral
reserves in the beach and dune sands were completed over 110.19 hectares
in Tamil Nadu and Kerala, covering a coast length of nearly 14 Km involving
overj7400 metres of drilling and collection of 4332 samples.
Special Assignments: Investigations for estimation and possible recovery
of helium were continued at Manikaran in Kulu district, Himachal Pradesh,
thermal springs of Bakreswar, Tantloi and Surajkund in West Bengal and
Bihar. Oil and gas wells of the Oil and Natura!i Gas Commission in Sibsagar
district, Assam, are also under investigation for their He content. A steaming
hot water sample from Manikaran indicated 0 . 5 per cent He.
Survey efforts in the Andaman and Nicobar group of islands have not
yielded any significant results so far.
Instrumentation and Techniques: Development of sophisticated air-borne
gamma ray spectrometric and magnetometric survey systems jointly with
Bhabha Atomic Research Centre and Electronic Corporation of India Ltd*
resulted in saving of foreign exchange to the tune of about Rs 20 lakhs.
The Division has a range of laboratories in different disciplines to support
its field work.
The significant development of the year was in the Minerals Technology
laboratories which carry out gravity separation, flotation and leaching tests»
including bacteria! leaching. The laboratories developed the Aspergilîus
Fungul mould which helped in the precipitation of uranium. The mould
analysed as high as 50 per cent of UsCg, 14.1 of P,O, and 4 per cent
of Fe, representing precipitation of 7 2 . 7 per cent of U,O, values from the
liquors.
The experimental work carried out in heap leaching of ores at Baginda in
Kulu district, Himachal Pradesh produced 1,416.5 kg. of sodit/m-diuranate analysing 7 4 . 5 per cent of U,O8.
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Collaboration with other Organisation. The Division continued to
collaborate in scientific investigations with other sister organisations
Government departments, public sector undertakings, universities etc
Under this programme, boreholes drilled by the Geological Survey of India,
Geological Departments of various State Governments, Hindustan Copper
Ltd., Indian Copper Complex, Hindustan Zinc Ltd., Mineral Exploration
Corporation, Neyveli Lignite Corporation etc., in different rparts of the
country were tested for radioactivity by gamma ray logging. Aerial survey
flights over parts of Rajasthan, Bihar and Uttar Pradesh and regular surveys
in Kutch district of Gujarat, were undertaken in collaboration with the
National Remote Sensing Agency. Assistance by way of thermal logging
of boreholes drilled by the Geological Survey of India was provided.
In addition to extending training facilities to the scientists of the National
Mineral Development Corporation and the Indian School of Mines, the
division provided analytical facilities to the Indian Council of Medical
Research, the Directorate of Medical and Health Services, Andhra Pradesh,
and the University of Jammu.
Collaboration with other Countries and International Projects. The
Division's collaboration with the Atomic Energy Commission of Iraq
continued. Under this programme, nuclear, field and laboratory instruments
worth over Rs. 2 lakhs, including instruments worth Rs. 1 lakh from the
Electronics Corporation of India Ltd., were exported to Iraq ; a full-fledged
radiometric assay laboratory has also been set up in the Nuclear Geology
Department there. Four officers belonging to the geology and drilling disciplines have been deputed to work with the Atomic Energy Commission
of Iraq.
The Division exported radioactive ore material worth Rs. 3 lakhs to Iran for
preparation of calibration pads.
Laboratory and field studies with regard to the international research
project on 'Archaean Geochemistry', under the International Geological
Correlation Programme are continuing.
Work under the International Atomic Energy Agency's research contracts
relating to "study of factors controlling formation of sandstone type
uranium deposits in India" and 'Bacterial leaching of uranium from ores'
is being pursued.
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Atomic Power Authority
Tarapur Atomic Power Station
During the first 11 months of the year, the Station generated 2013 million
Kwh, compared to 1903 million Kwh for the corresponding period in 197576, an increase of approx. 11 per cent. The Station registered a capacity
factor of 60 per cent (till end Feb. 77) which compares favourably
with other nuclear power stations of similar design elsewhere in the world.
Unit-1 operated at 180-190 MW from April to August. Subsequently,
due to end-of-cycle fuel conditions, the Unit load had to be gradually
reduced to a level of 135 M We in December. Against a normal period of
10 to 12 months, Unit-1 has been in operation for over 21 months since
its last refuelling, which was completed on 2nd May 1975. During this
period, it has achieved an on-line availability factor of 89 per cent and a
capacity factor of 66 per cent. The unit was shutdown for its fourth refuelling
and maintenance on February 3,1977.
Unit-2 operated at 185-192 MW till July 27 when it was shutdown for
its fourth refuelling, which was completed in a record period of 82 days
against the previous best of 101 days and an average of 165 days for the
six refuelh'ngs till then. During the earlier operating cycle (19-10-1975 to
26-7-1976) the Unit had achieved high on-line availability factor of 96
per cent and capacity factor of 80 per cent. Subsequent to refuelling,
the Unit was gradually loaded upto 195-200 M We except for a brief
4-day outage in early January and during gradual power escalation
periods. During February 1977, the Unit achieved a monthly capacity factor
of 94% the highest in the last 6 years of operation.
Assistance of other agencies in India during the refuelling outages as well as
other shutdown works was increased further during the year.
Commercial Aspects
The issue of tariffs for Tarapur power has been satisfactorily resolved.
A new tariff effective from 1st April 1976 has been notified with the concurrence of the Central Electricity Authority. Agreements have been reached
with the Maharashtra State Electricity Board and the Gujarat Electricity
Board for the recovery of a major portion of arrears in a period of 36 months
from January 1977.
The formal agreement for the supply from Tarapur was concluded and the
signed agreement was handed over to APA in September 1976.
The revenue for the year is estimated at around Rs. 25 crores. This will
ensure an adequate surplus after meeting all operating expenses, interest
depreciation and appropriations to statutory reserves. The surplus for
1975-76 is expected to be about Rs. 2.8 crores.
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Rajasthan Atomic Power Station
The concurrence of the Central Electricity Authority has been obtained to the
tariff proposals for supply of power from RAPS-1, and the tariff duly
notified. Discussions are being held with the Rajasthan State Electricity
Board for clearance of the outstandings. The formal agreement for the
supply of energy has been finalised and initialled by RSEB and APA.
It will be formally concluded as soon as certain aspects requiring coordination with the Ministry of Energy are settled.
The total generation from RAPS-1 during the period April 1976—February
1977 was 970 million units. The total energy generation in 1976-77 is
expected to be about 1080 million units.
Grid Operation
Western Region. The performance of the switchyard at Tarapur, which
is under the technical control of the Tarapur Atomic Power Station has been
satisfactory. The programme for overhaul of breakers was continued. There
has been adequate cooperation from MSEB and GEB, particularly in regard
to hotline washing of insulators.
Northern Region. Measures to reduce voltage fluctuations and to improve
system reliability were continued with the help of the Central Electricity
Authority, Northern Regional Electricity Board and the Chambal System
Operations Committee.
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Power Projects Engineering Division
Rajasthan Atomic Power Project, Unit-I
The unit was recommissioned on April 12,1976 after shut-down of nearly
two months for replacing some blades in the low pressure rotor; it continued
to operate at power levels from 175 M We to 180 MWe generating 1150
million units upto end March 1977 at an average availability of 85 per
cent. The year has seen considerable improvement in the operation of
the unit; it achieved a continuous outage-free operation during October
and November 1976.

Rajasthan Atomic Power Project, Unit-11
Erection of nuclear and conventional equipment is almost complete and
commissioning of various systems is in progress. All jobs on fuelling
machines, reactivity mechanisms and feeder and header insulation cabinets
have been completed. Installation of piping for new air-compressors,
relocation of the chilled water plant and 2 per cent and 15 per cent heavy
water storage facility are in progress. Erection of motor generator sets has
been completed and commissioning is in progress. Instrumentation work
on various systems is almost complete. Erection and testing of steam line
to Heavy Water Project, Kota is nearing completion. 30 per cent of civil
works on the Solar Evaporation Facility has been completed.

Madras Atomic Power Project, Unit-I
AN major structures, including upgrading plant and stack, have been
completed ; the main airlock and the closure of the break-out panel of the
reactor building are the two remaining civil works activities.
Major reactor equipment like end-shields, calandria and dump tank have
been installed and aligned. Installation of the shield tank is nearing
completion. Balance activities on feeders and fuelling machine vault
access doors are in progress. The primary heat transport pumps have
been installed. 40 per cent of reactor building piping and 75 per cent of
conventional piping have been completed. Alignment of high pressure
turbine, low pressure turbine and generator rotor is over. Piping for turbine
generator system, arrangements for testing of turbine generator with auxiliary
boilers, and tubing of condenser are in progress.
Installation of main plant electrical equipment, cabling and lighting is over.
Delayed neutron monitoring tubing, control room instrumentation and other
main plant instrumentation works have been initiated.

Madras Atomic Power Project, Unit-ll
All civil works except for the purification piant, main airlock batel and
closure of break out panels have been completed. Work on the fabrication
of the calandria is in an advanced stage. Installation of liner and thermal
120

shield in the calandria vault is going on, fabrication of end shields is in
progress; Manufacture of primary heat transport pumps is in an advanced
stage, end shield rings have been installed. 25T boiler room crane has
been installed and work on the main plant piping, turbine and condenser
installations has started.
Narora Atomic Power Project
Work on detailed designs in the nuclear and conventional areas is on. Design
work on the reactor containment and internal civil structure is progressing.
Development activities on welding of end fittings to calandria, end fitting
seal bellows, end shield diaphram stress analysis and end shield ball filling
is in progress. Manufacture of the end shields and primary heat transport
pumps is in progress. Billets for manufacture of Unit-I end fittings have
been received and forging operations are under way. Manufacture of the
turbo-generator is on.
Work on the main plant buildings, namely reactor, turbine and service
buildings has started.
Excavation work for Unit-I of the reactor, turbine, and service buildings
has been completed. Concreting of the raft of the reactor building is in
progress. Extensive testing has been undertaken for piling work in turbine
building. Piling work for foundation of the turbine building is in progress.
The refrigeration, hatching and crushing plants have been commissioned»
The fabrication workshop, and the electrical and mechanical workshops,
have been commissioned at the site and fabrication of the embedded parts
has been taken up in the fabrication workshop. Facilities have been set
up for supply of construction power from the State Electricity Board
network. Two emergency diesel sets have also been erected.
252 residential units in various categories have been constructed. Work
on additional 86 residential units, school building, sewage treatment plant
and compound wall is nearing completion.
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The Nudear Fuel Complex
Production of nuclear grade zirconium oxide at the Zirconium Oxide Plant
remained at around 90 per cent of rated capacity till end February 1977.
Based on earlier experience, two high temperature ovens for drying hydrooxide cake have been planned, out of which one unit has already been
fabricated and commissioned. The second unit will also be installed during
this year.
The second electrically heated rotary calcination furnace with a mechanised
feeding device has been fabricated and commissioned. With the availability
of two rotary calciners, an improved product quality is consistently being
achieved.
At the Zirconium Sponge Plant, emphasis during the year was on
improving the output and quality of reactor grade zirconium sponge.
Towards this end several process and equipment modifications were carried
out with respect to the Chlorination and Metal Reduction equipment.
A graphite lined water cooled reactor for static bed chlorination of zircaloy
scrap has been commissioned and trials are continuing.
For increasing the productivity of the reduction furnaces, and to reduce
maintenance downtime, the bottom loaded reduction furnaces were
redesigned to facilitate top loading of charges. Out of the 4 assemblies
in the plant, this work has been completed on 2 units. Conversion of the
remaining 2 units will also be completed by the year end. An additional
vacuum distillation assembly is also being added.
Regular production of RAPS and TAPS fuel tubes continued at the Zircaioy
Fabrication Plant on the 50 VM and HPTR 8-15 Pilger Mills. During the
year, two more HPTR cold reducing mills (HPTR 4-15 and HPTR 15-30)
were commissioned for enhancing fuel tube production.
A total of 66 coolant tubes have so far been fabricated and supplied to the
Madras Atomic Power Project and further production is in progress.
Production of this item was taken up for the first time during the year.
The inlet and outlet calandria manifold assemblies required for MAPP-II
were successfully fabricated and delivered.
Garter springs required for MAPP-I and II in Zr-Nb-Cu ternary alloy need
square section wire. The entire quantity of wire required has been produced
and supplied to the Atomic Fuels Division of the Bhabha Atomic Research
Centre for further conversion to springs.
During April-June 1976, a total of 1 7 . 4 tonnes
was produced by the Uranium Oxide Plant and
Fuel Fabrication Plant for meeting the initial
RAPP-II. The Ceramic Fuel Fabrication Plant
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of depleted UO, powder
supplied to the Ceramic
charge requirements of
fabricated and supplied

around 700 fuel assemblies containing depleted UO, for the start up of
Reactor No. 2 of the Rajasthan Atomic Power Station.
For improving the recovering of sintered pellets, all the sintering furnaces
were redesigned with indigenous refractories for continuous operation at
1700°C instead of 1650°C.
A total of 405 cobalt absorber elements were manufactured and supplied
to the Atomic Fuels Division, BARC for completing the assembly work.
Two compacting presses have been commissioned for increasing the
production of green pellets.
Due to delayed and restricted supplies of enriched UFe powder from the
USA, the target for the production of enriched U 0 2 powder at the Enriched
Uranium Oxide Plant for the year 1976-77 had to be scaled down to 22
tonnes. With the available material, the target for the year will be fully met.
The facility for the recovery of enriched UO, from rejected mixed pellets
of gadolinium oxide and enriched UO, has gone into regular production.
At the Enriched Fuel Fabrication Plant, production of enriched UO, fuel
assemblies for the Tarapur Atomic Power Station (TAPS) continued.
The entire refuelling of TAPS is presently being carried out with NFC fuel.
At the Special Materials Plant, tantalum anodes and other fabricated products, detonator grade zirconium powder, high purity selenium and indium
accounted for the major portion of the total sales of about Rs. 14.26 lakhs.
The plant has executed an order from a West German firm which is itself
a producer of high purity materials, for the supply of 150 kgs. of 99.999
per cent pure indium metal valued at Rs. 3 . 5 6 lakhs.
A facility for production of commercial grade titanium sponge by the
sodium reduction route in 120 kg. batches is being created at the Titanium
Pilot Plant. It is expected to be available by April 1977.
A 2,000 tonnes/year Seamless Stainless Steel Tube Plant is being set up
as part of NFC. The plant will be expanded for the production of 21,000
tonnes/year of ball bearing tubing and 3,000 tonnes/year of special oil
drill pipes for the Oil and Natural Gas Commission. All items of equipment
required in the finishing bay of the SSTP are expected to be erected and
commissioned by end March 1977 in order to facilitate commencement of
trial production from imported tube blanks from April 1977.
A facility for fabrication of FBTR components and sub-assemblies, and
thorium oxide for the fast breeder test reactor is also being added to the
Complex.
The value of production (both final and intermediate products) achieved
at the Nuclear Fuel Complex till end February 77 works out to
Rs. 847.82 lakhs, and revenue on account of sale of products/by-products
for the same period amounts to Rs. 624.56 lakhs.
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Heavy Water Projects
The civil works of the Heavy Water Plant at Kota are nearing completion.
Eighty per cent fabrication and 60 per cent erection has been done in the
steel structural work. Both the civil and structural works are scheduled to be
completed by the middle of 1977.
A 40 MVA Main Power transformer and 6.6 KV Switohgear are being
erected. In addition, seven 2 MVA transformers and 10 motor control
centres have also been installed.
Ali equipment and materials, imported as well as indigenous, are expected
to be received by mid-1977 and work relating to erection of equipment,
piping, instrumentation, insulation and painting is scheduled to be completed
by end 1977, followed by testing.
Commissioning operations are on at the Baroda Heavy Water Plant, and the
production of nuclear grade quality of heavy water is expected to begin
soon. The 100 T/day Ammonia Synthesis Gas Preparation Unit set up by
the Department at the Gujarat State Fertiliser Company Ltd. went into
commercial operation in July, 1976. This plant is linked to the heavy
water plant.
The Metallic Potassium Plant at Baroda has completed the second year of
operation. This unit will meet the potassium requirements of heavy weiter
plants based on the ammonia-hydrogen exchange process.
Erection of the Heavy Water Plant at Tuticorin and commissioning of the
ammonia synthesis facility there is expected to be completed by March
1977. Testing and commissioning of the Heavy Water Plant is likely to be
over by October 1977, when the plant will go into commercial operation.
The Heavy Water Plant at Talcher is in an advanced stage of construction.
Erection of 9 heavy towers was completed last year while two re-ordered
towers are scheduled to be erected shortly. All imported equipment and machinery have been installed. With regard to indigenous equipment and materiel, with the exception of vessels, heat exchangers and tower
internals, all other items are being installed. Work on the 132 KV switchyard,
cooling tower and cooling water supply system, instrument air system and
electrical sub-station is in an advanced stage. The schedule for commissioning of the plant is being affected by the delay in the supply of indigenous
equipment. Inspite of this, the plant is expected to be ready for precommissioning tests by the middle of 1977.
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Public Undertakings
Indian Rare Earths Ltd.
During 1975-76 the Company earned a net profit of Rs. 97.3 lakhs after
providing Rs. 26 lakhs for depreciation, Rs. 5 lakhs for gratuity and Rs. 147.6
lakhs towards taxation. The Company paid a dividend of Rs. 17.02 lakhs.
The Company also diversified its export marketing base and established
itself in the new markets for ilmenite in U.S.A. and Taiwan.
The foreign exchange earned during 1975-76 was Rs. 281 lakhs. In
recognition of its export performance during 1975-76, the Company
received the "First Award" for the best export performance under the group
'Basic Organic and Inorganic Chemicals' instituted by the Basic Chemicals,
Pharmaceuticals and Cosmetics Export Promotion Council, Bombay. This
is the 5th export award the Company has received in recognition of its
outstanding and sustained export performance.
The Company is setting up an industrial complex consisting of a mineral
sands separation plant and a synthetic rutile plant near Chatrapur, Orissa.
The complex is based on beach sand minerals. The work on the Project
has started; when completed, by early 1980, it would put India amongst
the leading producers of synthetic rutile in the world.
During 1976-77, the Company proposes to set up an effluent treatment
plant at Alwaye at an estimated cost of Rs. 30 lakhs. The annual recurring
expenditure would be about Rs. 15 lakhs.
The Company is also trying to recover Helium from monazite.

Electronics Corporation of India Ltd.
During 1975-76, the Corporation earned a net profit of Rs. 61.86 lakhs
after providing for depreciation of Rs. 180.38 lakhs, interest of Rs. 229.67
lakhs on loans and borrowings, expenditure on social facilities of Rs. 38.44
lakhs and Income Tax of Rs. 112 lakhs. Besides transferring an amount of
Rs. 0.85 lakhs to the Development Rebate Reserve, an amount of Rs. 61
lakhs was transferred to the General Paserve.
During 1975-76, the Corporation supplied approximately Rs. 101.75 lakhs
worth of instrumentation to the various DAE projects.
It also delivered Digital Computers costing approx. Rs. 72.35 lakhs and
instruments worth Rs. 54.93 lakhs to DAE units.
On the instruments side, the Corporation has developed scientific and printed
versions of Electronic Desk Calculators, 500 MHz and 150 MHz Frequency
counters, besides He-Ne lasers. Electron Spin Resonance Spectrometers,
High Field Hysteresis Loop Tracers, Special Purpose NAI crystals, 75 MHz
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and 100 MHz plug-in type oscilloscopes, 15 MHz Double Beam Oscilloscopes, EEG 8 channel Recorder, ICCU for 4 patients. Storage Myograph
ECG Recorder, VHF hand-held transceivers. Digital Densitometers, 1 GHz:
Sampling Oscilloscopes and Distance Measuring Equipment
In addition, it is also exploiting BARC-developed items such as Fast
Scintillation Scanners, 4096 Channel Analyser, and Absorption Spectrophotometers.
On the components side, the Corporation has developed and produced
sintered plate nickel cadmium batteries up to 10 AH capacity and battery
chargers for Defence Communication sets, digital turn counting dials,
50 mm dia. Silicon Crystals, Microwave Veractor diodes. Temperature
compensated Zeners. In the field of Computers, the Corporation developed
and produced a Micro Computer (Micro 78) and Analog Computer AC-80.
On the systems side, the Corporation has developed 2 GHz Tropo scatter
and 2 GHz and 6 GHz LOS Antennas, Ship installed Radiac System,
Ultrasonic Soil Testing System, Digital Seismic system and IC engine
analyser systems.
Uranium Corporation of India Ltd.
Work continued on deepening of the mine shaft from the existing depth of
315 m. to 640 m. On extension of the hoisting facilities, deeper levels will be
opened from the shaft and mining will commence in 1977.
The working of the by-product recovery plant and the production of copper
and molybdenum concentrates was satisfactory.
As a follow up of the satisfactory performance of the Uranium Recovery
Plant set up at Surda, a proposal is being examined to augment the scale
of operation and to treat all the copper tailings available from the adjacent
copper beneficiation plant.
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Other Activities
Directorate of Purchase and Stores
The Directorate is working out new terms and conditions for contracts
pertaining to import items; the revised terms are expected to be introduced
from April 1, 1977.
Purchase: The number of indents handled, orders placed, and the value of
purchases made during the past three financial years are indicated below:

Number of indents received

1974-75

1975-76

39,847

45,590

1976-77
44.453**

Number of orders placed

41,394

45,778

52,963**

Value of purchases made

Rs. 532.05

Rs. 552.50

Rs. 74,919**

**Figuret have been projected on the bail« of actual work load till end-Feb. 1977. Value shown in million
rupeet.

With the construction activities at the Narora Atomic Power Project gaining
momentum, an Accounts Unit has been added to the Delhi Purchase Unit to
meet the requirements of NAPP.
Transport and Clearance: Till the first quarter of 1976, clearance work
pertaining to imported equipment/materials alone was handled by the
Directorate. From the financial year 1976-77, clearance of items pertaining
to inland consignments was also taken over by the Directorate, resulting
thereby in reducing delays in clearance of goods, and less demurrage
charges.
With the increased tempo of work at the Reactor Research Centre,
Kalpakkam, and the availability of additional facilities at Madras port,
shipment of imported equipment and materials meant for the Centre is now
being made directly to Madras port. This arrangement enables the RRC to
receive most of its critical requirements directly.
Stores: To reduce the inventory and the varieties of common stock items,
it has been decided to introduce a computerised system of inventory control
in respect of the requirements pertaining to the Power Projects and Power
Stations, and also to extend this facility to all the other Projects and Units.
Introduction of uniform pattern of indenting and stocking of common stock
items for power stations is being considered in this regard.
The system of centralised collection and distribution of scarce gases like
argon, belium etc. has been working smoothly. Almost all the gases are
now obtained in departmental cylinders.
The inflammable stores building being constructed for the Central Stores
Unit at Trombay is in the final stage. All the inflammable stores presently
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being held in sheds at Trombay village will be moved into the new building
shortly.
The design work for the 0 & M Stores at MAPP is almost over and construction will be taken up in the next few months.
The review work pertaining to the O & M requirements of the Rajasthan
Atomic Power Station is nearing completion. Indents for 7,500 imported
and 5,000 indigenous items of stores were raised to meet the needs of the
Station for a period ranging from one year to three years.
With effect from 1st March 1976, the overall control of the Liaison Office at
Montreal has been transferred to the Directorate.
Civil Engineering Division
At the Trombay Township Project, during the year 64 flats of one category
were completed and handed over to the Directorate of Estate Management
(DEM), 48 flats of a higher category are getting readied for transfer to
DEM. An additional dispensary has also been completed at the project.
At the Tata Memorial Centre, Parel, Bombay, the new annexe which the
Civil Engineering Division is building is nearing completion.
The Division has completed construction of the building, and the services
and chilling piant of the Low Temperature Facility at the Tata Institute of
Fundamental Research, Bombay. The building has been handed over to
the Institute.
Directorate of Estate Management
The Directorate maintains around 3,680 departmental buildings including
public buildings like school, sector market etc. in Bombay. The Directorate
took possession of and allotted 64 new flats at Anushaktinagar which had
been completed and handed over to it by the Civil Engineering Division
during the year.
Financial Assistance
On the advice of the Board of Research in Nuclear Sciences and its Advisory
Committees, financial assistance was given during the year to various
universities and research institutions for work on 180 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.
In addition to providing financial support to the three aided institutions under
the administrative responsibility of the Department viz. Tata Institute of
Fundamental Research, Bombay; Tata Memorial Centre, Bombay; and
Saha Institute of Nuclear Physics, Calcutta, the Department made part
contributions for the operation and maintenance of the Institute of
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Mathematical Sciences, Madras and the Mehta Research Institute of
Mathematics and Mathematical Physics, Allahabad.
Financial assistance was also provided to the following Mathematical
Societies : (a) Indian Mathematical Society, Delhi, (b) Bombay Mathematical
Colloquium, Bombay, (c) Calcutta Mathematical Society, Calcutta, and
(d) Mathematical Association, Jadavpur, Calcutta.
The Hyderabad Science Society has been provided financial assistance for
running an Isotope Training Centre.
The following symposia were organised by the Board of Research in
Nuclear Sciences and its Advisory Committees:
(i) High Energy Symposium, Bhubhaneswar, (ii) Nuclear Physics and Solid
State Physics, Ahmedabad, (iii) Operating Experience of Nuclear Reactor
for Power Plants, Bombay, (iv) Chemistry Mechanism of Ultra Fast Chemical
Reactors, Bombay, (v) Genetics applied for Human Needs, Bombay,
(vi) Industrial Applications of Isotopes, Bombay, (vii) Nuclear Reactor
Instrumentation, Bombay, and (viii) Material Science Symposium, Bombay.
The Department also provided partial financial assistance to other organisations in connection with the following activities:
(i) International Symposium on "Improving Crop and Animal, Productivity by Nuclear andAlliedTechniques/'atlndian Agricultural Research
Institute, Delhi.
(ii) International Symposium on "Molecular Basis of Host Virus Interaction" at the Department of Bio-chemistry, Institute of Medical
Sciences, Banaras Hindu University, Varanasi.
(iii) International Symposium on "Vitamin and Carrier Functions of
Polyprenoids" at Bangalore.
(iv) 45th Annual Meeting of the Society of Biological Chemists (India)
at Hyderabad.
(v) Theodosius Dhoshamsky Memorial Symposium on Genetics at
Mysore.
(vi) Annual Conference of the Society of Nuclear Medicine at Bangalore,
(vii) National Symposium on Radiation Physics at University of Mysore.
(viii) All India Seminar on Water Chemistry of Steam Generating Systems
in Bombay, organised by Institution of Engineers (India).
(ix) Indian National Group of the International Association for Bridges
and Structural Engineering, New Delhi for Co-sponsorship of Seminar
on (a) Pile Foundation Systems with Special Reference to Bridges,
(b) Group Anchors, (c) Corrosion of Reinforced and Prestressed
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Concrete Structures, and (d) Detailing for Reinforced and Prestressed
Concrete Structures.
(x) 5th National Symposium on Refrigeration and Air-conditioning at
Indian Institute of Technology, Madras.
(xi) Symposium of Plasma Physics and MHD in Bombay.
(xii) Seminar on Management of Power Systems organised by the
Institution of Engineers (India), Calcutta.
(xiii) All India Science Congress Association at Utkal University at
Bhubhaneswar.
(xiv) Fourth Annual Conference in Radiation Protection in Agriculture,
Industry & Medicine by Indian Association for Radiation Protection,
Bombay.
Contributory Health Service Scheme (CHSS)
The CHSS presently covers about 45,000 beneficiaries.
The Hospital at Deonar was commissioned in January 1976. Its bed strength
has been increased from 45 to 110; a maternity unit, and a blood bank and
transfusion service have been added.
The CHSS covers eight peripheral dispensaries located in various parts of
Greater Bombay. The attendance in these dispensaries during the year
was 5,06,500.
A data bank has been developed integrating all information pertaining to
each beneficiary into a single record. With this data bank, it is possible to
have a numerical or statistical analysis of the data to understand the
behavioural pattern of the population. Family size and family planning
reports have been compiled, using this data bank.
The annual birth rate was brought down from 28 per 1,000 in 1975-76 to
25.5 per 1,000 this year.
Programme Analysis Group
The Group completed the following major assignments during the year:
(1) Economic and commercial evaluation of the Radiopharmaceutical
project of BARC, (2) Cash management ard working capital study for the
Thorium factory managed by the Indian Rare Earths Ltd., (3) Optimum
utilisation studies of light and heavy vehicles operated by the Department
and its constituent units in Bombay, (4) Preparation of background papers
on policy aspects of Energy, Science & Technology, Management of
Resources, Consultancy Services, etc., (5) Periodic analysis of quarterly and
annual performance reports of the public sector undertakings of the
Department
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Publicity
The Department's mobile exhibition unit organised exhibitions for the
benefit of the student community at places like Chidambaram, Tirunelveli,
Tut'corin, Quilon, Trichur, Ernakulam, Nagarcoil, Nellore, Ananthapur,
Gulbarga, Kurukshetra, Jullunder, Amritsar etc.
The Department's activities were also projected at Bombay, Bangalore and
Calcutta at the following places: (i) "Decade of Scientific Progress"
Exhibition, Bombay, February 1976, (ii) Exhibition on National Safety at
BARC, Trombay, March 1976, (Hi) Institution of Electrical and Electronics
Engineers Exhibition, Bombay, February 1976, (iv) Second National
Exhibition of Indian Instruments, Bombay, September 1976, (v) Eighth
Annual Conference of the Society of Nuclear Medicine, Bangalore,
December 1976, (vi) the Nehru Fair, Calcutta, November-December 1976.
The Department's monthly bulletin in English, Nuclear India, is the main
medium for dissemination of news on atomic energy activities to all other
news media. The coverage of the Department's activities by the media
increased considerably during the year. Parmaanu, the Hindi quarterly
bulletin of the Department is in its second year and the response to it from
the readers has been encouraging.

Use of Hindi
During the year, 739 employees of the Department and its constituent
units were nominated for training in Hindi under the Hindi Teaching
Scheme of the Ministry of Home Affairs. 298 employees are at present
undergoing training. 32 employees were nominated for training in Hindi
stenograpy and 50 for Hindi typewriting.
Official Language Implementation Committees
the major units of the Department.

ive been set up in all

Several new Hindi posts have been created in various units of the
Department.
At the BARC, 127 officers and other staff members passed Prabodh,
Praveenand Pragya examination during 1976-77. 383 officers and other
staff members are undergoing training. 31 typists and 8 stenographers
passed the Hindi typewriting and stenography examinations. 45 typists
and 32 stenographers are presently undergoing training.
Atomic Energy Schools
The Atomic Energy Education Society runs four schools at Anushaktinagar,
and one each at Hyderabad, Tarapur, Jaduguda and Narora. The school at
Narora is the latest addition; it was established in August, 1976 with
classes upto Std. VIII. The schools are affiliated to the Central Board of
Secondary Education, New Delhi. Students are prepared for the All India
131

j

Secondary and All India Higher Secondary Examinations conducted by
the Board.
Consequent upon the introduction of the 1 0 + 2 pattern, schools at
Anushaktinagar, Tarapur, Hyderabad and Jaduguda have been upgraded
and will be permitted to open Std. XII also.
The schools have a total enrolment of 6,300 pupils. There are 310 members
of the staff.
International Relations
For the 20th 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 field of atomic energy. India's
ambassador to Austria, who is also on the Board of Governors of the IAEA
was elected one of the two Vice Chairman for the year October 1976 to
September 1977.
At the Agency's invitation, India continued to be represented on the Senior
Advisory Group and on the 5 Technical Review Committees for the preparation of Safety Codes and Guides for Nuclear Power Plants. The Agency
also sought the advice of an Indian expert on the economic, health and
safety aspects of Peaceful Nuclear Explosions for the ad hoc Advisory
Group on Peaceful Nuclear Explosions. India is also represented on the
Standing Advisory Group for Safeguards Implementation set up by the
Agency.
An Indian delegation led by Dr. H. N. Sethna, Chairman, Atomic Energy
Commission and Secretary, Departmet of Atomic Energy participated in
the 20th regular session of the IAEA General Conference held in Rio de
Janeiro, Brazil from September 21 to 26, 1976.
An Advisory Group meeting on Industrial Radioisotope Applications with
particular reference to industries in countries in Asia and the Far East was
held at the Bhabha Atomic Research Centre, Trombay from December
13 to 17, 1976.
India continued to provide training facilities to foreign trainees nominated
by IAEA under its Technical Assistance Programme.
Bilateral Collaboration: A delegation from the German Democratic Republic
visited India in April-May 1976 to identify areas for cooperation in the
peaceful uses of nuclear energy and to draw up a working plan. Agreements
for cooperation in the peaceful uses of atomic energy are expected to be
concluded with Poland, Iran and Italy during the year.
On 18th May, 1976 Canada announced its decision to discontinue further
nuclear cooperation with India. India expressed its regret at Canada's
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unilateral decision to terminate nuclear cooperation in spite of the fact that a
mutually acceptable arrangement was reached earlier after strenous
negotiations.
An India-Federal Republic of Germany Seminar on nuclear power plant
operation was held at Jiilich (FRG) during June-July 1976. A delegation
of eleven scientists/engineers from India participated in the Seminar.
India continued to provide training facilities to foreign nationals in the
nuclear field under the various bilateral agreements.
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Glossary of Nudear Terns
ACTIVATION : The process of making
a material radioactive by bombardment
with neutrons, protons or other nuclear
particles.
A T O M : 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.
BODY BURDEN : Radioactive material
may be absorbed by the body and
retained. The total smount present at any
time is said to be the body burden.

BOILING WATER REACTOR (BWR):

usually expressed in megawatt days per
tonne (MWD).

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

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, and 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 given 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
fissile atoms than it bums. 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
process by which this occurs is known
as breeding.

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.
CORE : The central portion of a reactor
containing the fuel elements, and usually
the moderator.

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;

CRITICAL : Critical is the term used
to describe the condition in which a
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chain reaction is being maintained at a
constant rate, i.e. it is just self-sustaining.
DECONTAMINATION : Removal of
radioactive contaminants from surfaces
or equipment
DESALINATION : A process to get
water suitable for drinking and/or agricultural use by removal of salts from ses
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 and 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.
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.
FAST REACTOR : A nuclear reactor
in which most of the fission is 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.
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
material). When these fertile materials
capture neutrons, they are partially
converted into fissionable plutonium-239
and uranium-233 respectively.

F I L M 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.
FISSILE: Capable of undergoing fission;
sometimes used to mean capable of
fissioning when hit by a slow neutron,
e..7- the isotopes U***. U*16, Pu1*», and
Pu«« 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 panicles
per unit volume and their mean velocity
i.e. it is the number of neutrons passing
through one square centimeter of a
given target in one second.
FUEL ELEMENT : A unit of 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.
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.
G A M M A RAYS (y) : High energy
short-wave length electro-magnetic radiation. Gamma rays are essentially similar
to X-rays, but usually are more energetic
and are nuclesr in origin.
HEALTH
PHYSICS: The science
concerned with recognition, evaluation
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and control of health hazards from
ionizing radiation.
HEAVY WATER (SYMBOL: D,O) :
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.
I O N : An atom or molecule that has
lost or gained one or more electrons.
IRRADIATION: 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.
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 " C r uCt and M C 4 are
isotopes of the element carbon, the
subscripts denoting their common atomic
numbers, the super-scripts denoting
the different m u s numbers or approx
atomic weights.

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.
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 cart 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.
M A X I M U M PERMISSIBLE DOSE
( M P D ) : 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.
MEGAWATT ( M W ) : 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 10*)
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 U**5 nucleus than to be
captured in a U**5 nucleus. So, by
using a moderator a reactor can be
made to work with fuel containing only
a small proportion of U**5 e.g. ordinary
water, heavy water, graphite.

LABELLED COMPOUND: A compound in which one of the atoms is a
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M U T A T I O N : A permanent transmissible
change in characteristics of an offspring
from those of its parents.
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 to give a
proton, an electron and neutrino. Neutrons
sustain the fission chain reaction in a
nuclear reactor.
NUCLEUS: The core of an atom which
may be said to comprise protons and
neutrons. It is very small and about
1 0 J l cm in diameter (a millionth of
a millionth of a cm). The detailed structure
of nuclei is not fully known. The nucleus
contains most of the atom's mass.
PLUTONIUM (SYMBOL Pu): The
element No. 94, produced by neutron
irradiation of U s s . Its most important
isotope is fissionable plutonium-239,
produced by neutron irradiation of
uranium-238.

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.
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.
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.
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.
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.

REACTOR; NUCLEAR REACTOR;
A T O M I C 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.
REPROCESSING: The procedure of
removing fission products from fuel
before re-using it. 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.
SOMATIC EFFECTS OF RADIAT I O N S : Effects of radiation limited to
exposed individuals as distinguished from
genetic effects which also affects subsequent unexposed generations.

RADIATION: A term which embraces
electromagnetic waves, in particular
X-rays and y-rays (gamma) as well as
streams of fast-moving charged particles
(electrons, protons, mesons, etc.) and
neutrons of all velocities, i.e. all the
ways in which energy is given off by
an atom.

S W I M M I N G POOL REACTOR/POOL
REACTOR: A reactor using water as
coolant, reflector and moderator, usually
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ten or more feet 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 R I U M (SYMBOL T h ) : Element
No. 90 and atomic weight 232; a
naturally radioactive metal, the mineral
sources of which are 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 U*38, which is a
not readily fissile material, and is the
parent material from which plutonium
is created, and the lighter isotope of
uranium, U**6, which is the fission
material or fuel of most reactors. In 140
parts of natural uranium, 139 parts are of
U***, and one part only is U*85.
Uranium is the basic raw material for
nuclear energy.

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.

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.

T R I T I U M : 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 radioactivity is produced.
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Abbreviations
Power Reactor Fuel
Reprocessing Plant

AMD

Atomic Minerals
Division

PREFRE

BARC

Bhabha Atomic
Research Centre

RAPPCOF Rajasthan Atomic
Power'Project Cobalt
Facility

DAE

Department of Atomic
Energy

ECIL

Electronics Corporation
of India Ltd.

FCI

Fertiliser Corporation
of India Ltd.

HIRUP

High Intensity
Radiation Utilisation
Project

RAPP

Rajasthan Atomic
Power Project

RAPS

Rajasthan Atomic
Power Station

RRC

Reactor Research
Centre

REL

Reliability Evaluation
Laboratory

TAPS

Tarapur Atomic Power
Station

TIFR

Tata Institute of
Fundamental Research

HWP

Heavy Water Projects

IAEA

International Atomic
Energy Agency

IRE

Indian Rare Earths Ltd.

MAPP

Madras Atomic Power
Project

TMC

Tata Memorial Centre

NFC

Nuclear Fuel Complex

UCIL

Uranium Corporation
of India Ltd

PANBIT

Panoramic Batch
Irradiator at Trombay

UNDP/SF

United Nations
Development
Programme/Special
Fund

VEC

Variable Energy
Cyclotron

PHWR

Pressurised Heavy Water
Reactor

PPED

Power Projects
Engineering Division
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A view of the Madras Atomic Power Station under construction at Kalpakkam near Madras.

