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FOREWORD

The research and development activities of the Neutron Physics
Division cover the fields of reactor neutron physics, applied neutronics,
fusion plasma pinches, materials physics, crystallography and seismology.

The Furnima group has continued work on two ^-^u-fuelled low-
critical mass systems - a BeO-reflected uranyl nitrate solution critical
Bystem and a neutron source for neutron radiography to be set up at
RRC, Kalpakkam. The criticality formula which was proposed here and
which avoids extensive computation has been developed further for use
with micro-fission systems, safety-related calculations, etc.

The physics of high-density plasma-focus devices, which lie bet-
ween magnetic confinement and inertial confinement fusion schemes, has
been developing as a major interest of the Division in the last few years.
A 21KJ, 50KV fast capacitor bank was commissioned during this period
for these experiments.

Fusion blanket neutronics experiments have been planned with the
14 MeV neutron generator in the Division and many experimental tech-
niques related to these have been developed. Using these neutrons, the
carbon-oxygen logging method for identifying the oil and water zones in
sand-stone formations in the earth's sub-surface is also being developed
and a bore-hole model for this purpose has been designed.

The Materials Physics group has been mainly interested in physics
of systems under high pressures, pressure-induced phase transformations
and in the electronic properties of materials. Major contributions during
the period include studies on the high-pressure omega phase in Ti-V
alloy systems, the proposal of a new theoretical model for the equation
of state of high-density matter in the intermediate pressure (~ 10-100
Megabar) region and the development of a quantitative relation between
the crater dimensions and the mound kinetic energy imparted by the shock
from an underground peaceful nuclear explosion.

The seismic and microbarograph data obtained by the Seismology
Section from its field stations are used for monitoring nuclear explosions
and discriminating them from earthquakes. The research and development
work of the Section includes rock-burst data analysis, location and dis -
crimination of seismic sources using array data, determination of the
velocity structure in the earth's interior and computer simulation of these
phenomena.

The availability of the indigenously-built computer controlled-x-ray
and neutron diffractometers have now enabled high precision crystal
structure parameters to be obtained using both these techniques. Some
preliminary texture studies of uranium fuel element samples have also
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been done using neutron diffraction. The efforts to set up the protein
crystallography laboratory have continued.

The workshop facilities for the Division are provided by the
Physics Group Workshop whose staff is affiliated to the Nuclear Physic*
Division. We have had the benefit of collaboration and support from
maiiy other Divisions in BARC.

(R. Chidambaram)
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1. FURNIMA LABORATORIES

1.1 Purnima II. BeO Reflecte-1 "33U Uranyl Nitrate Solution Critical
Experiment—Progress Report *

(K. Chandramoleshwar, P. K. Job, C.S. Pasupathy, M. Srinlvasan and
K. Subba Rao)

Erection and testing work on Purnima II Reactor was continued
during the year. The twin glove boxes inside which the fuel solution
handling system is housed was installed in the reactor v.mlt. A SS
storage tank (273 mm diameter,706 mm high) with a dished bottom and
having a capacity of 9 litres was welded to the bottom of the glove box
after having it fully radiographed. Interlocking type of lead bricks
were stacked (10 cm thick x 70 cm high) around the storage tank to
shield the operator during solution handling operations.

Assembly of the various components of the solution transfer
system and associated instiumentation has been taken up. All the
stainless steel pipings for transferring fuel solution from the storage
tank to the core vessel along with the valve manifold were installed
inside the glove box. Four solenoid operated valves ensure proper
routing of the fissile solution, retention during the reactor operation,
and drain back to storage tank after ecram or manual shutdown. A
specially developed weir cup level controller has been installed in the
upper glove box. This device is used for prefixing the solution height
prior to solution pump up. A level probe in contact with the solution
in the weir cup provides both analogue and digital indication. The
entire system is currently undergoing tests using water and dilute
nitric acid solution. Fig. 1.1.1 gives an overall view of the assembly

One of the important considerations from hazard evaluation
point of view is the possibility of failure of the core vessel, storage
tank or pipelines carrying the fissile solution leading to spillage with
attendant contamination problems. Failure could either be the result
of conventional chemical corrosion due to the acidic nature of the fuel
salt solution or radiation induced corrosion due to fission fragments.
A literature survey of similar work done elsewhere was carried out
and a few simple experiments were also conducted. As a result of
these studies it was established that material compatibility has been
adequately taken care of, and it is expected that chemical corrosion
and radiation damage effects, if any. are insignificant.

* In collaboration with Reactor Contrd Division, Fuel Reprocessing
Division and Radio Metallurgy Division
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The hazards due to evolution of hydrogen and oxygen during
reactor operation have been examined in great detail. These gases
are liberated principally s.s a result of radiolysis of water by fission
fragments. The likelihood of hydrogen-oxygen build up above the fuel
solution in the core vessel and its implication vis a vis inflamability,
ignitability and possibility of an explosion have a very important bear-
ing in safe reactor operation. The critical limits of air-hydrogen
mixtures and the available free volume above the solution inside the
core vessel essentially determine the safe operating power level and
time duration of reactor operation. The times required to reach 4%
and 20% hydrogen levels for different critical levels of operation have
been established to serve as guidelines for routine reactor operation.

The ventilation scheme has been specially designed keeping in
view the unclad and liquid nature of the fissile material. Four different
and distinct patterns are envisaged, namely, during chemical handling
operations, during reactor operation, during shutdown and under
emergencies. The basic requirements are achieved by providing the
necessary hardware as follows:

Atmospheric air is admitted into the glove box, routing it through
a pressure regulation system, a flowmeter, a manual isolation valve
and through an absolute inlet filter. The air exhausted out of the glove
box is. likewise routed through another set of absolute filters, manually
operable outlet isolation valve and via the pressure regulation system
on to 'the exhaust vault. A three wa" jlenoiH valve actuated by a
pressure switch is used to bypass the sure regulation Bystem auto-
matically whenever the pressure in the ^..ire box exceeds-4 mm W.G.
and directly connects the glove box to the exhaust blower head-pressure
of-250 mm W.G. giving flow-rates of 20 so SO meters psr minute.
This diversion is immediately indicated by a red lamp on the glove box.
The pressure sensitive switch set to operate at - 4 mm W.G. and -6
mm W.G. regulates the air exhaust by directly connecting it to exhaust
and via pressure regulation system respectively. All the above have
been set up and tested.

The safety and control system together with associated drives
have also been installed. A number of drop tests have been carried
out to establish the reliability.

1. 2 Neutronics Calculations for Purnima II Reactor Assembly {Comparison
of KENO-H and TWOTRAN Calculations

(K. Subba Rao and V. R. Nargundkar)

It is known that transport theory codes give "nore accurate
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resuits than Monte Carlo code6, as the latter is subject to statistical
errors. However three dimensional transport theory calculations and
even multigroup two dimensional calculation consume formidable amount
of computer lime. So Monte Carlo calculations are used in ths case
of three dimensional geometry. In order to have sufficient confidence
in such results, a study was undertaken to compare transport theory
(TWOTRAN) keff values with the corresponding Monte Carlo (KiSNO-II)
values for a two dimensional system, namely cylindricised Purnima-II.
In TWOTRAN, two group set collapsed from 16 gr HR set was used
whereas in KENO-II, 16 gr HR set was used as such. The results are
shown in Table 1. 2. I. Core height for each concentration corresponds
to a fixed fissile inventory of 520 gms of ^̂ -̂ U.

Table 1. 2.1 Comparison of keff values calculated using transport code
and Monte Carlo code

Concentration Core TWOTRAN KENO
( g / O height keff

(cm) (16 gr
corrected)

70 44.055 1.069 1.084 + 10
90 34.275 1.075 1.105 f JO

110 28. 043 1. 057 1. 074 + 13
130 23.729 1. 031 1. 052 + 12

Taking into account the standard deviation of about 10 to 13 mk on
KENO values, the agreement is reasonably good, although TWOTRAN
values are always lower than KENO values.

keff KENO calculations with actual geometry

For Purnima II assembly keff calculations were made with
zircaloy as the structural material in the core as well as in the
reflector modules. 16 gr HR set was used in Pi approximation. The
results are given in Table 1. 2. II. keff values obtained using TWOTRAN
in the cylindricised geometry and after accounting for group collapsing
effects are also given in the table for comparison. It is to be noticed
that the agreement between KENO and TWCTRAN values is very good.
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Table 1. 2. II keff calculations for Purnima-II assembly for two
different solution heights.

Concentra-
tion

70
90
110
130

keff

KENO*
actual geom.

0. 962
1. 020
1. 080
1.10 2

for 30 cm solution
height

TWOTRAN
cy lindricised

0.985
1.040

-
1.095

keff for 35 cm solution
height

KENO*
actual
geom.

1.012
1.070
1.130
1.142

TWOTRAN
cylindri-
cised

1.023
1.080

.
1.136

The statistical errors for KENO results was + 10 mk.

Safety plate study: boral vs cadmium

It was earlier proposed to use 7 mm thick boral of density 2. 25 g
/ s - m 3 a 6 safety plate material. However availability of cadmium sheet

and ea sy fabrication of safety plate from it prompted to find out its
effectiveness as control plate material. Before undertaking plate worth
calculations for the actual geometry of Purnimall, a series of KENO
calculations were carried out on a neutron source for neutron radio-
graphy core of dimensions 13.8 cm x 27.6 cm x 26.4 cm immediately
surrounded on all sides (radially) by different thicknesses of cadmium
(or boral) followed by a thick BeO reflector on all sides. The results
are summarised in Table 1. 2. III.

Table 1. 2. Ill Safety plate worths of boral and cadmium

Safety plate
thickness

(mm)

Boral worth
KB
(mk)

Cadmium
worth,Kc

(mk) (mk)

1
2
7

253
29 3
36 6

+

7

10
10
10

238
259
297

+
7
7

10
10
10

15
34
69 7

14
14
14
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tt is clear from the above Table that boral is slightly superior to
cadmium of same thickness as a safety plate material. This is attri-
buted to 1/v absorber cross section variation (in boral) which helps in
absorbing epithermal neutrons also.

Purnima II - safety plate ring worth calculation - cylindricised geometry

Reactivity worth calculations for Purnima II core were first
carrier) out with a cylindricised geometry. Safety plate (S. P.) worths
for the full ring for 110 g/1 case (core height = 25 cm and safety
plate ring height = 18 cm) are given Table 1. 2. IV.

Table 1. 2. IV Boral and cadmium safety pl&te worths for Purnima-II
assembly

S.P. material S. P. up S.P. down &k
ami thickness keff keff (mk)

7 mm Boral 1.032 0.838 194 -I- 14
7 mm Cadmium 1.047 0.876 1714.14
1 mm Cadmium 1.034 0.883 151 + 14

This again shows that boral is slightly superior to cadmium.
However, cadmium worth is large enough to use it as a safety plate
material.

Safety plate worth in actual geometry

The differential worths of boral and cadmium safety plates
were calculated (with KENO) as a function of 2 3 3U concentration for
35 cm solution height. There was no appreciable variation in their
worths with change in concentration. The safety plate worth at diffe-
rent positions with respect to the top of the solution height changed
from 71 mk to 91 mk. The results for 90 g/1 case are summarised
in Table 1. 2. V.

Table 1. 2. V Differential worths of boral and cadmium safety plates

Safety plate material Position w. r. t. top of ' Worth
and thickness the solution level
7 mm boral 1 cm 71 £ 8 mk
7 mm boral 10 cm 91 £ 13 mk
7 mm boral 16 cm 80 +, 13 mk
1 mm cadmium 1 cm 83 £ 14 mk

• 8 mm cadmium 1 cm 102 + 14 mk
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1. 3 Analysis of the Subcritical Measurements on BeO Reflected 2 3 3 U
Uranyl Nitrate Solution System

(F. K. Job, M. Srinivasan anH V. R. Nargunrfkar)

A s e n e s of subcritical multiplication measurements were earlier
carric' out at Purnima Laboratories /I, 2 / with a rectangular paral-
lelepiped 2 33y uranyl nitrate solution system fully reflected by 0.3 m
of BeO. A preliminary analysis of these measurements was given in
Ref. 2.

During the year a thorough re-analysis of the experiment was
carried out to obtain the true multiplication of the system as a func-
tion of 233u solution concentration and its height in the core. The
major considerations in the analysis were to account for the presence
of unmultiplied source neutrons and variation of effective source
strength (defined as number of primary ^3 3U fissions caused by
source neutrons) as a function of solution height. The results of boron
calibration experiments were used to estimate the above factors.

The boron calibration technique is based on treating the equi-
valent concentration boric acid solution core as the reference dummy
core. It is established by transport theory calculations that . 217 Kg
of boric acid (H3BO3) has same macroscopic thermal absorption cross
section as that of 1 Kg of 233u_ Also, the dummy core has identical
neutronic properties such as scattering, slowing down, absorption and
leakage as the fissile solution core and differs only in the neutron
production. Thus the neutron detectors located outside the assembly
sense an increase in count rate by a factor of 'M' the true multiplica-
tion of the system when the boric acid solution in the core is replaced
by the equivalent fissile fuel solution.
Table 1. 3.1 Summary of extrapolated critical mass and keff results

for uranyl nitrate solution system

(Total inventory = 0.120 Kg of Uranium-233)

233u
cone.

(g/1)
150
120
100
80
70
55
40

Solution
height

(m)

0.071
0.085
0. 101
0. 133
0.153
0. 192
0 •*

Height/
side Ratio

0.67
0.84
1.01
1.26
1.44
1.83
2.52

Extrapolated
critical mass

(Kg)
. 398+. 030
.313+. 010
. 2 87+.028
. 287+. 028
. 2 69+. 026
. 381+. 030
. 40 5+. 030

Multiplica-
tion Expt.

.712+. 008

.721+. 008

.740+. 007

. 765+. 007
.771+. 007
.782+. 006
.736+. 007

keff
KENO

.737+.

. 782+.

. 7 84+.

. 7 87+.

.787+.

.802+.

018
020
018
017
017
020

TCF

.675+. 018

.738+. 008

.763+. 024

. 766+. 024
. 785+. 025
. 7 02+. £18
. 7 00+. 017
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Estimated critical masses from the inverse multiplication vs
l '3 plot for different concentrations of 23^U are given in

Table 1. 3.1. The results show a minimum critical mass of 269 +, 26 g
at a uranium concentration of 70 g/1 which is slightly higher than
critical mass value obtained from the earlier analysis The keff
values calculated from the experimental fractional critical mass using
Trombay Criticality Formula are also given in Table 1. 3. I. A
detailed paper on this analysis is under publication in 'Nuclear
Technology'.

References

1. Job, P. K., Nargundkar, V. R., Srinivasan, M.,
Chandramoleshwar, K. , Pasupathy, C. S., Das, S. , Mayankutty,
P. C., and Kulkarni, L. V., NPD Internal Note No. 77(1975).

2. Nargundkar, V. R., Srinivasan, M. , Chandramoleshwar, K.,
Pasupathy, C.S., Das, S. , Job, P. K., and Mayankutty, P. C.,
Neutron Physics Section Report for the period June 1974 to
June 1975, p. 59, BARC-871(1976).

1. 4 A Model for Studying the Dynamics of Power Excursions in Solution
Reactors

(S. Das and M, Srinivasan)

The experience gained from the CRAC / I / series of experiments
and the subsequent design of the solution pulse reactor SILENE IZl
have established that in a power excursion, the primary feedback
mechanisms limiting the pulse size and yield are due to gas void
temperature. Whereas the temperature reactivity effect resulting from
solution heating caused by fissions generated in the system is u
permanent feature of the reactor being proportional to increase of
temperature at any instant, the gas void reactivity effect which is
proportional to the amount of gas void present in the core solution
comes from hydrogen and oxygen bubbles produced by radiolytic decom-
position of water and is temporary since the gas bubbles migrate to
the core solution surface and escape. The process of creation and
disappearance of these gas bubbles is at the origin of the series of
reactivity and power oscillations observed in a typical "excursion
experiment".

Taking CRAC-2 3 as the benchmark experiment, a full dynamic
model that incorporates both the temperature as well as the gas void
effects has been developed. A simple-minded equation that seems to
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govern the dynamics of bubbles in solutions is of the form:

At (1)

where AV^ = Incremental change in volume of bubbles during the
time interval At,

G H 2 = Volume of released gas (H2 + £ Og) per unit energy-
deposited,

A = Cross-sectional area of the core tank,
vj, = Average velocity of bubbles in the solution,

Vbf{°) = Bubble fraction at the beginning of the time interval
At.

Eq. (l) assumes that (i) bubbles are produced uniformly throughout the
core solution volume, (ii) the entire gas that is produced by radiolysis
goes to the production of bubbles and (iii) all the bubbles that are
produced escape from the solution. Using the above equation, in
conjunction with the experimental power trace, the calculated void
fraction, Vf (defined as the ratio of void volume to total volume) was
found to oscillate between 8% and 15% (approx.). This gave rise to
the observed number of oscillations in reactivity (reactivity was
computed from void fraction using the TCF (see Section 1. 8)) but the
magnitudes were far from the experimental ones. Fig. 1.4.1 gives
plots of Vf against t for G H , = 0. 005 cm^ per joule and for three
different velocities. It is seen that v b ££ 7 cm/sec not only gives the
correct number of oscillations (17 during the first 120 sec) but also
has points of minima and maxima at the experimental points on the
time axis. Computation using different values for GH^ *nd Vfo, the
initial void fraction showed that vj, = (6.5 +_ l) cm/sec . It was also
found that the number ot oscillations in void fraction was relatively
insensitive to the actual magnitude of the bubble velocity.

In analysing CRAC-23 experiment, the point kinetic code
OPTIF was used to get the first prompt critical burst. Since this
particular experiment did not contain an external source, the chain
reaction was initiated by a cosmic ray neutron and OPTIF was
accordingly modified to simulate this. Following the prompt critical
spike, the system was always sub-prompt critical where the
instantaneous power P(t) was calculated from instantaneous Akp(t)
using the expression / 3 / ,

S ° * S d ( t ) (Ak < ?> for all t) (2)
Akp(t)

Here, SQ is the external neutron source strength (if any) and S<j(t)
£ - Xi Ci(t) is the delayed neutron source strength. Given the
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Fig. 1. 4. 1 Void fraction as a function of time

initial Cio and the initial Po, precursor population at any instant of
time t = to+ dkt was computed from the equation:

ci(t) = P(to) exp(-XiAt/2) At (3)

Fig. 1. 4.2 shows two plots of effective source strength calcula-
ted from the experimental power anH reactivity data. The continuous
curve is the result of point by point multiplication of P(t) and

A kp(t). The broken curve has been obtained by computing the
source using eq. (3) with the initial Cj0 taken immediately after the
large prompt critical burst. It is seen that the agreement between
the two is good. Thus 'in aqueous solution reactors where following
the first prompt critical burst the system seldom crosses prompt
criticality again, for purposes of safety analysis a simple sub-prompt
critical model defined by eqs. (2) and (3) is adequate and the need
for an exact kinetic calculation can be dispensed with. This can
eave computer time by an order (or orders) of magnitude. Further,
the analysis can be done with the help of a programmable
calculator.
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10 20 30 40 SO 60 70 80 90 100 110 120 130 HO ISO

TIME (SECONDS)

Fig.1.4. 2 Time variation of source in CRAC-23 experiment
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1.5 30 KW 233U Fuelled Neutron Source for Neutron Radiography at
RRC (Kalpakkam) - Status Report*

(C. S. Pasupathy and M. Srinivasan)

The detailed design of core reflector arrangement of the
neutron source for neutron radiography to be aet up at Kalpakkam
was further evolved taking into consideration the assembly/disassembly
sequence and first approach to critical procedure. Fig. 1. 5.1 shows
a layout of this arrangement indicating the plan and elevation of the

* In collaboration with Shri V. Anandkumar and Shri N. Kannan
of Materials Science Laboratory, RRC.
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Fig. 1.5.1 Core reflector assembly-Plan and elevation

reactor baser) on assembly of individual modules . Design of reactor
tank, beam tubes, detector locations, irradiation facilities were also
done in detail. A study of the facilities required for spent fuel
disposal was done and details of the spent fuel cask carrying mecha-
nism, guides, resting structure, and mezzanine extension structure
required for this are being worked out. The mezzanine extension box
will provide extra room at the top of the reactor vessel and help
in maintenance.

The shielding required for the reactor as well as the irradia-
ted test pin during neutron radiography was studied. Using high
density concrete, normal density concrete, and lead,- combinations
were worked out to bring down the radiation dose to acceptable levels
in occupied areas. Optimisation of shield thickness is being done
taking into account streaming due to various openings and skyshine
effect*.

To reduce corrosion levels to a minimum and to keep the
activity in the reactor pool water low, continuous control of water
quality is necessary. A dimineraliser anit alongwith associated water
circuits has been provided for this purpose. Collection and disposal
of active waste arising from reactor water, regenerant waste etc . ,
both during normal and emergency conditions were considered in detail
and a suitable Bystem for coilerHon, disposal and storage of waste has
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been worked out.
A shell and tube heat exchanger has been designed to dissipate

the 30 KW of power from the pool water. This will enable the reactor
to operate continuously at higher powers and prevent its sh"f -town due
to negative temperature coefficient of reactivity.

A preliminary design and safety report carrying the above
information and also details on control philosophy and user facilities
was presented to the Safety Evaluation Working Group.

1. 6 Physics Calculations for Z 3 3U Fuelled Neutron Source for Neutron
Radiography

(C.S. Pasupathy, K. Subba Rao anr\ M. Srinivaaan)

Monte Carlo calculations using KENO II code and Hansen-Roach
16 group cross section 6et were performed to study varioxis reactivity
change effects on the basic core reflector geometry for the Kalpakkam
Mini Pool Reactor. KENO II was employed as it allows a three dimen-
sional representation of the complicated system geometry and permits
an evaluation of various reactivity effects. The studies showed that

(a) heterogeniety due to the fuel being in the form of plates instead
of a homogeneous solution causes a reactivity loss of «•* 50 mk.

(b) replacement of aluminium by zircaloy as structural material in
the core as well as reflector modules produced a reactivity
gain of ** 32 nik.

(c) water gap of 7 mm all around the core caused a reactivity loss
of +* 45 mk.

(d) alteration of height to cross sectional area (H/A ratio) indicated
a marginal reactivity gain of 15 mk when H/A was changed from
1. 35 to 1. 69 conserving the core volume.

Calculations were performed to evaluate the stepwise reactivity
gain due to the addition of various reflector modules in the proposed
approach to critical sequence. Table 1. 6.1 summarises the calculated
keff values for the various subassemblies of the sequence. The
statistical error on keff is 8 to 10 mk. The detailed geometrical
representation took into account the shapes of various modules, presence
of beam holes and structural material of reflector modules.
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Table 1. 6. I Calculated keff values for the assemblies in the
proposed approach-to-critical sequence

Geometry Discreption keff

Reference geometry* 0. 881
Water replaced by BeO in module 11 0. 883
Wp.ter replaced by BeO in module 12 0.885
Water replaced by BeO in module 15 0.909
Water replace^ by BeO + H2O nurture in module 9 0.915
Water replaced by BeO in module 8 (operating condition) 0.945

* The geometry refers to the homogenised core where all the fuel
subassemblies are 'IN' and the reflector modules 1, 2, 3, 4, 5, 7, 10, 13
and 14 are loaded (see Fig. 1.5.1).

It can be seen that the maximum value of keff obtained with a
total fissile inventory of 480 gms of 2 3 3 U is ~> 0.945. While addition
of fuel can make the system critical, alternative measures like,a) reduc-
tion of water gap around the core,b) use of zircaloy as structural
material for reflector modules and c) use of more BeO in the top and
bottom axial reflector for gaining reactivity are being attempted.

1. 7 Minimum Critical Mass Systems with BeH?. as Moderator

(K. Subba Rao and M. STlmvasan)

Water and polyethylene (CH2) are the main moderators consider-
ed so far in the study of minimum critical mass systems. Of these
polyethylene has been found 111 to Rive the lowest critical mass for
the three main fissile nuclides of " 5 U , 2 3 3 U and 2 3 9 P u . The possi-
bility of using BeH2 as a moderator to further lower the critical mass
was investigated by us. The anticipated reduction in critical mass is
due to (n, 2n) reactivity bonus and better scattering properties of Be in
addition to higher hydrogen atomic density in BeH2 compared to water
and CH2. The recent report on the successful preparation of a crystal-
line form of BeH2 having a high density of 780 K g / m 3 / 2 / has given the
main motivation for the present study.

The fisBile materials considered in the present study are U,
2 3 3 U and 2 3 9 p u . The moderators and reflectors used are H2O, CH2
and BeH2 the latter of three different densities (600, 800 and 1000 Kg/m3).
Be and BeO are also used as reflectors.

The calculations were carried out in spherical geometry using
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Tal.le 1.7.1 Summary of keff results of fixe-I fissile mass systems
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Cora
Moderator

Z35D syataaa
HjO

0.6 BaHj
0.8 BtHj
1.0 Ba^

"J, -,.t...
OHj
0.6 BaEj
0.8 B*Ĥ>
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the one dimensional transport theory code DTF-IV in S4 quadrature.
Hansen and Roach 16 gr cross section set with P\ treatment for aniso-
tropy was used. Hydrogen to fissile atom ratio for each nuclide wa6
kept constant corresponding to its minimum critical mass region.
keJffs of fixed fissile mass systems were obtained for various modera-
tor/reflector material combinations. The results ars summarised in
Table 1. 7.1. Critical masses were obtained from critical core radii
search calculations. Trombay Criticality Formula (see Sec 1. 8) was
also used to get critical masses for some systems. The critical mass
results are presented in Table 1. 7. II.

The main conclusions of the study are (a) the mini.num critical
masses for thick BeO reflected spherical systems having BeH2 modera-
tor of density 25 680 Kg/m' are lower than with any other known
moderator, (b) for BeH2 of density 780 Kg/m3 (achieved so far)
critical masses are lower by r*> 15% as compared to known minimum
critical masses for CH2 r.oderated assemblies. A number of interest-
ing observations on the behaviour of different reflectors/moderators on
the minimum critical masses wer"! made. A detail paper on the work
is under publication in*Nuclear Technology.'

References

1.
2.

Thomson, J. K. , Nucl. Technol. ^3 , 235 (1977).
Brendel, G. J. et al . , Inorganic Chemistry 17_, 3589 (1978).

1. 8 A Winner Rational Variant of Trombay Criticality Formula

(Anil Kumar, K. Subba Rao and M. Srinivasan)

The basis and utility of Trombay Criticality Formula (TCF)
were emphasized in the last annual report / I / . The form of the leakage
probability (J>L ) term in the expression for TCF is given by

exp^-e( . l . / l e - fey( l - fe)} . Our attempts to find an analytical method
for estimating € have led us to an alternative form of TCF, known
as TCF(W). TCF(W) is derived from collision escape probability
considerations by assuming the form of collision escape probability
to be given by a modified form of Wigner rational approximation.
TCF(W) states,

1 +
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"

V o , » t , t e , I s j , c jV, 1/ were defined in Ref. III. f is the density of
the core under consideration. f0 is reference core density at which
Ijtet is defined. V is the surface mass density of the core giv-sn by

its mass-to-surface area ratio (M/S); °~ŝ e is the surface mass
density of the bare spherical critical core and is independent of core
density. Y is a constant that is characteristic of the core composition
at neutron energy spectrum near critical. It is defined as the ratio
of total macroscopic transport cross section of the core composition
to core density at average fis-;on neutron energy. U is a dimension-
less geometrical constant which in general is different for different
core shapes.

Numerous applications of TCF have been identified. Some of
the applications are,(a) Estimation of the increase in reactivity follow-
ing compaction of highly enriched fissile fuel during transportation
accidents; (b) Study of kef£ of highly compressed fissile cores as in
microflasion; (c) Calculation of shape factors of bare and reflected
assemblies; (d) Relation between degree of subcriticality and fractional
critical mass (fcrit) which is extremely useful in approach to critical
and fuel storage problems; (e) Estimation of void and fuel expansion
coefficient of reactivity in high leakage systems and (f) Analysis of
CRAC type solution excursion experiments in cylindrical vessels .

Reference

1. Anil Kumar, Subba Rao, K., and Srinivasan, M., Neutron
Physics Division Report for the period 1977-V8, p. 7, BARC-
1024 (1979).

i, 9 Monte Carlo Calculations for Fat Man Experiment on Purnima-I
Fast Core

(V. R. Nargundkar)

Before criticality of Purnima-I fast reactor, "fat man" experi-
ments were conducted to demonstrate the safety of manual fuel pin
loading. Linear extrapolation of the inverse count ve number of
»<iel pin plot was used to estimate the critical mass. Extrapolated
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critical tnasu was determined from the experimental multiplication data
for tliree systems; bare core, with 8. 3 cm thick radial perspex reflec-
tor, and with 8. 3 cm thick radial copper reflector.

Although linear extrapolation from far subcritical systems i6
quite acceptable from a safety point of view as it gives conservative
estimates, it is of academic interest to establish the correct critical
mass of these assemblies. Monte Carlo calculations were therefore
performed for these assemblies using the code KENO-II.

Table 1.9.1 shows the experimental and KENO calculated critical
mass (in number of fuel pins).

Table 1. 9. I. Experimental and calculated number of fuel pins of
Purnima-I critical assembly for three systems

System Bare 8, 3 cm thick 8. 3 cm thick
perspex reflector Copper reflector

Experimental 320+20 240 + 10 23 0+_10
Calculated 378+5 243+5 218+5

The underestimation of the experimental critical mass for bare
core is presumably due to linear extrapolation to critical from a highly
subcritical system (keff #~» 0. 5). The agreement between the calculated
and experimental critical number of fuel pins is very satisfactory in
the reflected cases.

1. 10 Studies on (n.2n) Multiplication Process of 14-MeV Neutrons in
Beryllium

(Tejen K. Basu, M. Srinivasan and K. Subba Rao)

Beryllium is used as a multiplier for 14-MeV neutrons in
various blanket designs of fusion systems due to its large (n, 2n) cross
section of «~ 550 mb, low effective threshold energy of #•* 2. 7 MeV and
hence a significant contribution of neutrons through secondary gen a-
tions of (n. 2n) reactions. An integral measurement of the multiplica-
tion of 14-MeV neutrons in beryllium carried out recently /I/ has
indicated that the experimental value for multiplication is lower than
the calculated value using the present day cross section Bets by about
25%. This large discrepancy could be attributed to the secondary
neutron spectra being softer than presently assumed.
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The final products of the 9
B e (n, 2n) reaction are always two

neutrons and two alpha particles, although there are several possible
reaction modes such as formation of compound nucleus '^Be, multi-
particle breakup and direct inelastic interaction forming the excited
states of ^Be. However, in most cross section data files, the (n, 2n)
reaction is usually described only as a time sequential process:

9ne(n, nj) >-. 9Be*(Wg)n2 >~ 8Be*(W8) *- Ztk

where the Ws are the excitation energies corresponding to levels in
9l?e and 8Be. In ENDF/B files four such levels in 9Be are conside-
red whereas in the ENDL file, the number of such levels is five"*".
The secondary neutron spectrum strongly depends upon the relative
contributions of the various breakup modes. Generally, it is the
inelastically scattered first neutron that carries more energy enabling
further (n, 2n) multiplication whereas the second neutron which comes
from the decay of excited 'Be nucleus is emitted at energies below
the (n, 2n) reaction threshold except for one or two decay modes.

In order to understand the influence of the secondary neutron
spectrum on the multiplication process, the multiplication of a 14-MeV
neutron in an infinite assembly (MM) was studied. Here M^ is the
number of neutrons captured per incident 14-MeV neutron and this is
also equal to I 4 number of (n, 2n) reactions. MM is a unique constant
which is sensitive to the secondary neutron spectrum but is not affec-
ted by its angular distributions. M^ for a 14. 6-MeV neutron was
obtained as 2. 56 using the data of UCRL-50520. A paper giving the
details of this analysis is under publication in Atomkernenergie.

The variation of M& (E) as a function of incident neutron energy
E was also studied. Two types of calculations were carried out. In
the first type, the spatially independent transport equation was solved
to get the neutron flux spectrum and the total (n, 2n) reactions were
calculated therefrom. In the second type, the multiplication of a
higher energy neutron was expressed as a series in terms of M«o of
lower energy neutrons. This calculation was started with a 3-MeV
neutron which has only one (n, 2n) generation. The results are
summarised in Table 1.10.1.

In the latest cross section evaluation of 9Be by Young and
Stewart 12.1 , there are 33 pseudolevels and according to them,
the secondary neutron spectra calculated using, this set agrees
pretty well with the measurements. We propose to repeat
our calculations using this data.
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Table 1.10. T Calculated Moo values using two different cross section
data sets

Data from UCRL-50520 / 3 /
Incident Neutron M*,, (E)
Energy. E

27-group cross section set / 4 /
Incident Neutron M., (E)
Energy. E

2 . 0
3 .5
5 . 0
7 . 0
9 . 0
11.0
13.0

- 3 . 5
- 5 .0
- 7 . 0
- 9 . 0
- 11.0
- 13. C
- 15.1

MeV
MeV
MeV
MeV
MeV

> MeV
B MeV

1.
1.
1.
2.
2.
2.

2.

11
30
70
03
26
38

56

2. 5 - 4. 0 MeV 1. 30

4.0 - 6.5 MeV 1. 98

6. 5 - 10.5 MeV 3. 27

10. 5 - 15. 0 MeV 5. 07

It can be seen from the Table that the M«» value calculated using the
27-group cross section set is highly overestimated as compared to
the other set. This may be due to the broad group structure of the
27 group set which is inadequate to treat the secondary neutron
spectra from the (n, 2n) reaction properly.

Since the secondary neutron spectrum strongly depends upon
the partial cross sections of various levels of "Be, a sensitivity
analysis is being carried out to study the effect of a change in the
partial cross sections on the MM value.

References

1. Basu, T. K., Nargundkar, V. R. , Cloth, P. , Filges, D. , and
Taczanowski, S., Nucl. Scl. Eng., 70, 309 (1979).

2. Young, P.G., and Stewart, L . , LA-7932-MS(ENDF-283)
Informal Report (1979).

3. Perkins, S. T., UCRL-50520 (1968).
4. Garg, S .B. , BARC-892 (1976).

1.11 21 KJ,50 KV Capacitor Bank Facility for Fusion Plasma Pinch
Studies

(Anurag Shyam, S. K. H. Auluck, P. K. Pal, and M. Srinivasan)

During the year under report,a 21 KJ, 50 KV fast capacitor
bank was commissioned. It comprises of six energy storage
capacitors of 2. 8 pF, 50 KV (3. 5 KJ each) with inductance of about
40 nH each, arranged in a hexagonal array and electrically connec-
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teH in parallel using a strip line principle giving a total bank
inductance of 32nH. Fig. 1.11. t is a schematic diagram of the bank.

SPARK GAP

TRANSMISSION
LINE

CONDENSOR

Fig. 1.11.1 Schematic diagram of the capacitor bank

Fig. 1.11. 2 shows a photograph of the capacitor bank facility.

Bank inductance has been kept minimum by bringing the high
voltage (HV) and ground plates close to each other and using six
mylar sheets of thickness 10 mil each for insulation. The mylar is
larger in area extending beyond the edge of the HV plate to avc'd
any possible flashover. Special care has been taken to minimise as
far as possible air bubbles in between the sheets. Provision is made
for placing the experimental device centrally and immediately on top
of the bank to minimise the total inductance in the discharge path.

A triggered spark gap of the overvolting type is used. The
spark gap has replaceable SS electrodes (^15 cm in dia). Triggering
is done by a fast high voltage pulse ("—SO KV, 2 Joules) from a Marx
generator. In designing and selecting different parts of the bank,
mechanical stability against transient forces of electromagnetic origin
has been taken into account.

During commissioning tests the bank was operated upto a
maximum voltage of 32 KV. The maximum discharge current recorded
was 640 KA. The current was measured with a Rogowski coil
arrangement, which was calibrated against a standard current measur-
ing resistor of 1 milliohm. Time period measurement of discharge
gave an overall bank inductance of 32 nH with a dielectric spark-gap.



/. / / . 2 Photograph of the capacitor lank facility.
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Thie is to be compared with the calculated inductance of 35 nH,
Initial tests with the dielectric spark gap gave some flashover problems.
Subsequently it was found that operation with an air spark gap was
very satisfactory and this gave a total inductance of only 45 nH at
20 KV discharge voltage. Currently the capacitor bank is being used
for studying Plasma Focus characteristics.
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2. REACTOR AND APPLIED NEUTRON PHYSICS

2. 1 Studies with the Bore Hole Model

(D. V. S. Ramakrishna, S. K. Sadavarte, MR. Phiske and
M. P. Navalkar)

A bore hole model to simulate sand-stone formations in the
earth's sub-surface is fabricated III for carrying out the experiments
to develop carbon-oxygen logging method for identifying the oil and water
zones in the formations. The measurement consists in injecting a
burst of 14-MeV neutrons in the medium and studying the inelastic gamma
ray intensities of carbon and oxygen. The ratio of carbon to oxygen
gamma rays establishes the presence of hydrocarbon in the well,
differenting the oil and water regions.

Steady state source measurements using Pu-Be source were
carried out for optimising the probe dimensions, i. e. the source-to-
detector distance, and to obtain the radius of investigation. The neutron
intensities were measured with He counter at different source-detector
distances and at four different oil concentrations. It is observed that
for a probe dimension less than 50 cm, there exists a linearity between
the counting rateB and the oil concentration upto the third zone, beyond
which the counting rates saturate. This indicates that the radius of
investigation is limited to the third zone, upto 20 cm. Experiments
with the pulsed neutron source are in progress.

Reference

1. Ramakrishna, D. V. S. , Sa^avarte, S. K., Phiske, M. R.,
Jagir Singh and Navalkar, M. P., Neutron Physics Division
Report for the period 1977-78, p. 28, BARC-10E4 (1979).

2.2 Standardisation of Rh103 (n. n1) Rh I 0 3 m Reaction

(D. V.S. Ramakrishna, O. P. Joneja and M. P. Navalkar)

The sensitivity of the method of analysis for neutron spectrum
unfolding from the activation data improves if the entire energy range
of the spectrum is covered by the response of the threshold detec-
tors used. The reaction Rhodium103 (n, n1) Rh l 0 3 m is very useful for
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the determination of the low energy part of the fast neutron spectrum
in reactors or accelerators because of its low effective threshold
energy. The gamma energy of the iBomeric transition of the reac-
tion is 40 keV, which is rather difficult to study for the absolute
activity measurement. However the 20 keV K-xray radiation released
as a result of internal electron conversion is exploited for the
acurate determination of the reaction rate.

The foil activated in the tray rod position of Cirus reactor was
counted on a lithium -Irifted silicon detector sy6tem with one mil
thick Be window, coupled to 4096 channel Canberra-80 Pulse Height
Analyser. The efficiency curve of the Si-Li detector in the energy
range 13 keV to 25 keV was established using Am-241 and Co-57
sources.

2. 3 Analysis of Variance in Monte Carlo Calculations

(K. Subbukutty and M. P. Navalkar)

There are two ways of estimating the parameters, mean (p.)
and variance (s* ), of an unknown population. One is to take 'n'
independent samples from the population and compute the mean and
variance using statistical formulae. This method is called the one-
particle method. The second method is to divide these 'n' independent
samples into 'p' groups of 'k' particles. The average of each group
is taken as an independent observation. The mean and variance are
estimated with the 'p' observations in the same way as is done in the
one-particle method. This method is known as the batch method.

Table 2. 3.1 Calculated variance of variance using one particle
method and batch method (Calculated keff of the system=
1. 022 £ 0. 02)

No. in each
batch

k
1*
10
50
100
150
250
500
1000

No. of
batch- -

p
3000

300
60
30
20
12
6
3

Variance
of variance

X
0.5278
1. 0948
1.0541
1.3620
2.5760
1.0452
0. 1572
2.3398

0.00017
0.0036
0.0176
0.0454
0.1288
0. 0871
0. 0262
0. 7799

% observation
within one Std.
deviation

49
66
66
70
70
50
66
66

* One-particle method.



-24-

To decide which method gives more reliable result, calcula-
tions were made to estimate keff for JEZEBEL system anri the
variance of variance by both these methods. The result is given in
Table 2 .3 .1 . It can be seen from the Table that the variance on the
standard deviation is less in the one-particle method than in the batch
method. But in the batch method one has the advantage of assigning
confidence limits to the estimated average. Further it is seen from
the percentage of observation that falls within one standard deviation,
one requires a minimum of 20-30 batches and 100-200 histories in
each batch. Further verification of the above conclusions is in
progress.

2. 4 Monte Carlo Calculation of Neutron Transmission Through LiH
Cylinder

(K. Subbukutty, N. N. Ajitanand* and M. P. Navalkar)

The aim of this study is to compare the Monte Carlo calcula-
tion of spectral shape of fission neutrons passing through LiH with
that experimentally observed using the time-of-flight method.

In the initial approach to the problem, the LiH cylinder was
divided into smaller segments and the spectrum obtained from one
segment was considered as a point source of neutrons for the next
segment. Although it was possible in this way to get good statistics
using a relatively short computer time, it was soon realised that the
neglect of energy-angle-space correlation (inherent in this method) was
producing considerable error in the final spectral shapes. For this
reason a single shot calculation was carried out which took 2 hrs.
of computer time. The agreement between computed and experimental-
ly observed spectra was found to be quite satisfactory.

Z. 5 Development of a Geometry Routine for Multizone Cuboid and it6
Application to Tritium Breeding Assembly

(K. Subbukutty and M. P. Navalkar)

As fusion blanket experiments have been carried out in cuboid
structure, the necessity to deal with such situations prompted us to
develop a code for cuboid geometry. The geometry is limited to
only four zones, but otherwise the number of zones are unrestricted,

* From Nuclear Physics division.
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as the limitation of thr memory of the computer arise only due to the
number of materials used in various zones when the geometry is
coupled with the random walk program. The centre of the cuboid is
taken as the origin and its sides are referred symmetrically with
respect to x, y, z axes. This routine was tested for its validity.

Using this routine, Monte Carlo calculations were made to
compute tritium production due to °Li and 7Li in a rectangular paral-
lelepiped assembly. A 20 x 20 cm2 cavity for 14 MeV source (zone 1)
was surrounded on x and y directions by 10 cm thick lead (zone 2),
20 cm thick LiAlC>2 (zone 3), and finally 20 cm thick polyethylene,
CH2 (zone 4). The length of the assembly was B0 cm. ThuB the
outer dimensions of the assembly were 120 x 120 x 80 cm 3 . The
calculated tritium breeding ratios in °Li and 7L1 were 0. 25 and 0. 08
respectively giving a total breeding ratio of 0.33. The other reaction
rates, are:leakage = 0.67, absorption = 0. 90 , and (n, 2n) reactions in
lead = 0. 56.

2.6 1024 Channel Pulse Height Analyser

(J. S. Coachman)

As mentioned in the last report /I / , a compact and portable
1024 channel pulse height analyser based on the design of Shri S.
Raghupathy, Division of Radiological Protection, was under fabrication.

The analyser uses ten general purpose printed circuit boards
and employs I. C's. For testing various circuits of the analyser the
following instruments were fabricated.

1. Two +5V regulated power supplies, one rated at 100 mA and
other at 1A, using IC type SSD 723.

2. A square wave pulse generator having a pulse repetition rate
variable from 10 Hz to 5 M Hz..

3. A test jig for IC's 7490 and 7447 and seven segment L. E. D.
indicator FND 507.

The analyser has been tested using standard gamma ray spectro-
metry. It has a storing capacity of 10° counts per channel and has
integral non-linearity figure of 0.1%.

Reference

1. Coachman, J .S . , Neutron Physics Division Report for the
period 1977-78, p. 18,BARC-1024 (1979).
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3. CRYSTALLOGRAPHY

3.1 Neutron Diffraction Studies on Push-Pull Ethylenes

(Sandhya N. Bhakay-Tamhane, A. Sequeira and R. Chidambaram)

Ethylenes having electron-attracting substituents attached to one
carbon and electron donating substituents on the other are known to
exhibit "push-pull" effects due to charge transfer across the double
bond. As a preliminary step towards precise X-N studies of the
charge distributions in these ethylene systems, the diffraction charac-
teristics of the three different push-pull ethylenes* have been examined
by single crystal neutron diffraction. Of these, the crystals of the
following compound, 1-benzoyl 1-cyano 2-dimethylamino 2-methyl
thioethylene (Sp. Gr. P21/c)

CN

(CH3)2N • " XCO(C6H8)

were found to be of good diffraction quality and were chosen for
detailed study. High precision neutron diffraction work on this com-
pound has been initiated and intensities of over 1000 Bragg reflections
have so far been recorded using the TDC-312 computer controlled
neutron diffractometer at GIRUS. The data are presently being
processed.

3.2 Study of Structural Disorder in s'-UMP. 7H?O by Neutron Diffraction

(Satish C. Gupta, H. Ra jag opal, M. Ramanadham and A. Sequeira)

In order to investigate further (see Ref. 1 for earlier results)
the detailed nature of the structural disorder associated with the
labile water molecules (3 out of 7) in crystalline uridylic acid. 7H£Oy

The crystals were supplied by Prof. K. Venkates&n of Indian
Institute of Science, Bangalore who has studied these structures
by x-ray diffraction.
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the low angle diffraction data have been recorded in two equivalent
forms using the TDC-312 computer-controlled neutron diffrac torn eter
at CIRUS. Intensities of over 800 reflections within the limit
Sin0/X ^ 0 . 4 have been measured and the data are being processed.

Reference

1. Gupta, S. C. , Sequeira, A., Seshadri, T. P., and Viswamitra,
M. A. , Presented at the X Cong. Crystallography,
Amsterdam (1975).

3. 3 Texture Studies of U-Fuel Element Samples by Neutron Diffraction

(A. Sequeira, Satish C. Gupta and R. Chidambaram)

The textures of two U-fuel element samples - one of a CIRUS
X-rod and the other of R-5 fuel rod - have been examined using the
powder neutron diffraction method.

(a) CIRUS X-rod sample

A cylindrical specimen (2.2 cm dia., 2.8 cm long) cut with
its axis normal to the fuel rod axis and indented with a fiducial mark
parallel to the rod axis was supplied by the AFD (sample Ref No.
7112). Powder neutron diffraction patterns of the first 5 Bragg peaks
were recorded for various spatial orientations of the specimen
around its cylindrical axis which was aligned parallel to the incident
beam. The profiles of the overlapping triplet (110, 021, 002) were
resolved by profile fitting procedures. The variation in the intensities
of the five peaks were converted into texture coefficients (TC) assum-
ing cylindrical symmetry about the fuel rod axis. The TC values of
these 5 reflections were used to deduce the axial texture coefficients
of the first 20 lowest order reflections, which were then used to
evaluate the scaled growth index 111 along the rod axis. The result-
ing value of the axial growth index is -0. 024. No significant radial
variations in texture were indicated by the patterns resulting from the
inner portions of the specimen alone.

(b) R-5 fuel rod sample

In this case, a cylindrical epecimen(l. 25 cm dia., J. 75 cm
long) was obtained directly from an unclad R-5 fuel pin (Ref. No.
4950). The fluctuations in the intensities of the first 5 peaks for
various orientations around the rod axis (which was normal to the
scattering plane) were recorded. These variations, however, are
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much less than those observer! with the previous sample as a function
of the polar angle. Basel on these intensity distributions, the varia-
tion in texture coefficients of the first 20 reflections have been evalua-
ted by exti apolation and user) to estimate the fluctuations of growth
index in a plane normal to the rod axis. If the average G.I.normal
to rorl axis is assumed to + 0. 012 (as Indicated by the results on the
X~rod sample), the planar fluctuations in G.I. seem to range from
-0.005 to +0.029. More detailed evaluation and correlation of the
texture and the growth properties are in progress.

Reference

1. Starbuck, J. W. anl Kloepper, H. C., ANL-6359 (I960).

3. 4 Structure of Presynaptic Toxins: Crystallization and Preliminary
X-ray Diffraction Data on Notechis II-5. a Presy.naptic Toxin
Phospholipase

(K. K. Kannan, Surendra Sinh and M. Ramaradham)

The flaccid paralysis characteristic of envenomation by snake
bite is due to protein toxins which block the nerve transmission
across the cholinerglc neuromuscular junction. Two categories of
neurotoxins I ave been characterized on the basis of their site of acti-
vity. (1) Post synaptic toxins having curare like action on the
nicotinic acetylcholine receptors of the muscle motor end plate. These
consist of about 70 amino acids and the three dimensional structures
of some of this group of neurotoxins have been well established
and their function has been well characterized. (2) Presynaptic
toxins which interfere with the release of acetylcholine from the
motor nerve terminals. The presynaptic toxins fall into two classes,
one multimeic protein complex and the other being monomeric in
nature. All these toxins exhibit: pronounced pho^pholipase activity.
In the case of the multimeric toxins, the phospholipase activity is
usually associated with one of the subunits and is an essential pre-
requisite for the toxicity. The nature of the presynaptic toxicity and
the need for the phospholipase activity is not well understood.

We have undertaken the structure function investigation of the
monomeric presynaptic toxins by x-ray diffraction work. Earlier we
had successfully reported on the crystallization and x-ray data on
Noi- cin isolated from the venom of Australian tiger snake, Notechis
scutatus Scutatus 111. Here we report the crystallization and crys-
stallographic data on another presynaptic toxin Notechis II-5 isolated
from the same Australian tiger snake venom IZl,
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Notechis II-5 is highly homologous to Notexin, porcine,
Bovine, and Venom phospholipases. It shows moderate to high phos-
pholipase activity and is 20 times less neurotoxic compared to
notexin. These toxins consist of about 119 amino acids and a mole-
cular weight of about 13, 500. Notechis II-5 was a kind gift from
Dr. David Eaker, Uppsala University, Uppsala, Sweden. The purified
lypolized powder was suspended in 0. OSMTrLs SO^ pH8.5 and
a few drops of 1M Ammonium acetate were added to the suspension
until the precipitate just dissolved. The solution was left at 4*C, when
crystals grew spontaneously overnight. The crystals are rectangular
plates having dimensions 0. 3 x 0. 3 x . 15 mm3 and diffract well and
are stable in x-rays.

12 precesion photographs were collected on a 600 watt Philips
x-ray generator using Ni filtered CuK^ radiation. The photographs
exhibited ay stematic absences along the hoo, oko and bol directions.
The unit cell parameters are following:

a = 146.1, b = 43.5, and c = 39.0 A and the space group is P2j2i2x.
The volume is 247600 A3 giving a Mathew's number / 3 / Vm = 4.5
A3/Dalton. This value is very much higher than the normally observed
one of 2.3 AS/Dalton, for one globular protein molecule per asymme-
tric unit. The homologous Notexin crystals gave a Mathewfe number
VM = 3. 05 A3/Dalton.

It is thus evident that the unit cell of Notechis II-5 crystals
consists of a dimer in the asymmetric unit which would give a Mathewfe
number of 2. 25 A3/DaUonta more acceptable value for a globular
protein.

Further work is in progress to get heavy atom derivatives.

References

1. Kannan, K. K. , Lovgren, S., Cid-Dresdner," H., Petef, M.
and Eaker, D. Toxicon J5, 434 (1977).

2. Halpert, J. and Eaker, D., J. Biol. Chem. 25£ 7343 (1976).
3. Mathews, B. W., J. Mol. Biol. 33, 491 (1968).

3; 5 Refinement of the Structure of Triclinic LyBozyme (HEW) at 2. A
Resolution

(M. Ramanadham, L. C. Sieker* and L. H. Jensen*)

Stereochemlcally restrained least-squares refinement of the
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crystal structure of triclinic hen-egg-white lysozyme at 2 A resolution
has been successfully completed. The refinement was originally
started at the University of Washington and completed here by doing
three more cycles. The method /I, 2 / involves applying stereo-
chemical restraints of various types, such as inter-atomic distances,
planes, chiral centers, isotropic B values and non-bonded contact
distances in the form of 'observational' equations. By a proper
choice of relative weights between structure-factor observations and
restraints, the molecular model can be refined to obtain the best agree-
ment factor between Fo^a and F c a i c values and stereochernically
meaningful geometry.

Refinement of lysozyme involved simultaneous adjustment of
4961 parameters, from 1001 protein and 239 solvent atoms and a scale
factor, against 7131 independent FobB values with d ^ 1. 97 A and about
3000 restraints. The final R-factor is 0.179. The rms discrepancies
between various types of model and ideal distances, before and after
completing the refinement, are listed in Table 3.5.1. A stereoscopic
picture of the ot -carbon chain is 6hown in Fig. 3. 5.1. Apart from

-CHPIH M-U90ZTICIHEM1 CA-OftlN

Fig. 3. 5.1 Stereoscopic picture of alpha-carbon
chain for Triclinic Lysosyme (HEW).

the improvement in interatomic distances, there was an excellent
overall improvement in the planarity of various groups of atoms,
chiral centers and other aspects. Fig. 3.5.2 shows the B values of
main chain and side chain atoms against their residue numbers.

The B values are quite small compared to those in many other
proteins . At this stage, the solvent has 239 molecules of water with
occupancies ranging from 0. 5 to L 0. It is necessary to refine these
occupancy factors and include some more waters in the model. These
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Fig. 3.5.2 B values ve residue numbers for Triclinic
Lysozyme (HEW)

and other aspects of the study, will be carried out during the next
phase of refinement using 1.5 A resolution data.

Table 3.5.1. Comparison of the rms discrepancies between model
and ideal distances before and after completing the refinement

Distance
Type* Number

1
2
3

* 1:

1021
1379
366

Covalent bonds,

References

1.
2 .

Konnert, J. H.
Hendrickson,

2: 1-3

Sigma rms Ad (A) rms
(A) initial model final

0. 05 0. 141 0.
0.10 0.246 0.
0. 10 0.237 0.

atom distances, 3: 1-4 atom •

. Acta Crvst. A32. 614 (1976).
W. A.

Structure, Function,
R. Srinivasan (Ed.)

Ad(A)
model

032
084
077

distances

and Konnert, J. H., in "Biomolecular
Conformation and Evolution",

(Pergamon, Oxford, 1980).

* From the Department of Biological Structure, University of
Washington, Seattle, USA.
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3. 6 Binning of Bivalent Copper Ions to Triclinic Lysozyme (HEW)

(M. Ramanadham, B. J. Birknes*, L. C. Sieker+ and L. H. Jensen+)

A study of the binding of bivalent copper ions to triclinic
lysozyme, originally started at University of Washington, was continued.
A preliminary analysis shows that there are two copper sites in the
unit-cell. The first one is in the vicinity of the residues GLU-35 and
ASP-52. The copper ion is within 2 to 3 A from the side-chain
carboxyl group of GLU-35 an^ more than 4 A from that of ASP-52.
This result is in disag reement with a similar study carried out on
tetragonal lysozyme by Teichberg et al. / I / . However, our results
are in good agreement with other studies on metal binding to triclinic
lysozyme IZl. The second site is in the solvent region. ASP-87 is
the closest residue, about 3 A to this site. We have used 3-dimen-
sional data (more than 6900 observations with d «?- 2. 0 A) in our
analysis. Further work is in progress to refine the parameters
associated with the copper sites in the unit-cell.

References

1. Teichberg, V. I., Sharon, N. , Moult, J., Smilansky, A. and
Yonath, A.. J. Mol. Biol. _§£ 357 (1974).

2. Kurachi, K. , Sieker, L. C. and Jensen, L. H. , J. Biol. Chem.
250, 7663 (1975).

3. 7 Estra Sulfone-Comparison of Two X-Ray Data Sets

(Surendra Sinh and V. M. Pad manabhan)

Estra Sulfone - a heterocyclic steroid, has been synthesized
in Bio-Organic Division, BARC. The molecular structure was solved
using MULTAN from data collected photographically and on CAD-4
diffractometer at Indian Institute of Science, Bangalore / I / . The
CAD-4 data refines to an R factor of 0. 070 for nonhydrogen atoms.
Complete three dimensional data on another crystal of same compound
was collected on TDC-312 controlled x-ray diffractometer (TXD) in our

* From University of Tromso, Norway.

+ From University of Washington, Seattle, USA.
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Division. This data gave an agreement factor of 0.082% for non-
hydrogen atoms.

Inter-experimental comparison has been done on the basis of
half-normal probability plots 12.1 and^K2 tests / 3 / on positional and
thermal parameters obtained from the CAD-4 and TXD data sets. The
positional and thermal parameters have been compared separately and
the half-normal probability plots for both are straight lines passing
through the origin (Figs. 3.7.1 and 3.7.2) showing that the errors are

4.0

o.o
o.o 1.0 2.0

EXPECTED WOUE
J.O

Fig. 3.7.1 Half normal probabi-
lity plot for inter experimental
comparison of position parameters

Fig. 3 .7 .2 Half normal probabi-
lity plot for interexperimental
comparison of thermal parameters

1.0
EXPECTED VALUE

2.0

normally distributed. The positional parameters give a half-normal
probability plot with slope 1. 21, thereby showing that the standard
deviations have been underestimated by about 20%. But, the half
normal probability plot for thermal parameters gives a slope of 1.71
and this would mean that the standard deviations for thermal para-
meters are highly underestimated. A comparison of equivalent
isotropic temperature factors for each atom (Beq*m 8 TT* X

(U2 + Uj + U | )/3, where Ulf U2 , U 3 are r u t amplitudes for
vibrations afimg the principle axes), shows a systematically higher
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value for CAD-4 data in
comparison to TXD data. The
average e x c e s s being 0.16 A .
When this isotropic e x c e s s i s
deducted from CAD-4 thermal
parameters , the half normal
probability plot g ives a slope
of 1. 57 (see Fig. 3. 7. 3).

Fig. 5. 7. 3 Half normal
probability plot for inter exper i -
mental comparison of corrected
thermal parameters (as explained
in the text)

The values of S2 defined as 21
all atoms for different parameters are:

witn summation over

15
y
28

ii 2 2
22 28(54) 176(113) 18(17) 19(19) 103(110) 24(26)

whereas 3C?? n QJ - 35 and the numbers in the parentheses correspond
to values after* the correct ion for e x c e s s isotropic temperature factors
have been made as described ear l ier .
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3.

Sinh, Surendra, Padmanabhan, V. M., Neutron Physics Division
Report for the period 1977-78, p. 36, BARC-1024 (1979).
Abrahams, S. C. and Keve; E. T., Act a Cryet. A27, 157(1971).
Hamilton, W. C., Acta Cryst. A25, 194 (1969).

3. 8 The Crystal and Molecular Structure of L-Prolyl-L-Methionine.
Monohydrate

(y. S. Yadava and V. M. Padmanabhan)

The prolyl peptide (with sulphur in the side chain), crystal-
lizes in the monoclinic space group P2j with one molecule of water
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Fig. 3.8.1 The crystal struc-
ture of L-Prolyl-L-Methionine
projected down the b-axis.

of crystallization. The unit cell
parameters as determined from
the diffractometer data by least
squares refinement areja =
19. 385(4); b = 5 . 482(1), c =
6.414(1); p = 93. 21°and Z = 2.
Intensities of about 1000 indepen-
dent reflections were recorded on
the Trombay computer-controlled
diffractometer usuig CuK^ radia-
tion ( > = 1. 5414A). The struc-
ture has been determined by
direct methods using MULTAN.
At the present stage of refinement
(R = 0.10), it is noted that the
peptide is in extended conforma-
tion and the sulphur and the
terminal methyl group of the side
chain have large thermal para-
meters. The crystal structure
projected down b-axis is shown
in Fig. 3. 8.1.

3. 9 Benzylidine-2:3:5;6 Dicyclohexane-2-Pyrrolidino-4-Fhenyl-2:3 Dihydro-
1:4 Pyron:-A Preliminary X-Ray Study

(Surendra Sinh)

The above compound, which in of as importance in fixing the
stereochemistry of cycloaddition of enamines to tL - P> -unsaturated
carbonyl compounds, has been synthesized on the Bio-Organic Division
BARC. The compound has been crystallized by slow evaporation of
its methanol solution. Preliminary studies using the TDC-312 control-
led x-ray diffractometer (TXD) have shown that the compound crystal-
lizes in a triclinic epace group (PI), with the following unit cell para-
meters:

a = 10.70(1)1, b = 13.19(2)A, c = 9. 35(l)A, cL = 99. 86*(0. 0$, £ =
66.0fl0.04}, Y = 104.34^0.02*).

Further work on structure determination Is in progress.
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3.10 Computer Programs Developed aiH Implemented

3.10. 1 Program ORTABS

(H. Rajagopal, A. Sequeira and R. Chidambaram)

This is a modified version of the earlier absorption correction
program. ORABS.-'Zl/, for correcting single crystal X-ray and neutron
diffraction data recorded using 4-circle diffractometers. The program
has been commiesioned for theDEC-1077computer system and incorporates
the following new features:

a) The size of the Gaussian grid could be varied from 4 to 32
(in steps of 4) in each of the three directions.

b) The crystal bounding faces could be defined in terms of the
Miller indices, as an additional option, in addition to giving the
equation of faces in a crystal cartesian system.

c) Data recorded in the asymmetrical setting could also be correc-
ted.

References

1. Wehe, D. S., Busing, W. R., and Levy, H.A., ORNL-TM-229
(1962).

3.10. 2 8K-Software Package for TDC-312 Computer Controlled Neutron
Diffractometer

(H. Rajagopal and A. Sequeira)

The TDC-312 software package is modified and updated in view
of the additional 4K memory incorporated into the computer system
last year. A new program for refining the cell and orientation para-
meters has been developed and is being debugged. This will be
integrated with the existing package by means of command induced
memory swapping procedures. This program adds the following six
new commands to the system*.

1) /PI « Parameter input (», b, c, cosot. , c o s £ , cos Y , TCp,
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•Z) /RI - Input indices of orienting reflections (hp, k_, 1_, hs,
k8, Is)

3) /KI - Input key integers to specify the parameters to be
refined (9 out of 14 parameters could be varied per
cycle)

4) /RO - Read observation data (Max. no. of observations,
NO = 30) (NO, h, k, 1, Z&, % ,<fi and 6i for each
observation).

5) /LS - Input no. of least squares cycles (NC), Performs NC
L. S. cycles and outputs new parameters.

6) /CM - Compute new UB matrix.

3.10.3 Program UB MATRIX

(V.S. Yadava)

A FORTRAN program 'UBMATRIX1 has been written to obtain
the orientation matrix of an unknown crystal mounted on a. four-circle
diffractometer. The program calculates the orientation matrix and
the unit cell parameters from Bragg peak positions and include* the
transformation of the primitive cell to the standard cell.

3.10. 4 Implementation of Computer Programs Related to Macroroolecular
C r VB talloq r aphy

(M. Ramanadham and K. K. Kannan)

The Sept/Oct 1977 versions of the restrained least-squares
programs PROTIN and PROLSQ, along with a structure-factor program
SFACTOR, originally used at the University of Washington, were
adapted to DEC-1077 system at TIFR. These programs were used to
refine the structure of lysozyme.

The December 1978 version of PROTIN and PROLSQ, which
are considerably different from the earlier versions, have been
obtained from Dr. W.A. Hendrickson, Naval Research Laboratory,
Washington, D. C., USA. These programs have been implemented
on DEC-1077. They will be used for refinement of the structures of
carbonic anhydrase B and C forms and triclinic lysozyme.
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We have also implemented the Fast Rotation Function programme
system Hue to Dr. A. Crowthers, MRC Cambridge and the Rotation
function programme Hue to Prof. M. G. Rossmann, Purdue University,
USA on the DEC-1077 computer system at TTFR.
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4. MATERIALS PHYSICS

4.1 The Study of Electron Momentum Density in
Annihilation Angular Correlation Method

CO -Zr by Positron

(Surinder M. Sharma, S. K. Sikka and R. Chidambaram)

The band structure calculations / I / of ai and eo phases of
zirconium predict significant changes in the electronic structure on
o£-^C»i transformation. To check these, the electronic momentum
distribution of both cL and t*i phases have been studied by positron
annihilation angular correlation technique. The angular correlation
apparatus used has already been described briefly in our last
divisional report / 2 / . In the present experiment, the slit width
chosen was 1 mrad and the data recorded with a step of 0. 5 mrad.
The positron source used was "4Cu, of about one curie strength
obtained by irradiation of a disc (8 mm dia, 80 mg weight) in the
CIRUS reactor. Peak counts at 6 = (," were <— 104.

The angular correlation curves for the two phases (normalised
to the same area) are shown in Fig. 4.1.1. It can be seen that peak

annihilations in U -Zr are larger
and in the tails smaller than JL -Zr.
This feature suggests that conduc-
tion states are more delocalised
in the CO -phase (it may be noted
that the samples used for the

g I \ experiment contained large single
crystal grains). This is consistent
with the delocalisation of d-elec-
trons, brought by closer packing
of B sites in the (O -phase, caus-
ing the broadening of the d band

I14 which is also predicted by band
structure calculations / I / .
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Fig. 4.1.1 Angular correlation
curves for alpha and omega
zirconium.
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i, 2 Effect of Charge Density Waves on Positron Effective Mass

(Surinder M. Sharma)

An incommensurate charge density^wave modulates the crystal
charge density with a wave vector C_ (^ G). This incommensurate
modulation redistributes the valence charge in interstitial region and
consequently changes electron energy band structure and wave function*.
The positron which is a sensitive probe of momentum densities,
responds to the modulation by conforming to the new distribution. This
can have three effects:

(a) Positron band structure changes, hence changing its effective
mass. This change is comparable to that caused by the lattice
potential.

(b) Electron momentum density change causes anisotropy which,
when averaged, will imply higher effective mass.

(c) The phase modulation of charge density waves (called phasons)
is expected to lead an effective contribution (equivalent to
positron-phonon interaction) by distorting the equillibrium
distribution.

A quantitative study of the various effects is being done.

4. 3 Theory of Deviations from Matthiessen's Rule

(Surinder M. .Sharma)

An analysis of experiments on deviations from Matthiessen's
rule (DMR) by Cimberle et al. /I, 2/ showed that there are some new
features of experimental characteristics which do not seem to have an
apparent explanation in terms of the theory which is based on compet-
ing nature of scattering processes. Impurity is assumed to scatter
electrons isotropically while electron-phonon Umklapp processes are
very anisotropic. These features are:

(a) At any temperature, Matthiesnen's rule is valid below a
critical resistivity f/ (T). This shows approximately T2
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dependence on temperature in most of the polyvalent metals.

(b) At the same reduced temperature (T/0p), fo (T) is higher for
metals of more complicated Fermi surface.

(c) In alkali metals, the rate at which deviations from Mattheissen's
rule are induced, as a function of residual resistivity, is
comparable to that for polyvalent metals.

We have shown / 3 / that the first two observations can be explain-
ed by modifying the criterion marking the onset of deviations. It can
be argued that DMR is very strongly related to the nature of the solu-
tion of Boltzmann equation which in turn is governed by the nature of
the scattering processes. In pure polyvalent metals electron-phonon
Umklapp which is most dominant near the zone boundary :X low tempera-
tures, decides the nature of the solution. As an impurity is added, we
have a competing impurity (isotropic) scattering. Because the solution
of the Boltzmann equation is determined by the nature of total scatter-
ing we feel that the criterion marking the onset of DMR should be*

Deviations from Matthiessen's rule manifest themselves when
the isotropic relaxation time of the impurity becomes comparable with
the relaxation time due to electron-phonon Umklapp processes near
zone boundary.

This condition is physically more appealing from the point of
view of solving the Boltzmann equation than the comparability of residual
and intrinsic resistivity being used earlier. We have shown that this
criterion leads to the quadratic temperature dependence of critical
resistivity. From this point of view it also follows that as the Fermi
surface becomes more and more complicated, due to the intersections
with zone boundaries, the relative magnitude of Umklapp scattering
also increases and hence requiring higher critical resistivity.

Alkali Metals

In alkali metals the Fermi surface is assumed to be spherical
and simply connected. This results in the freezing out of Umklapp
processes at low temperatures. As a consequence, the ratio of Umklapp
to normal scattering in these metals is smaller than in polyvalent metals
and hence in terms of above mentioned theory that rate of deviations
i's expected to be smaller /4/ than in polyvalent metals. But experi-
ments contradict this conclusion. We feel that the clue to this lies in
the possibility of incommensurate charge density waves (ICDW) in the
ground state. Various recent experiments provide indirect evidence/5/
for the same. The optical absorption data on K requires an energy
gap of 0. 6 eV at Q = 1.33 (2 IT/a) in£llO] direction. For Na it is
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1. 2 eV at Q = 1.35 (27T/a) in [ 110]direction. This magnitude of the
energy gap at the above-mentioned Q is sufficient to make the Fermi
surface multiply-connected. This multiply-connected nature of the
Fermi surface allows Umklapp scattering to again become domlnent
Id I. But because Q ̂  G these umklapp processes are of a different
nature and may be termed as 'CDW-U processes' to differentiate from
the usual ones. We have shown 111 how the inclusion of this new
class of processes makes the rate of deviations comparable with that
in polyvalent metals.
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4. 4 High Pressure Studies on Titanium-Vanadium Alloys

(Y. K. Vohra, S. K. Sikka, E. S. K. Menon*, and R. Krishnan*)

High pressure resistivity measurements by opposed anvil
apparatus wsre followed by x-ray diffraction and transmission elec-
tron microscopy of the pressure-treated samples to see the pres-
BUre-induced structural changes In a prototype omega forming alloy
system, i.e. Ti-V. Four alloys, viz. Ti-5V, Ti-lOV, Ti-20V and
Ti-28V, were studied. The results of these studies are summarized
i<i Table 4.4.1. The main conclusions are as follows:

(a) The pressure induced eL" • • *-** transformation proceeds
via the bcc (/2>) intermediate state. The atomic movements
required to go from oi to |i and p to to phases are
indicated in Fig. 4. 4.1.

(b) In dilute quenched alloys in ^-phase, the addition of vanadium
to Ti ia found to decrease the (O -start pressure (10 kbar
for Ti-lOV alloy compared with (*> -start pressure range of

* From Metallurgy Division



Table 4.4.1 Results of high pressure studies on Ti-V alloys

Sample Heat
Treatment

Initial Phase
X-ray
diffrac-
tion

Electron
diffraction

High pressure
Resistivity
Measurements

Final Phases Comments
X-ray*
diffraction

Electron**
diffraction

Ti-SV

Ti-lOV

U00 C-15 mts
-Water quen-
ched

-do-
(diffused)

CO -start pres-
sure 10 kbar

(ot + u )

Transformed regions
giving p-to , «'+ p + CO
and A* - CO patterns.
From the presence of
P -phase and the
orientation relations
observed the path of(X-»GJ

transformation is
conclusively proved to
be via 6 - phase.

Ti-lOV

Ti-20V

1100° C-15 mts
-700 C-lhr
-Water quen-
ched

95O"C-15 mts
-Water quen-
ched

-do-

(OC + p )

0

P

(ut+p+co}

(diffuse 0))

P
(diffuse <o)

No transition
detected upto
80 kbar

-do-

-do-

(a + p)

p
(line broad-
ening
observed)

o

No change in morphology.
p-9CO transformation
not confirmed.

CO -particles seen in
bcc grains. Clear
evidence of B->Ci3
transformation under
pressure

Ti-28V (p+U) p->CO transformation
under pressure observed
here also but to a lesser
extent compared to
T1-20V alloy.

* X-ray diffraction patterni were taken after the resistivity run.
** Aft«r pressure treatment at 80 kbar for 24 hrs.
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The geometric rearragementB
required to produce (llZO)^
planes from (0001)^ and (01l)»
planes are shown by the trans-
lations of atoms marker) a to
f to positions marked as a1 to

r.

Fig. 4. 4. 1 Atomic configurations on (0001), (OllL and (1120)^, planes

(Equilibrium)

0CW /

1 /.•» /

/ /
/ /

(Non -equilibrium)

Fig. 4. 4. 2 Proposed equilibrium and metastable P-X
diagrams for an A-B omega forming alloy sys tem.
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29 kbar to 60 kbar for various Tl-samplet- /1/J. This lowering
of to -transformation pressure is expected as alloying leads
to the closing of the gC— CO free energy gap III.

(c) In quenched single phase hct(J i ) alloys the p •> r.o transfor-
mation was also noticed under high pressures . This shows that
similar to |3> —>~CO transformation during thermal treatment
it occurs under pressure also. Furthermore, it was found
that it is difficult to induce the f&-»- CO transformation in
vanadium rich alloys, confirming the rapid increase in
free energy gap in vanadium rich compositions /Z / .

(d) Based on our studies, a metastable phase diagram showing
various two-phase regions in pressure-concentration (P-X) plane
has also been proposed (Fig. 4.4.2).
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5 Study of Orientation Relationship Between Phases in a Phase Trans -
formation by Neutron Diffraction

(Y.K. Vohra, S. K. Sikka and R. Chidambaram)

Neutron diffraction technique was used to determine the
orientation relat ionship betweenoC(room pressure) anHfO(high pressure)
phases of Ti and Zr. The Ti and Zr crystal bars (hep-phase) as
grown by iodide refining and used in the synthesis of Oi -phase were
having prominent texture. A double crystal diffractometer (DCD)
111 with a monochromatic neutron beam of % - 0. 8434 A was
employed 'or texture analysis. The CL-ZT texture results are shown
in Fig. 4.5.1 where the rocking curve for (002) reflection is shown
with the cylindrical axis horizontal. This shows thai most of the
grains in case of eC -phase are having their basal plane aligned paral-
lel to the plane of the disc. Further, the rocking curve with the
cylindrical axis vertical for (100) reflection showed that there were
only a few big grains present in the sample (this is also confirmed
by optical micrography).

The iO-Zr was synthesized under high pressures and high
temperatures IZl and its texture analyzed in a similar way. The
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Fig. 4 .5.1 The rocking i nrve fcr (002) reflection
showing t"ie t .xture in original crystal bar of zirconium.

vocMng curve with cylinrirical axis horizontal for £O -Zr is shown in
Fig. 4. 5. 2, for (Oil) reflection. This shows that now most of the
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Fig. 4 .5. 2 The rocking curve for (011) reflection
after pressure and temperature treatment showing
texture in omega zirconium.
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grains have (Oil) plane contained In the plane of the disc. From this,
we get the following orientation relationship (001)^ \\ (011)^
The Bame relation has been obtained / 3 / from pressure treated T'
and Zr thin foils by selected area electron diffraction. However,
the resultB obtained by neutron diffraction correspond to those in
bulk from crystallites which are macroscopic while in the case of
electron diffraction, information is obtained from grains of \*-m size
or so.
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4.6 Potassium Chlorate, a New Ferroelastic

(V. K. Wadhawan)

The detection of ferroelasticity in KCIO3 was reported in the
previous Annual Report. The observed systematics of the ferro-
elastic domain structure leads us to the unusual result that the magni-
tude of spontaneous strain, G\ , for this crystal is 0.257 at room
temperature, the highest value reported so far for any ferroelastic.
From the domain structure, the Aizu species for this crystal has been
deduced as 4/mmm F 2/m (s), with the diad of the monoclinic phase
making an angle of 45 with the conventional x-axis of the prototype
phase.

In fact, the prototype phase of KCIO^ can be either tetragonal
(4/mmm), or cubic (m3m). But since m3m is a supergroup of 4/mmm,
the two possibilities are not mutually exclusive. A cubic prototype
would require the existence of 45 different types of domain walls in
a full (and therefore proper) monoclinic ferroelastic, and a tetragonal
prototype would require upto 9 such walls. The actual number obser-
ved so far in KCIO3 is 4. Thus KCIO3 is either a partial ferro-
elastic with a cubic prototype (and a tetragonal intermediate phase),
or probably a full ferroelastic with a tetragonal prototype.

To resolve the question of full or partial ferroelasticity in
KCIO3 , the behaviour of spontaneous strain as a function of tempera-
ture was examined using the thermal-expansion data of Ramachandran
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Fig. 4., 6.1 Square of sponta-
neous strain with temperature
for ferroelastic potassium
chlorate.
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and Lonappan /I / . Fig. 4. 6. 1 show6
a plot ofCTg against tempera-
ture. The variation in the monocli-
nic phase (below 523°K) is linear.
This implies a mean-field type of
behaviour with a value \ for the
critical exponent p> . In general,
such behaviour is to be expected
for crystals in which spontaneous
strain is the primary orriei para-
meter IZl. Thus there is some
evidence that KCIO3 is a full
ferroelastic, with a tetragonal
prototype. A paper giving the full
details of this work has been
submitted for publication in Acta
Cryst. A.

1. Ramachandran, G. N. and Lonappan, M. A. , Acta Cryst. 10
281(1957).
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4. 7 Equation of State for the Intermediate Region

(B.K. Godwal, S. K. Sikka, and R. Chidambaram)

The static and dynamic shock compression experiments are
limited to pressures below 10 Mbar and the Thomas -Fermi-Dirac
(TFD) atom model can be used to predict the shock behaviour of metals
down to pressures of 100 Mbar. In the intermediate region, a few
experiments have been carried out using underground nuclear explo-
sions and laser energy deposition /1-3/ . So far there have been
no serious theoretical attempts / 4 / to interpret these experimental
PV data. The practice used for this region is to interpolate the PV
data between the experimental and the high density TFD region. The
present work is an attempt to theoretically investigate this region.
The PV curves have been computed for the elements aluminium,
molybdenum and lead for which the experimental data exist.

The intermediate pressure range is of interest because tempera-
ture and pressure ionisation effects strongly controlled by atomic
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shel l structure, nominate many physical j>r ope-r t i e s . While approaching
the intermediate region from thf 'experimcnta?' .si-lt- (i. e. pressure
fi 10 Mbar), these pressure an1 thermal ioni.'iation effects have been
simulated through the degenerate Sana ionisntion equation modified for
the pressure ionisation effects Ibl.

These Saha's solutions were used to obtain the electronic
excitation and ionisation contribution
to tot.nl energy and pressure and the
effective ion charge ?.. The pseudo-
potential energy band method already
used by us for the shock Hugoniot
equation of state of aluminium Ibl upto
2.5 Mbar of pressure was employed
to get the(*K and the lattice thermal
contribution. Finally these contri-
butions were added and used in
Rankine Hugoniot relation to obtain
the Hugoniot pressure and tempera-
ture.

The computed Hugoniot pressure
versus V/Vo for aluminium are dis-
played in Fig. 4. 7.1 along with the
data of Trainor et al 17,1. The
agreement is good. Similar agree-
ment is also found for the elements
Pb and Mo. Good agreement bet-
ween computed and experimental
CV data shows that this model
provides to some extent a first
principle theoretical interpretation
of the shock PV data in this
intermediate region.

Fig. 4. 7.1 Computed Hugoniot
pressure vs V/V o for aluminium
and its comparison with experi-
mental data
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4. 8 Electronic Contribution from Shcll-Correcte-i Thomas- f'ermi Model

(U.K. Godwal)

At intermediate high pressures an.' temperatures, the usual
TFD model i>; not satisfactory because of the presence of shell effects.
Efforts have been made to approach this region from the high density
TFD side by incorporating shell structure and accounting for the
discrete nature of the bound states /1-3/. In this approach we have
used shell corrected TFDEOS for computing the electronic excitation
contribution to the total energy and pressure to be used in the equa-
tion of state calculations. The calculations have been done for the
element iron for which the experimental data exist.

Starting with the form of potential given by Rozsnyai / 3 / and
the electron density in the Thomas-Fermi approximation, the TFD
equations were self consistently solved to get the TFD potential. This
was then used as an input in the Hartree-Fock Slater procedure to
obtain the single electron energy levels. We employed Herman-
Skillman's /4/ procedure for this. The finite matter density effects
were incorporated by limiting the number of bound levels. The
number of bound electrons at a given temperature was calculated from,

101 ~" 2(21+1)

[exp( -
+ Nb

0 10 M
Ttmptraturt, T (ev)—•

Fig. 4. 8. 1 Calculated tempera-
ture variation of electronic
thermal excitation pressure for
iron at f I fo = 2. 5.

N = Nf

where Nf = Number of free elec-
trons and the number of bound
electrons is given by N^ss-Sp- Sni,
n and 1 are principal and oriiital
quantum numbers. The tempera-
ture variation of electronic thermal
excitation pressure as obtained from
our calculations for iron ( P/fo-2.5)
is shown in Fig. 4. 8. 1. These were
utilized for equation of state calcu-
lations. Further our investigations
showed that bound energy levels did
not change much ( r*j 1. 5a. u. to 2. 0 a. u. )
for the case P/fo 2.5 and T=10 eV
compared to ?lfo = 1. 0. This can
also be noted from the investiga-
tions of Rozsnyai / 3 / who finds 4
to 6 a. u. difference in the core
energy levels of the Thomas-Fermi-
atom when the density takes the

value of ̂ 20 Po and the temperature is 100 eV.
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4. 9 Ionization Equilibrium Equation of State (IEEOS) - for Multicomponent
7, matter

(B.K. Godwal)

)o a**d CDg plasmas are of significant importance in control-
led thermonuclear fusion studies. The detailed understanding of the
mechanism of energy transport through these heated plasmas is needed
in order to find the optimum conditions for controlled fusion. The
quantities needed are free electron density, concentration of various
ionic species and the populations of the various energy states for a
given ion. The IEEOS formalism used for high Z plasmas by us / I /
is now extended for mixtures and applied to SiO? and CD? plasmas.

The concentration of various ionic
species present in SiO2 plasma at
a temperature of 100 eV and f /fo =
1. 0 are as follows:

For Si; 2. 3 x 10-7, 3. g x 10'6,
6. 2 x 10"4, 2. 2 x 10-\ 5. 4 x 10"3,
8. 7 x JO"3, 7. 9 x 10 -J, 1. 4 x 10'3,

2.4 x 10-4, and
in ionisation states 1+ to

10

ui
3

in

10

IEEOS CURVE

-CATF0 CURVE

10' 10' 1
El am (tt12 ergs units)

Fig. 4. 9. 1 Calculated high
temperature equation of state
for SiO2 at f /fo = 1. 0

1.5 x 10-3

2.5 x 10 " 5 o i a i o n state
11+Ifor O: 2. 3X10"6, 3. lxlO"5,
3. 4 x 10"4, 3.0 x IO-3, 1.8 x 10"2,
8.7 x 10-2, 1.0 x 10-3, and
3.1 x 10"6 in ionisation states 1+ to 8+.

In Fig. 4. 9.1 we have shown
the high temperature equation of
state computed for SiC>2 using IEEOS
solution and CATFD /2/ model.
Good agreement above 100 eV of
temperature is indicative of the
fact that IEEOS mixture formalism
gives reliable results.
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<t. 10 On the Slope of the Linear Relationship between Shock and Particle
Velocitiefa for sp-Metals

(S. K. Sikka and B. K. Codv/al)

The Hugoniot equation of state measurements on a variety of
substances demonstrate the following remarkable linear relation between
the ehock velocity, Us and particle velocity, Upt

Us = C + S Up

Although the constant C has been shown to be the hydrodynamic sound
velocity, neither the basis of this linear relation nor the significance of
the S parameter is well understood. Alder III has termed this a
challenging theoretical problem.

We have used energy band methods to investigate the significance
of the parameter S. First, the S values have been calculated by the
pseudopotential method for 12 sp-metals. Very good agreement is
obtained between the calculated and the observed values (metal So b s ,
S c a l : Li 1.08, 1.07, Na 1.25, 1.14; K 1.175, 1.15, Rb 1.21, 1.19; Be
1.13, 1.04; Mg 1.26, 1.27; Ba 1.08, 1.41; Al 1.34, 1.29; In 1.53, 1.40;

Tl 1.39, 1.41; Sn 1.59, 1.46;
Pb 1.538, 1.49). It was also found
that S depends uponY*, the core
radius used in the Abchcroft's poten-
tial. The following analytic expres-
sion was then derived between the
shock 'hard core1, Vs (defined
through the relation
and HA

3ZE = 0. 6 Zc+1.

Fig. 4.10,1 Y8/*A versus Zc.
The two theoretical curves are,
-, ... with Slateris exchange,
- » - . . - - Kohn-Sham exchange,
o: experimental average values,
x: calculated average values.

Y« ~

Here Zc = conduction electrons,
i*- - exchange constant and Zg =
effective charge corresponding to
radius Ys. Ys/'A from the above
two equations are compared with
experimental values in Fig. 4.10.1.
Further, % and hence the S para-
meter seem to be related to the
minimum of Frohlich-Bardeen
conduction band potential energy
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4. 11 On the Correlation Between the Crater Dimensions and the Mound
Kinetic Energy in an Underground Peaceful Nuclear Explosion

(Satish C. Gupta and S. K. Sikka)

As is shown by many code calculations /I, 2/ the dimensions of
an explosion produced crater depend upon the motion of the mound which
in turn is a function of the amount of total energy of the explosive
converted into mound kinetic energy. Any changes in explosive condi-
tions such as type (high explosive or nuclear detonation) or variation
in the rock properties, such as moisture content, compressibility,
strength , etc., or geological variations such as layering will get
reflected in the amount of kinetic energy transferred and hence affect
the crater dimensions. Although the importance of this kinetic energy
was recognised quite some time ago, no quantitative relation appears
to have been established between it and the crater dimensions. In this
investigation we have attempted to develop this relation.

We carried out the similarity analysis of the kinetic energy(E)
of the mound versus the crater dimensions i. e. apparent crater radius
(Ra) or the apparent crater depth (Da). It is found that any linear
dimension L (Ra or a function of the form

k. = f (E_

where d is the depth of burial and
W is the yield of the explosive.

In Fig. 4.11.1 we have plot-
ted (Ra/d) versus (E/W) for nuclear
explosions in Bearpaw shale rock / I /
(The curve for {O^fd) versus (E/W)
is also of same nature). These plots
imply the following linear relations;

Ra
d

+ bi / E_

V w
Fig. 4.11.1 Ra/d vs E/W for
Bearpaw shale.
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= a2

Since the similarity law for the apparent crater depth is as for the
apparent crater radius (only the functional dependence on (E/W) will
be different) it is clear that there must be a relationship between the
two i. e. ,

- 3 = Tl
)_ r / R a

The plot of Ra/d vs Da/d for chemical explosions in Bear paw
shale is shown in Fig. 4.11.2. Again a linear relation is observed.
Now, to check whether this linear relationship is valid only for Bearpaw
shale or is general enough to apply 'or other rocks also, we have
read the apparent crater radius Ra an d apparent crater depth Da

1.2

1.0

0.8

0.6

0.4

0.2

• Experimental points / I /
x Points from cratering curves of Ref. 3

0.0 0.2 0.4 0.6 0.8 _ 1.0 1.2 1.4 1.6 1.8 2.0 2.2

Fig. 4.11. 2 Da/d vs Ra/d for Bearpaw shale for chemical
explosionb.

versus the depth of burial from the nuclear cratering curve for hard
rocks given by Nordyke / 3 / and plotted Ra/d versus X3^/d. Again a
linear relationship was obtained, showing that this relationship is
almost independent of the rock type.

The importance of this correlation lies in the fact that only
one of the crater dimension can be treated as independent and separate

. graphs relating scaled dimensions versus scaled depth of burial need -
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not be given. Although in the past, other researchers in the field of
cratering physics have expected this relation, this is perhaps the first
quantitative proof.
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\. 12 An Analytic Technique for Shock Wave Propagation in a Plastic Rock
Due to Underground Peaceful Nuclear Explosion

(S. K. Sikka, Satish C. Gupta and M. P. Ranga Rao*)

Earlier we have reported an analytical method for studying the
effects of shock wave arising from underground nuclear explosion in
a rock medium /I, 2 / . This method is valid till the shock strength is
so high that the deviatoric stresses can be ignored. In the present
work, this method has been extended to take into account the effect of
deviatoric stresses as well in the perfectly plastic rock medium.

In the energy integral

the expression for the in ternal energy is modified so as to include
the plastic work done

Here the dot indicate the total time derivative and the symbols have
their usual meaning. Similarly the equation for conservation of
momentum is suitably modified .

Calculation is done for hypothetical events in which detonations

* From Indian Institute of Technology, Powai, Bombay.
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are carried out in granite rocka - (l) when the behaviour of the rock
is assumed to be hydrodynamic and (2) when the rock is considered
to behave as a perfectly plastic rock with the shear strength equal to
100 kbar. Fi». 4.12.1 shows the plots of the decay coefficients (©)
versus the inverse shock number (ij ) for the two cases. The value

oto OIS 010

Fig. 4.12.1 Decay coefficients (©) vs inverse shock
number (T|) for two cases in granite rocks.

of Hecay coefficient for plastic rock is higher as is expected since in
the plastic rock part of the energy is spent in doing plastic work which
is irrecoverable for doing mechanical work and so the shock wave Is
attenuated faster.

The method is being applied to the nuclear explosion event
GNOME which was conducted b\ USA.in a plastic rock, viz. halite.
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5. SETS Ml-LOGY SECTION

5. 1 SeiBmoloRical and Microbarograph Data Base

(S.K. Arora, Tapas K. Basu, R. N. F.harthur, M. K. Bhat, V.S. Kamath,
C.A. Krishnan, A.G. Kulkarni, F. C. Mitra, S.S. Murthy, A. G. V.
Prasad, B.S.S. Rao, K. Sankaran, H.S.S. Sharma, T. V. Sridharan,
K. R. Subbaramu, M. P. Siiryavanshi and Vijai Kumar)

The ongoing activity of the Section in monitoring the nuclear
explosions is continued uninterruptedly. The seismic and microbaro-
graph data acquired by thi6 Section from its field stations were analysed
promptly and a selected amount of data was preserved in analog and
digital forms compatible with any standard computer for future R&D
work of signal detection and discrimination studies.

The scope of Gauribidanur data analysis work was augmented by
installation of FMDC (Frequency Modulated Digital Converter) system
which generates daily digital data tape. The analog magnetic record-
ing was also continued to compare with the performance of digital
recording system. Initial teething troubles encountered in the new
digital system had been successfully overcome by the 6taff stationed
at Gauribidanur. Now the system is functioning satisfactorily and
regular bulletins of detected events are prepared at Gauribidanur using
a dedicated PDP 11/40 computer. Attempts are being made to
develop digital wireless telemetry system for the array. The per-
formance of on-line trigger unit to produce hard copy of detected
events has been upgraded by incorporating STA/LTA criterion for
signal detection. This resulted in near total elimination of spurious
tr iggers.

The following table gives a break-up of presumed underground
nuclear explosions detected by Gauribidanur seismic array. There
•were no atmospheric tests in 1979.

USA USSR FRANCE

4(15) 24(2 5) 1(9)

The numbers in parenthesis represent the total number of events
reported by PDE. The difference between detected and reported
events is because of weakness of signal received at Gauribidanur
relative to prevailing noise background.
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The management of field data is largely a cooperative endeavour
of all members of the Section. It is supported also by broad based
RfcD work, both experimental and theoretical, which is summarised in
the following paragraphs.

5. 2 Timing Systems

(V. G. Kolvankar, V. N. Na-ire anH 5.S. Murthy)

The fabrication of twenty Timing Systems and twenty Mother
Boards for UNDP seismic project was completed and they have been
despatched to various South East Asian Countries. The cost of these
systems, amounting to Rs. 1. 8 lakhs, is charged to UNESCO.

5. 3 Field Set Up for BGML Rockburst Monitoring

(K. R. Subbaramu, B.S.S. Rao, N. Satyanarayana and A.G. Kulkarni)

The surface array of eleven geophones together with telemetry
and recording system established as a joint BGML-BARC collaborative
project was in operation throughout the year on an 8-hour-a-day basis.
The quality of data has been improved by choosing large pass band
and establishing cable driven PPM telemetry for all the sensors from
Nandydurg instead of wireless which introduced unwanted noise. So
far, about 20 to 30 rockbursts are recorded every month on an 8-hour
shift observation. In the later half of 1979, the rockburst monitoring
array operated on 16 hour per day basis with proportionately larger
number of rockburst signals per month.

5. 4 BGML-Rockburst Data Analysis

(S.K. Arora and G. J. Nair)

All the rockburst signals recorded at BGML are scrutinised and
exact onset times are reari by two analysists to remove the individual
bias. Some of the rockburst signals associated with observable
damages with known location are studied in detail. It is concluded
from this study that the mining regions at KGF are characterised by
two distinct formations, one at Nundydurg which has a P-wave speed
of 6. 9 +. 0.10 km/sec and the other at Champion reef with a P-wave
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speed of 6.55 +_ 0.05 km/sec. Most of rockbursts(over three
observeH GO far have foci in one or the other of these two regions

5.5 Seismometer Installation

(Vijai Kumar, T.V. Sridharan anH P. C. Mitra)

The operation of the seismic system at MARL, Gulmarg
improver) by reinstalling the seismometer in an underground pit at a
relatively quieter place. The day-time noise level was thus reduced
by a factor of 5.

Two typical seismic signals recorded by another indigenous
short-period seismometer system, one from a Soviet underground
nuclear explosion and the other due to an earthquake, are shown In
Fig. 5.5.1.

Fig. 5. 5.1 Typical seismograms recorded by the indigenously
fabricated seismometer: (a) Soviet Eastern Kazakh Underground
nuclear explosion (b) Srinagar Earthquake.

5. 6 Study of Azimuthal Variations Related to Location of Earthquake
Sources Using Gauribidanur Array Data

(Ram Datt)

Stu^y of the azimuthal bias for different epicentral regions is
important both from the point of view of locating seismic sources
using array data and determining the velocity structure in the; earth's
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interior. Software for determining the azimuth of the source using
the Hat a from the Gauribidanur array was completed using the BESM-6
computer. Here array outputs from all sensors are ad^e^ in two
groups with time shifts corresponding to all possible combinations of
apparent velocity and azimuth (within the accuracy of array determina-
tion) to form two partial sums which are again multiplied and averaged
over a time interval to form a time averaged product. The azimuth-
apparent-velocity combination which gives the maximum signal to noise
ratio is taken to correspond to the azimuth of the source. This
process of enhancing signal-to-noise ratio is called array-beam form-
ing. The representation of an array beam includes (traces from top
in Fig. 5.6. l)a single channel, the 'red-line' sum, the 'blue-line'
sum, total-array sum, the time averaged product and the time channel.

Rl

2R+2B

TAP

L J T I i J U l J ^ ^
Fig. 5. 6.1 Characteristic array beam of a typical seismic
event recorded by the Gauribidanur array.

The difference between the estimated azimuth and the azimuth known
from the worldwide data is taken to be the azimuth bias to be used
in further analysis of events.

5. 7 S lowness Analysis of GBA Detected Events

(Ram Datt)

Software was completed for the slowness analysis of se i smic-
•vents . Fig. 5.7.1 shows the results of slowness measurements
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Fig. 5.7.1 Slowness (rlT/dA ) measurements on V.iv. event
of Fig 5. 6.1. The dots give the measured value of blowness
as a function of time and the line below the riot gives the
energy in the TAP output.

(along the trace) on a typical seismic event recorded at Gauribidanur.
Here the Hot represents the measured value of slowness (inverse of
apparent velocity in sec/deg) and the line below eacli Hot is drawn
proportional to the energy in the TAP output. The measurements
have been carried out using a fixed value of the azimuth (which is
baser! on the worldwide

5. 8 Seismic Source Discriminant Based ori Short PerioH Spectral
Distribution

(Ram Datt)

Spectra of signals recorded by the Gauribidanur array from
earthquakes and. underground explosions were analyzer! in order to
establish the discrimination capability of these spectra. The property
of the explosion signals, that they are comparatively rich in high
frequencies was exploited to derive a vector, (Pj<;q a n r ' ^x) ( s e e

Fig. 5.8.1) the length of which when compare1' to a specified length
would enable the classification of an unknown event as an explosion
or an earthquake. Work is in progress to examine the available data
in the light of this criterion.
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the signal.
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5. 9 An Example of Misidentification of Sources

(S. K. Arora, Tapas K. Basu and C. A. Krishaan)

50r

On the basis of simplicity of waveform, compressional naturt
of first motion, array location and matching of signal shapes with those
of earlier events from the same region, seismic signals on 22 March
(nib 5<1) an^ 31 May (m^ 5.2), 1979 appeared to be due to underground
nuclear explosions in the Eastern and the Southwestern USSR respec-
tively (see Fig. 5.9.1). To ascertain the focal ^epth of these two

events they were subjected to
general source location • study
using eight tele seismic P-wave
arrivals. Trace 1 had the source
at d5 km depth in the region near
Hokkaido, Japan, and the
trace 2 had a still larger depth
of 110 km in northern Romania.
Thus the depth estimate helps
one to confirm that the two event*
were earthquakes at fairly deep
levels though seismic signals
resemble those of explosions.

1. Hokkaido eartho,
22M«r79

2. Romanian tartho.
31 May 79

40 80 120 160 200 240 280 320

FOCAL DEPTH (KM)

Fig. 5.9.1 Example of "Explo-
sion-like Earthquake - signals".
& is the distance of the source
from GBA. m^ is Rlchter magni-
tude of source. Bl and. R5 respec-
tively refer to the particular
sensor of GBA array.

5. 10 Synthetic .Seismograms

(A.R. Banghar)

Step by step variations of the amplitude spectra and P wave
seismograms as a signal propagates from the source to the receiver
were investigated. Effect of the variations of various parameters,
such as the shape of the reduced displacement potential, explosion
yield, Q, spalling and the structures in the source as well as receiver
regions, on the amplitude spectra and •eistnograms due to underground
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nuclear explosions were studied. This study provides very useful
information about the shape anH spectral amplitudes of seismograms
of P waves as a signal propagates from the source to the receiver.

Amplitude spectra and seismograrrs of teleseismic P waves
generated due to earthquakes were also synthesized In this study, the
earthquake is assumed to be caused by a propagating bilateral-bidirec-
tional rectangular fault. Theoretical seismograrrs were computer! by
varying different parameters, such as the focal depth and the fault'
size.

The Inforn ation gained from this investigation is being used
for synthesizing P wave seismograms at different seismograph stations
for the Kinnaur earthquake.

5. 11 Study of the Effect of Random Arrival-Time Errors on the Network
Performance
(S. K. Arora, Tapas K. Basu and C. A. Krishnan)

This study aims at the qualitative assessment of the relative
performance of two different configurations of an augmented 6-station
local network in locating regional seismic sources. The performance
is evaluated after introducing random errors in the expected arrival
times so as to render the situation compatible with a practical one.
It is shown that as the magnitude of the input errors gradually increa-
ses, the mislocation estimates tend to increase at a much slower
rate in the "source-inside" case than in the "source-outsHe" case.
The main contributory factor in the mislocation is, isolated to be the
focal depth shift. However, the overall performance of the "source-
inside" configuration is found to be relatively stable (see. Fig. 5.11.1)

x(deg.)
-M -03 00 M (X

ScitolnW,W.(c)

Fig. 5.11.1 Effect of random arrival time errors
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• comparer) to "source-outside" configuration for a given amount of
arrival time error.

5.12 Spectral Analysis Using MEM Algorithm

(F. Roy and G.S. Murty)

Spectral analysis by Fast Fourier transforms has been one of
the most extensively use<* tools for seismological studies. Recently a
new method, known as Maximum Entropy Method (known alBO as Auto-
regression method) has been introduced by Purg. By Analysing
several synthetic signals, the superiority of this method over conven-
tional FFT method for better spectral resolution and amplitude deter-
mination has been established. Spectra estimated by this method are
being used to estimate the discriminants to separate the earthquake
and explosion population.

5.13 Digital Data Compression

(F. Roy and G.S. Murty)

Preservation of large scale seismic digital data demands a
large storage space with increasing cost. Optimum Auto Regression
modelling of time-series (seismic noise and signals) using Akaike's
criterion has- been found to be useful. Such modelling of time series
gives rise to a digital filter known as Prediction Error Filter fPEF),
whose length normally varies between 2 to 10 percent of the actual
data length subjected to modelling, This filter has the property of
predicting the time series one step ahead with a very small error
(known as prediction error). One can predict even more than one
step but the prediction error will become larger and larger as the
steps are increased. In other words one can have a threshold, such
that if the prediction error at any step exceeds the threshold, then
the prediction should be stopped, and new data should be taken for
further prediction. This method facilitates in compressing the digital
data with minimum distortion, thereby retaining a high degree of
correlation between the actual and the compressed data (compressed
data is brought back to the original length by PEF). Compressions
ranging between 0. 21 to 0. 45 have been achieved for various dynamic
ranges of the digital data. In all the cases studied so far, the
correlation coefficient was larger than 0. 98 between the original time
series and the reconstructed time series.
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Papers Publisher!/Accepted for Publication in Scientific Journals, etc.

1. Purnima-A PuC^-Fuelled Zero Energy Fast Reactor at Trombay,
P. K. Iyengar, T. K. Iiasu, K. Chandramoleshwar, S. Das,
P. K. Job, S.K. Kapil*, V. R. Nargunrlkar, C. S. Pasupathy,
M. Srinivasan and K. Subba Rao.
Nucl. Sci. Eng. 70, 37 (1979).

2. A Simple Technique of Fabrication of Paraboloidal Concentrators,
M. Srinivasan, L. V. Kulkarni and C.S. Pasupathy,
Solar Energy, 22, 463 (1979).

3. Shape Factors of Non-Critical Small Fast Assemblies and Their
Use in keff Calculations,
Anil Kumar, K. Subba Rao and M. Srinivasan,
Atomkernenergie, 34, 23 (1979).

4. Comments on 'A Simple Relationship of Maximum &k due to
Compaction of Unmoderated Fissile Materials' and the Use of
the Trombay Criticality Formula for the Same,
Anil Kumar and M. Srinivasan,
Nucl. Technol., 4_4, 322 (1979).

5. Computational Algorithms and Vedic Mathematics,
S. Das
Accepted for Publication in Society and Science.

6. A High Precision Neutron Diffraction Study of the Disorder of
Ammonium Ions in Diammonium Tetrachloro Cuprate, Dihydrate,
S. N. Bhakay-Tamhane, A. Sequeira and R. Chidambaram,
Accepted for Publication it, Acta Cryst.

7. Effect of Porosity on the Cratering Efficiency of Underground
Peaceful Nuclear Explosions in a Shale Medium,
Satish C. Gupta, S. K. Sikka and R. Chidambaram,
Proc. Ind. Acad. Sci. 88A . Part II, 77 (1979).

8. OCENER, A One-Dimensional Computer Code for the Numerical
Simulation of the Mechanical Effects of Peaceful Underground
Nuclear Explosions in Rocks,
Satish C. Gupta, S. K. Sikka and R. Chidambaram,
BARC Report No. 1023 (1979).

* from Reactor Control Division, BARC.
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• 9 . Critical Resistivity of Deviations from Mattheissen's Rule of
Polyvalent Metals,
Surinder M. Sharma,
Phya. Rev. B20, 1514 (1979).

10. Electronic Basis for Omega Phase Stability in Group IV Transi-
tion Metals and Alloys,
Y. K. Vohra,
Acta Metallurgica 27, 1671 (1979).

11. Electronic Gruneisen Parameter in Shock Hugoniot Equation of
State of Aluminium,
B.K. Godwal, S. K. Sikka and R. Chidambaram,
PhyB. Rev. B20. 2362 (1979).

12. Electronic Structure of Omega Phase of Titanium and Zirconium,
Y.K. Vohra, S. K. Sikka and R. Chidambaram,
J. Phya. F: Metal Phys. 9. , 1771 (1979).

13. X-Ray Transport in Ni Plasma,
B. K. Godwal,
Phys. Lett. 71A, 57(1979).

14. Gyrotropy, An Implicit Form of Ferroicity,
V. K. Wadhawan,
Acta Cryst. 35A. 629 (1979).

15. Electronic Gruneisen Parameter for High Z Elements ,
B. K. Godwal,
Accepted for Publication in J. Phys. Fj Metal Physics. i

16. An Explanation of Deviations from Matthieasen's Rule in Alkali
Metals,
Surinder M. Sharma,
Accepted for Publication in J. Phys. F: Metal Physics.

17. Direct Evidence of Intermediate State During Alpha to Omega
Transformation in Ti-V Alloy,
Y.K. Vohra, S. K. Sikka, E.S. K. Menon* and R. Krishna*
Accepted for Publication in Acta Metallurgica.

18. Potassium Chlorate, A Room Temperature Pure Ferroelastic
with a Ferro-Elastic To Anti-Ferroelastic Phase Transition at
522IK,
V. K. Wadhawan,
Accepted for Publication in Acta Cryst. A.

* from Metallurgy Division, BARC.
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19. An Analytical Non-Self oinular Technique for Shock Waves from
Underground Nuclear Explosions,
SatiBb C. Gupta, S.K. Sikka and M. P. Ranga Rao*
Accepted for Publication Ln Proc. Ind. Acad. Sci.

20. On Propagation and Attenuation of Love Waves,
A, R. rianghar,
Proc. Ind. Acad. Sci. 88A, Part III, 133 (1979).

21. Earthquake Prediction: A State-of-the-Art Report,
S. I. Arora.
Trainees' Journal, BARC, p. 31 (March 1979).

2.2. The Role of Seismic Arrays in Continuous Monitoring of
Seismlcity,
H. S. S. Sharma and T. G. Vargheset
MAUSAM 30, 237 (1979)

23. Exploitation of Gauribidanur Array for Seismic Monitoring,
T. G. Varghese+, F. Roy, B. S. S. Rao, M.P. Suryavanshi, and
R. N. Bharthur,
Phys of the Earth and Planetary Interiors, \&_, 87(1979).

24. Autoregressive Method of Detection of Weak Signals in Noise
for Monitoring Precursors,
G. S. Murty, G. J. Nair and F. Roy,
MAUSAM .30, 337 ^1979).

25. qyjiiof Mf ; ?rfa«i 'Pi ^iPfF? swf aia

$ fe^f 1979/so

* From Indian Institute of Technology, Powai, Bombay

+ Deceased in November 1977.
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Papers Presented/Accepted for Presentation at Symposia, Seminars.
Conferences, etc.

1. The Hydrogen Atom in Biological Structures (Invited Talk),
R. Chidambaram,
Symposium on Frontiers in Biological Chemistry, Indian Science
Congress, Hyderbad (Jan. 197°).

2. Kinetic Analysis of Postulated Start-up Accidents in Purnima II
Solution Reactor,
S. Das and M. Srinivas?n,
Symposium on Power Plant Safety and Reliability, BARC(Jan. 1979),

3. Safety Considerations in the Design of Purnima II, A 233u
Uranyl Nitrate Solution Fuelled Zero Energy Reactor Experiment
at Trombay,
K. Chandramoleshwar, M. Srinivasan, C. S. Pasupathy, K.
Subba Rao and V. R. Nargundkar,
Symposium on Power Plant Safety and Reliability, BARC(Jan. l'J/9).

4. Neutron Multiplication and Transport Phenomena in a BeO
Reflected 233u Fuelled Hydrogeneous Solution Reactor,
P. K, Job, K. Subba Rao and M. Srinivasan,
Third National Symposium on Radiation Physics, Andhra
University, Waltair (Feb. 1979).

5. Systematics of Neutron Leakage Variations from Small Fast
Assemblies Due to Changes in Geometrical Parameters,
Anil Kumar and M. Srinivasan,
Third National Symposium on Radiation Physics, Andhra
University, Waltair (Feb. 1979).

6. Study of Neutron Emission in Low Energy Plasma Pinch Experi-
ment at Trombay,
Anurag Shyam, S. K. H. Auluck and M. Srinivasan,
Third National Symposium on Radiation Physics, Andhra
University, Waltair (Feb. 1979).

7. Angular Distribution of Neutron Intensity and Energy from a
14 MeV Neutron Generator at BARC,
D. Y. S. Ramakrishna, S. K. Sadavarte and M. P. Navalkar,
Third National Symposium on Radiation Physics, Andhra
University, Waltair (Feb. 1979).
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-8. Modifier) Fission Spectrum Concept for Unfolding of Reactor
Spectrum,
O. P. Joneja, D. V.S. Ramakrishna and M. P. Navalkar,
Third National Symposium on Radiation Physics, Andhra
University, Waltair (Feb. 1979).

9. Unfolding of Neutron Spectrum Using Program STAY'SL for
Purnima,
K. Subbukutty, S. B. D. Iyengar and M. P. Navalkar,
Third National Symposium on Radiation Physics, Andhra
University, Waltair (Feb. 1979).

10. Fusion Neutron Production in Low Energy Deuterated Exploding
Wire Experiments,
Anurag Shyam and M. Srinivaaan,
Symposium on Plasma Physics and Magnetohydrodynamics,
BARC (Feb. 1979).

11. Ioniaation Equilibrium Equation of State: One Component and
Multicomponent Plasmas,
B. K. Godwal,
Symposium on Plasma Physics and Magnetohydrodynamics,
BARC (Feb. 1979).

12. Structure and Function of Proteins, (Invited Talk),
K. K. Kannan,
X National Conf. on Crystallography, Banaras Hindu University,
VaranaBi (Feb. 1979).

13. X-Ray Diffraction Study of Copper Triclinic Lysozyme Complex,
M. Ramanadham, B. Birknes,* L. C. Sieker+and L. H. Jensen,*
X National Conf. on Crystallography, Banaras Hindu University,
Varanasi (Feb. 1979).

14. X-Ray Diffraction Analysis of the Structure and Function of
Carbonic Anhydrase I?oenzymesa

K. K. Kannan,
X National Conf. on Crystallography, Banaras Hindu University,
Varanasi (Feb. 1979).

15. Refinement of Triclinic Lysceyme (HEW) at 2A Resolution
M. Ramanadham, L. C. Sieker and L. H. Jensen,
X National Conf. on Crystallography, Banaras Hindu University,

* JF*om University of Tromso, Norway.
+ From University-of Washington, Seattle, USA.
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16. Potassium Chlorate, A Now Ferroelastic,
V. ]:.. W.-ulliawan,

X National <onl. on i.ryslallo.urapliy, Banaraa Hindu University,

Varanasi (Feb. 1979).

17. A Neutron Diffraction Study of the Structural Disorder in
Ammonium Copper Chloride Dihydrate,
S. N. Bhakay-Tamhane, A. Sequeira and R. Chidambaram,
X National Conf. on Crystallography, Banaras Hindu University,
Varanasi (Feb. 197 9).

18. The Crystal Structure of 17-thia-3-methoxy~estra-l, 3, 5 (10)
triene-17-dioxide,
S. Sinh, V. M. F'admanabhan and P.S. Jogdeo
X National Conf. on Crystallopgrahy, Banaras 1 Hindu University,
Varanasi (Feb. 1979).

19. The Crystal and Molecular Structure of L-valyl-L -tyrosine,
V. S. Yadava,
X National Conf. on Crystallography, Banaras Hindu University,
Varanasi (Feb. 1979).

20. Neutron Diffraction Study of Biological Molecules Using Medium
Flux Reactors,
A. Sequeira,
Proc. Int. Symp. Biomolecular Structure, Conformation; Function
and Evolution', Madras, Ed. R. Srinivasan , pp 663-671,
Pergamon Press (1979).

21. Determination of 233y Content in Sealed Containers and Waste
Packages by Gamma Counting,

M. V. Dingankar, P. P. Joshi and L. V. Kulkarni,
Sixth Conf. on Radiation Protection, BARC (March 1979).

22. Structure and Function of Carbonic Anhydrase,
K. K. Kannan,
Symposium on the Biophysics and Physiology of CO2, Regensburg
University, Regensburg, Federal Republic of Germany, April
1979. To be published in the Proceedings, Ed. G. Cross, C.
Baner and H, Bartels, Springer Verlag.

23. Studies of Biological Structures with Synchrotron Radiation,
A. Sequeira,
National Workshop on Advanced High Energy Accelerator Facility
in India, BARC (Oct. 197 9).
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24. Proposal for a Spallation Neutron Source Facility,
M. Srinivasan,
National Workshop on Advanced High Energy Accelerator
Facility in India, BARC (Oct. 1979).

25. Double lonization Chamber as Neutron Flux Monitor and for
Tritium Breeding Studies in Fusion Blanket Experiments,
O. P. Joneja, M. R. Phiske and M. P. Navalkar,
3rd ASTM-Euratom Symposium on Reactor Dosimetry,Ispra,
Italy (Oct. 1979).

26. Monte Carlo as Applied to Reactor Physics,
K. Subbukutty, O. P. Joneja, S.B.D. Iyengar and M. P. Navalkar,
Workshop Cum Seminar on Monte Carlo, Bangalore (Dec. 1979).

27. Direct Evidence of Intermediate State During Alpha to Omega
Transformation in Ti-V Alloy,
Y. K. Vohra, S. K. Sikka, E.S. K. Menon* and R. Krishnan*,
Nucl. Phys. and Solid State Phys. Symp., IIT, Madras
(Dec. 1979).

28. Electronic, Thermal Gruneisen Parameter in Shock Equation of
State Studies,
B. K. Godwal and S. K. Sikka,
Nucl. Fhys. and Sol'd State Phys. Symp., IIT, Madras (Dec. 1979).

29. Equation of State for the Inter.mediate Region,
B. K. Godwal,
Nucl. Phys. and Solid State Phys. Symp., IIT, Madras(Dec. 1979).

30. The Study of Electron Momentum Density in <VJ -Zr by Positron
Annihilation Angular Correlation Technique,
Surinder M. Sharma, S. K. Sikka and R. Chidambaram,
Nucl. Phys. and Solid State Phys. Symp., IIT, Madras (Dec. 1979).

31. Effect of Charge Density Waves on the Positron Effective Mass
and DMR in Alkali Metals,
Surinder M. Sharma,
Nucl. Phys. and Solid State Phys. Symp., IIT, Madras (Dec. 1979).

32. Electronic Structure and Stability of Omega Phase in Ti and Ti-
Based Alloys,
Y. K. Vohra, S. K. Sikka and R. Chidambaram,
Accepted for Presentation in the Fourth International Conf. on
Titanium, Kyoto, Japan to be held in May, 1980.

* from Metallurgy Division, BARC.
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s.
No.
1.

2.

3.

4.

5.

Speaker

Y. K. Vohra

Anurag Shy am

S. K. H. Auluck

S. Das
S.K. Sikka

Topic

High Pressure Phase Trans-
formations in Group IV Transition
Metals
What is Plasma?

Theoretical Foundations of
Plasma Physics
Vedic Mathematics
What are Shock Waves?

Date

March 20

April 12

April 26

May 5
May 10

Auspices

Physics Colloquium

Self Study Seminar

-do-

Anti-obsolescence Lecture
Self-Study Seminar,

6. S.K. Arora

7. Tejen K. Basu
8. Surendra Sinh

9. M. Ramanadham

10.
11.

12.

13.

U.

15.

R. Subramaniam
K. K.

G. N.!

use,
M. P.

G.S.

M.F.

Kannan

Ramachandran
Bangalore

Navalkar

Murty

Navalkar

Earthquakes and their Prediction June 25

Atomic Energy Aug. 27
X-ray Diffraction Studies of June 26
Biological Molecules-I and II
X-ray Diffraction Studies of June 16
Biological Molecules-III
Latest in Secret Communication Sept. 1
X-ray Diffraction Studies of Sept. 12
Biological Molecules-IV
Crystallography and Molecular Sept. 13
Structure
Nuclear Power in Relation to Sept. 22
Energy Crises
Science in Study of Nature Sept.

Nuclear Power and Energy Oct. 29, 30
Criaes.-I and II

Neutron Physics Division
Talk in Hindi ore abused by
Physics Group , under
the Official Language Celebra-
tion Year 1979

-do-
Self Study Seminar

-do-

Anti-obsoloscence Lecture
Self Study Seminar

Divisional Seminar

Century Rayon , Kalyan

Science Club, Somaya College,
Vidyavihar
Post Graduate Students,
Kolhapur University

i
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No.

Speaker

16. M. P. Suryavanshi

17. M. Srinivasan

18. M. Srinivasan

19. V.R. Nargundkar

Topic Date

Ccnputers Oct.

An Introduction to the Nov.
Trombay Criticality Formula

Critical Experiments Nov.
Programme at Trombay

Monte Carlo Calculations Dec. 27
of Neutron Transport

Auspices

National College, Gauribidanur

Indian Institute of Technology,
Kanpur

Indian Institute of Technology,
Kanpur

Indian Institute of Technology,
Kanpur.

•
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of Lectures given in Training School Course. Post-Graduate Teachfers
Refresher Course, and in Bombay University

A. Training School Course

Name

1. S.K. Sikka

2. Satish C. Gupta

3. Y.K. Vohra

Topic

Solid State Science

Phase Transitions and
Defect Solid State

Relatives tic Quantum
Mechanics and Quantum
Field Theory

4. Surinder M. Sharma Band Theory

5. S.K. Sikka Phase Transitions

6. H. Rajagopal Computer Programming

7. M. Ramanadham Treatment of Experimental
Data

No. of
lecture*

25

12

Batch

22nd

22nd

15

17

6

25

22nd

23rd

23rd

23rd

23rd

B. 18th Post-Graduate Teachers Refresher Course (1979)

1. S. K. Sikka High Pressure Physics 2

2. Y. K. Vohra Band Structure Studies 2

C. Bombay University

1. V. M. Padmanabhan X-Ray Studies of Biological
Molecu'?s M.Sc.

(Bio-
physics)
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NEUTRON PHYSICS DIVISION STAFF

(as on 31st Dec. 1979)

Dr. P. K. Iyengar Director, Physics Group

DT. R. Chidambaram Head, Neutron Physics Division

Purnima Laboratories

1.
2.

3.
4.
5.
6.
7.
8.
9.
10.

11.
12.
13.
14.

Dr. P. K. Iyengar
M. Srinivasan

Dr. V. R. Nargundkar*
K. Subba Rao
K. Chanrlramoleshwar
C. S. Pasupe.thy
S. Das
Tejen K. Basu*
P. K. Job
Anil Kumar
Anurag Shyam
S.K. H. Auluck
Prabir Kumar Pal
h. V. Kulkarni

Reactor & Applied Neutron Physics

1.

2.
3.
4 .

5.
6.
7.

8.
9.
10.

m

Dr. M. P. Navalkar

Dr. O. P. Joneja1

J. S. Coachman
M.R. Phiske

S.B.D. Iyengar
G. V. Acharya$
K. Subbukutty

D. V.S. Ramakriahna
S. K. Sadavarte
Jagir Singh

B. B. Gaikwad
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Biological Crystallography tt Automation

X-Ray Diffraction

1. Dr. V. M. Padmanabhan
2. Dr. V.S. Yadava
3. Surendra Slnh

Neutron Diffraction

4. Dr. R. Chidambaram
5. Dr. A. Sequelra
6. S. N. Momin
7. H. Rajagopal
8. S. N. Bhakay-Tamhane
9. R. N. Khunte

Protein Crystallography

10. Dr. K. K. Kannan
11. Dr. M. Ramanadham

Materials Physics

1.
2.
3.
4.
5.
6.
7.

Seismology

Dr. R. Chidambaram
Dr. S. K. Sikk*
Dr. V. K. Wa4hawan>
B. K. Godwal
Satish C. Gupta
Y. K. Vohra
Surinder M. Sharn.a

Section

HeaH: Dr. G.S. Murty

Staff baaed at Bombay

1. Dr. G.S. Murty
2. H. S.S. Sharma
3. Dr. S. K. Arora
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4. Dr. Ram Datt
5. A. R. Banghar
6. Vijai Kumar Jain
7. JayachanHran Nair
8. V. G. Kolvankar
9. Falguni Roy
10. C. A. Krishnan
11. K. Jayachandra Rao
12. V. N. Narfre
13. Tapas K. Basu
14. S. V. Sharma

Staff based outside Bombay

1.
2.

3.
4.
5.
6.
7.
8.
9.
10.

u.
12.
13.
U .

T. V.
P. C.

K. R.
R. N.
B.S.i
M. K.
M.P.
K. K.
V.S.
A.G.
A.G.

Sridharan
Mitra

Subbaramu
Bharthur

3. Rao
Bhat
Suryavanshi
Sankaran
Kamath
Kulkarni

V. Prasad
Muddurama
T. J.
S. S.

Thomas
Murthy

Administrative Staff

1.
2.
3.
4.

Usha Narayan
K. N. N. Pillai
K. P. Rajasekharan
D. Diwakaran

* At present also working with Dr. Navalkar on fusion blanket
neutronics experiments.

f At KFA, Julich, Federal Republic of Germany, under Indo-FRG
bilateral agreement, for one year from 8. 9. 79.

$ At present working independently on specially assigned problems.
§ On EOL at University of Oxford, U. K., under a Nuffleld

Fellowship, for one year from 26.10. 79.


