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FOREWORD

This is the report of the research and development activities of High Pressure Physics
Division for the period October 1993 - March 1996.

The mandate of High Pressure Physics Division is:
(a) To carry out experimental and theoretical investigations in the fundamental aspects of
cohesive properties of condensed matter under ultra high pressure, and
(b) To carry out research and development work in experimental and theoretical
seismology with special emphasis on continuous operation of seismic arrays at
Gauribidanur and Delhi for seismic source discrimination.

The period of this report has seen the strengthening of the experimental facilities for
high pressure research (x-rays and Raman studies etc.) and study of some new phase
transitions, establishment of VSAT (Very Small Aperture Terminal) link between GBA
and Trombay for online transmission of seismic data, use of neural networks for
identification and source discrimination. All the nuclear explosions carried out by China
and France during this period were promptly detected.

S.K.Sikka
Head, High Pressure Physics Division

Bhabha Atomic Research Centre
Trombay, Bombay.
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VOLUML 71, NUMBLR 16 P H Y S I C A L Rl iVIUW L E T T l i R S 18 OCTOUUR 1993

Comment on "Elastic Instability in a-Quartz under
Pressure"

In a recent Letter Uinggcli and Chelikowsky 111 calcu-
lated the pressure variation of the elastic properties of a-
quartz, and suggested that the crystal to amorphous tran-
sition at high pressure is due to a lattice shear instability.
They obtained similar results using both a classical in-
teratomic potential and a first-principles pseudopotentiul
approach. We carried out (2] extensive lattice dynamical
and molecular dynamics calculations using the same in-
teratomic potential [3] as used in Ref. [l] . However, we
obtain a somewhat different conclusion—we found that
the amorphous transition is initiated by a soft optic pho-
non at the Brillouin zone boundary rather than the trans-
verse acoustic mode near the zone center as suggested in
Ref. [I]. In this Comment, we show that the difference is
understood by considering the pressure variation of the
phonon branches in the entire Brillouin zone.

From lattice dynamical calculations as a function of
pressure, we identify the phonon branch showing instabil-
ity lo be along the TK direction. Figure I shows that the
first phonon mode which becomes unstable is that at tlie
zone boundary point K at 19 GPa. Above 19 GPa, the
a-quarlz structure is no longer stable with the present in-
teratomic potential. However, if (he latlice dynamical
calculations are continued at pressures above 19 GPa re-
taining the a-quarlz slructure, the entire phonon branch
from K to f becomes unstable at 22 GPa. The instability
of the acoustic mode at F at 22 GPa is related to the
anomaly of the elastic constant parameter B) as calculat-
ed in Ref. [I].

We found a similar zone boundary instability in AIPO4

(2), which has a structure related to a-quartz, and which
also shows the pressure induced amorphous transition. In
both the cases of a-quartz and AlPCXi, the phonon mode
initiates the instability of the parent crystal structure.
Usually a soft phonon mode causes a second-order or
nearly first-order phase transition involving small atomic
displacements associated with the soft mode, and the
transition leads to another stable crystal structure. In the
present case, however, from molecular dynamics simula-
tion we observe a transient superstructure associated with
the zone boundary mode, followed by large atomic dis-
placements accompanied by a volume collapse. In fact,
the complete first-order transition involving volume col-
lapse cannot be explained in terms of soft modes alone.

\ - Along b

K M
FIG. I. Calculated pressure variation of the soft phonon

branch for the a-quartz structure. The upper part shows the
Brillouin zone in the hexagonal plane.

S.L.C. thanks L. Pintschovius and W. Reichardl for
discussion. S.L.C. is an Alexander von Humboldt fellow.

S. L. Chaplot '•* and S. K. Sikka2

'Institut fiir Nuklearc Feslkiirperphysik
Kcrnforschungszcnlruni Karlsruhe, Poslfach 3640
D-7500 Karlsruhe I, l-'cderal Republic of Germany

JHigh Pressure Physics Division
Bhabha Atomic Research Centre
Bombay 400085, India

Received II December 1992
PACS numbers: 6l.5O.Ks, 62.20.Dc, 62.50.+p

*On leave from Solid Slate Physics Division, Bhabha
Atomic Research Cenlre, Bombay 400085, India.

[I] N. Binggeli and J. R. Chelikowsky, Phys. Rev. Lell. 69.
2220 (1992).

[2] S. L. Chaplot and S. K. Sikka, in Proceedings of the XIII
AIRAPT International Conference on High Pressure Sci-
ence and Technology. Bangalore. 1991. edited by A. K.
Singh (Oxford and IBH Publishing Co., New Delhi,
1992), p. 259; Solid Slate Phys. (India) 33c, 328 (1990).

[3] S. Tsuneyuki, Y. Tsukada, and H. Aoki, Phys. Rev. Lett.
61,869 (1988).
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SYMMETRY SYSTEMATICS OF
PRESSURE—INDUCED PHASE TRANSITIONS

SATISH C. GUPTA and R. CHIDAMBARAM

High Pressure P'.ysics Division, Bhabha Atomic Research Centre, Bombay 400 O.J,
India

(Received 6 August 1993)

Most pressure induced phase transitions are diffusion less. Because of this, there exists a one-to-one
correspondence between the positions of atoms in the parent and the product phases, which, therefore, show
interesting symmetry relationships. In this paper, we have used these for discussing a symmetry classification
of pressure induced phase transitions into four categories: iso-symmctric, group-subgroup, intersection
group, and order-disorder transitions. Various examples illustrating this classification scheme are discussed.
The importance of this classification is in understanding the mechanism of pressure induced phase
transitions, where both theoretical calculations and experimental measurements are employed to analyse
related phenomena like softening of phonon modes, clastic instabilities, diffraction patterns, and orientation
relations.

KEY WORDS: Pressure-induced phase transitions. High pressure. Symmetry systematics. Classification.
Mechanism of Phase transitions, Diffusionlcss transitions.

J. Phys.: Condens. Matter 6 (1994) 10273-10278. Printed in the UK

Theoretical analysis of the isostructural transition in Zr at
53GPa

G Jyoti and Satish C Gupta
High-Pressure Physics Division. Bhabha Atomic Research Centre. Bombay 400 085, India

Received 28 June 1994, in final form 9 August 1994

Abstract. Recent diamond anvil x-ray diffraction measurements in Zr show a first-order
isostructural transition at 53 GPa (V/Vt, = 0.68). beyond the known HCP to u> and w to
BCC transitions at 6.7 GPa and 33 GPa respectively. This transition has been attributed to
the completion of s -+ d electron transfer in Zr. Here, we report our ab initio band structure
analysis of this transition. Our two-panel LMTO calculations (that also includes the 4p core states)
rule out the completion of s -» d electron transfer up to V/V» = 0.55. Also our calculated
room-temperature isotherm does not display van der Waals loop.
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Structure of a New High Pressure Phase in a-Quartz Determined by Molecular Dynamics
Studies

M. S. Somayazulu, Surinder M. Sharma, and S. K. Sikka
High Pressure Physics Division, Bhabha Atomic Research Centre. Bombay 4000 85, India

(Received 18 January 1994)

Kingma et al. have recently reported the diffractioo-evrdejice of a new.phase transition in cr-quartz at
21 GPa. We use molecular dynamical calculations losfiow this phase to be the precursor on the way to
amorphization. The powder x-ray patterns generated from the simulated structure show the emergence
of superlaitice peaks at —20 GPa. These predicted diffeaetion patterns are in excellent agreement with
(he experimental results and are indicative of a tripling, of the unit cell in the a-b (basal) plane of
o-quartz. In die pressure amorphized piiase the calculated structure factor, S(Q), is also in excellent
agreement with the experimental results of Meade et al.

PACS numbers: 6l.50.Ks. 61.43.Bn. 62.50.+p

J. Appl. Phys. 76 (3). 1 August 1994 * 5 3 0

Shock-induced amorphization of q-GeO2

N. Suresh, G. Jyoti, Satish C. Gupta, and S. K. Sikka, Sangeeta
High Pressure Physics Division, Bhabha Atomic Research Centre, Bombay 400 085, India

S. C. Sabharwal
Technical Physics and Prototype Engineering Division, Bhabha Atomic Research Centre,
Bombay 400 085, India

(Received 18 February 1994; accepted for publication 7 April 1994)

Polycrystalline samples of the cr-quartz phase of GeO2 (q-GeOJ, recovered from peak shock
compressions of 5, 6.8, and 10 GPa, have been examined by x-ray diffraction, thermoluminescence,
and Raman techniques. The measurements show that <7-GeO2 irreversibly amorphizes above 6.8
GPa. The estimates of the shear band temperature suggest that the mechanism of shock-induced
amorphization in q-GeO2 is a solid-solid one, in contrast to that in SiO2 quartz which has both
solid-solid and fusion-quenched components.
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PHYSICAL REVIEW B VOLUME 50, NUMBER 10 1 SEPTEMBER 1994-H

Tetragonal distortion and structural stability of indium at high pressures

S. Meenakshi, B. K. Godwal, R. S. Rao, and V. Vijayakumar
High Pressure Physics Division, Bhabha Atomic Research Centre, Bombay 400085, India

(Received 3 February 1994; revised.manuscript received 2 May 1994)

A first-principles computation of tetragonal distortion, structural stability, and equation of state has
been carried out for indium, using the linear muffin-tin orbital electron-band-theory technique. Results
on the variation of tetragonal distortion {c/a) with compression show a broad maximum around
V/V0*Q.% (19 GPa) in agreement with experimental data. We do not find 5j5p-to-5d electron transfer
as speculated to be the cause of the maximum in c/a. However, our results reveal that the core overlap
resulting from broadening of the 4d states is the probable reason for the turnover in the c/a ratio.
Within the atomic-sphere approximation we find the face-centered orthorhombic phase to be marginally
stable beyond 56.GPa in accord with the experiments of Takemura et at.

15632

PHYSICAL REVIEW B VOLUME 50, NUMBER 21 1 DECEMBER 1994-1

Occupancy of central sites in the Zn49Mg32 quasicrystal from total-energy computations
on its crystal approximant

R. S. Rao, B. K. Godwal, S. K. Sikka, and R. Chidambaram
High Pressure Physics Division, Bhabha Atomic Research Centre, Bombay, 400085, India

(Received 28 January 1994; revised manuscript received 28 July 1994)

First-principles electronic-structure and total-energy calculations related to the 1/1 crystal approxi-
mant to the Al-Zn-Mg quasicrystal are carried out with different possible atoms at the center of the
packing unit. The linear muffin-tin-orbital (LMTO) method with the atomic-sphere approximation and
the muffin-tin correction to the Coulomb energy is employed. The density of states shows a very shallow
minimum near the Fermi level, supporting the view that the pseudogap exists in the crystal approxi-
mants to quasicryslals even in the absence of a rf-slatc contribution to the valence electrons. It is shown
thai packing units with Al or Zn at (lie centers arc more stable than those with empty centers, support-
ing the recent positron-annihilation data and pscudopotcntial calculations, but disagreeing with qualita-
tive conclusions from some LMTO calculations for crystal approximants to other quasicrystals.
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Condensed matter physics under pressure

S. K. Sikka
High Pressure Physics Division, Bhabha Atomic Research Centre, Bombay 400 085, India

Some recent high pressure physics work at BARC is
described. Both experimental and theoretical aspects
are covered.

The use of pressure as a thermodynamic variable for
studying condensed matter has become very important
in recent years. Its main effect is to reduce the volume
of a substance. Thus, in some sense, it mimics the
phenomena taking place during the cohesion of solids
(e.g. pressure ionization, modifications in electronic
properties and phase changes, etc.). High pressures are
encountered from deep down the earth to astrophysical
objects. Thus, the study of pressure effect on materials
helps to unravel the mysteries of the constitution of
these planetary bodies. Some of the phase changes under
pressure help to synthesize new materials. The recent
discovery of high Tc superconductivity in YBa2CujO7

may be indirectly attributed to the pressure effect. In
applied fields like simulations of a reactor accident,
design of inertia! confinement fusion schemes and for
understanding the rock mechanical effects of shock
propagation in earth due to underground nuclear ex-
plosions, the pressure versus volume relations of con-
densed matter are a vital input.

In the High Pressure Physics Division of BARC, we
have been pursuing materials research under pressure
for the past two and a half decades. During this period,
we have developed a good expertise in the area of
experimental production of both static and shock pres-
sures and also in the area of theoretical investigations.
Later include capabilities of analysing/predicting pres-
sure-induced phase transitions, frozen phonon calcula-
tions to reveal the mechanisms of phase transitions,
generation of equations of state from the first principles
band structure calculations and molecular dynamics
simulations and also the numerical simulation of the
effects of shock wave propagation in materials.

For static pressure work, various kinds of diamond
anvil cells have been fabricated indegenously. Facilities
for the collection of angle dispersive (ADXRD) and
energy dispersive powder diffraction (EDXRD) patterns
from samples loaded in diamond anvil cells employing
a rotating anode X-ray generator and ruby fluorescence
technique for pressure measurement have been set up'.
An EDXRD station has also been built on a beam line
of the Russian synchrotron, VEPP-3 at Novosibirsk for

performing high pressure studies2. The diamond anvil
cells have also been adopted for Raman studies1. The
measurement of electrical resistance under pressure
employing Bridgmann anvil technique is also used for
identifying phase transitions.

For generating shock waves, we have set-up a light
gas gun facility in our laboratory4. This gun, which is
the only one existing in our country, is capable of
accelerating projectiles to velocities of up to 1 km s"',
which on impacting a target generate shock pressures
up to 40 GPa. Instruments for measuring projectile
velocity and for recording time-resolved stress wave
histories in the shock loaded samples have been
developed. Recovery capsules have also been made to
retrieve shocked samples, which are then analysed using
microscopic techniques like XRD, Raman, electron
microscopy, etc.

Recently, we have used this gun to study phase
transitions in GeO2, Ti and Zr. Polycrystalline samples
of the a-quartz phase of GeO2 (q-GeO2), recovered after
peak shock treatment of 5, 6.8 and 10 GPa have shown
that q-GeO2 irreversibly amorphizes above 6.8 GPa. The
estimates of the shear band temperatures suggest that
the mechanism of shock-induced amorphization in q-
GeO2 is solid-solid one and not the melt quenched one5.
In Ti and Zr, our objective has been to understand the
causes of the reported scatter in the pressure of a-w
transition (6.0-11.9 GPa) under shock conditions. Our
experiments show that the initial oxygen content of the
sample has a large influence on the transition pressure
(e.g. in Zr, a-w transition up to 11 GPa is seen only
for oxygen content less than 1600 ppm). Unlike that in
static experiments, the effect of shear is found to be
small up to 9 GPa in inclined impact experiments in
Ti.

The phenomenon of crystalline materials becoming
amorphous under compression is only a decade old and
presently an area of active research worldwide6. We
have carried out extensive experimental and theoretical
investigations to understand this. The discovery of
LiKSO4 turning amorphous under a hydrostatic pressure
of about 13 GPa was amongst the first few in this
area7. Subsequently, we have found through our diamond
anvil cell based X-ray diffraction studies that A1PO4,
Ni(OH)2, GeO2 and LiCsSO, also become amorphous
under pressure. Further, though A1PO4 and GeO2 are
isomorphic to quartz SiO2, these do not exhibit the

874 C U R R E N T S C I E N C E , V O L . 6 7 . N O . I I , 10 D E C E M B E R 1994



CONDENSED MATTER SCIENCE - CURRENT STATUS AND PLAN FOR ACTION

precursor transformation recently observed in a-quartz*.
Organic compound resorcinol has been shown to amor-
phize at 4 GPa through Raman scattering studies3. Using
the stereo-chemical picture of the solids, we have inferred
that the basic driving mechanism of this transformation
is steric hindrance coupled with retarded kinetics beyond
the limiting compression for a van der Waals contact9.
We have also carried put extensive molecular dynamical
studies to elucidate the nature of structural changes on
amorphization10. Using the results of these simulations,
we have shown that the recently observed new phase,
preceding amorphization, in a-quartz to be a monoclinic
phase and consistent with our proposal of a zone bound-
ary mode softening". In addition, we find that the
pressure induced glass in a-quartz is anisotropic and
on release of pressure it is densified with a Si-O
coordination number of 4.6. This phase can be brought
back to the four coordinated state only on heating
beyond HOOK.

Quantum mechanical electronic structure calculations
can be performed accurately, now-a-days, specially for
the ground state properties within the local density
approximation (LDA). We use these first principles
calculations for estimating the structural stability of
metals and their compounds, for carrying out frozen
phonon calculations and to find the path of a phase
transition12. Recently, we have investigated the high
pressure phases of many elements13. Excellent agreement
with the experimental observations has been obtained
for the transition pressures, structural parameters and
equations of state. The theoretical total energy calcula-
tions have also been recently used by us to predict
some new phase transitions14, which have been detected
experimentally elsewhere. We also use BARC parallel
processing system to perform such ab initio calculations
on large systems (e.g. Mg32 Zn<9)

15. It is now possible
to extend these first principles calculations to investigate
the mechanical and defect properties of materials.

The plan for future studies includes efforts to increase
the upper pressure limit both in static and dynamic
experiments. The experimental set up to measure the
optical absorption/reflectivity from compressed samples
will be completed shortly. An imaging plate system for
X-ray diffraction has been acquired to improve the
reliability of diffraction results under pressure. A diamond

anvil cell with Be supports for single crystal X-ray
diffraction studies is also under fabrication. Problems
related to the study of kinetics of phase transitions
under pressure and various amorphization studies are
planned.
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Search for a precursor crystal-to-crystal phase transition to
amorphization in a-GeO2 and a-AIPO4 under pressure

M S SOMAYAZULU, NANDINI GARG, SURINDER M SHARMA and
S K SIKKA
High Pressure Physics Division, Bhabha Atomic Research Centre, Bombay 400085, India

MS received 25 April 1994

Abstract. Recent X-ray diffraction studies on a-quartz(SiO2)by Kingmaw u / [ l ] , have shown
the occurrence of a reversible, crystalline-to-crystalline, phase transition just prior to
amorphization at * 21 GPa. This precursor transition has also been confirmed by our recent
molecular dynamics simulation study [2]. In order to investigate the possibility of a similar
behaviour in other isostructural compounds, which also undergo pressure induced
amorphization, a-GeO2 and z-AIPO4 (berlinite form) were studied using energy dispersive X-ray
diffraction. In either of these materials, no such phase transition is detected prior to
amorphization. The onset of amorphization and its reversal is found to be time dependent in
GeO2.

Keywords. Precursor phase transition; pressure-induced amorphizalion; a-GeOji a-AIPO4;
high pressure energy dispersive X-ray diffraction.

PACSNos 61-42; 61-50; 62-50
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Reprinted from Current Science GENERAL ARTICLE

Condensed matter at ultra-high pressures

B. K. Godwal

An overview of first-principles methods to describe condensed matter over a range of pressures
and temperatures where a variety of physical phenomena such as band crossing, phase transitions,
ionic and electronic thermal excitations, liquid disorder, pressure and thermal ionization of
ionic core, etc., are encountered is presented. The importance of such attempts is shown by
comparing their predictions with the results of current high-pressure experiments. Recent
developments in first-principles theories and their usefulness in interpreting high-pressure data
and in basic and applied sciences are also discussed with emphasis on future scope.
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Crystal to glass transformations under pressure

Surinder M Sharma
High Pressure Physics Division. Bhabhu Atomic Research Centre, Trombay, Bombay 400 085

Received 3 April 1995

Over the last ten years or so about four dozens of crystalline materials have been shown to become
amorphous when subjected to a pressure of the order of about 10 GPa. What drives materials to adopt
amorphous structure under compression has intrigued scientists all over the world. Further, these
transformations may be reversible as well as irreversible. Even some of these reversible transformations
become irreversible beyond a threshold pressure. For many years these crystal to amorphous (c -» a)
transformations have been explained in terms of pressure induced melting. Our group at BARC has tried
various approaches to understand different aspects of these fascinating phase transformations. With the help
of X-ray diffraction studies, molecular dynamics simulations as well as in terms of geometric steric
constraints due to molecular interactions, a substantial success has been achieved in understanding these
transformations. Thermodynamical approach suggests that many of these transformations are due to the
kinetic hindrance on the path to a high pressure equilibrium phase. Use of the theory of kinetics of phase
transformation also suggests that some transformations which are reversible under slow unloading of
pressure such as in static experiments may become irreversible under fast decompression, characteristic of
shock unloading. This field of c -» a transformations is briefly reviewed and the work done at Trombay
presented.

Indian Journal of Pure & Applied Physics
Vol. 33, September 1995, pp. 549-555

Normal and high pressure electronic structure studies on large systems

RSRao
High Pressure Physics Division, Bhabha Atomic Research Cenlre, Bombay 400 085

Received 5 May 1995

Merits of the first principles electronic structure and ab initio molecular dynamics simulations
are briefly outlined with the emphasis on the advantages of parallel processing computers in these
calculations. Electronic structure studies on Zn4yMg32, Auln^, and YNi,B,C, calculated with the par-
allelized computer codes, are discussed. Our calculations show that the centres of packing units in
2a**M.&32 ^ e occupied; the observed anomaly in the melting curve of Auln, at 3 GPa pressure is
due to isostructural electronic topologjcal transition (Lifshitz singularity); and the bulk modulus of
YNi2BjC is about 300 GPa. Results of our simulations on sulphur under pressure by the Car-Parrin-
ello method are discussed.
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Comment on "Pressure-Induced Transformations
of the Low-Cristobalite Phase of GaPO.,"

In a recent Letter Robeson, Winters, and llammack
[1] demonstrated that the low-cristobalite phase of GuPO4

undergoes a pressure-induced transition at 15.9 GPa to a
"novel phase" in space group Cmcm. They claim that
this is in accord with the molecular dynamics predictions
for SiOi low cristobalite by Tsuneyuki el al. |2J. In this
Comment, we show that this phase is not a new one as
it has been already documented in a number of closely
related compounds (see Table I).

In literature, it is usually referred to as the '"CrVO4"
structure in which cations have sixfold coordination ami
unions are four coordinated | 3 | . The atomic positions here
are similar to the Cmcm phase predicted hy Tsuneyuki
el al. |2J. The total energy calculations of Chaplot and
Sikka [4] suggest that for AIPO4, the Cmcm phase is the
more stable one at pressures above 10 GPa, even though,
due to the reasons of kinetics, it fails to transform to
this phase under pressure. But in GaAs()4 and AlAsO,
this phase is known | 5 | to result from the compression
between 4 - 7 GPa. We should also point out that the
observation of this phase in GaPO4 in no way supports the
prediction of this phase in SiO : cristobalite by Tsuneyuki
el al. [2], When this phase has not been observed in
cristobalite itself, as noted by Robeson, Winters, and
Hammack 111, its observation in i-CiaPO, should be
viewed as a mere coincidence.

The prediction of new phases by molecular dynamics
calculation depends very much on the accuracy of atom-
specific interactions and therefore, until explicitly shown,
it may be mere conjecture to transfer the conclusions to
other systems. In this context it should be enough to point
out that even for cristobalite SiOj, if one uses the potential
parameters of van Beast, Kramer, and van Santen |X|
(which give excellent prediclions for the a-quartz phase
[9]) this Cmcm phase is not seen in the simulation | IO|.

In view of these facts, it is appropriate to conclude that
the observation of the Cmcm phase in r-GaPO, is not an
unusual result. In fact its occurrence conforms to a
general trend of phase transitions under high pressures.

TABI.I: I. Comparison of axial ratios for some Cmcm phase
compounds.

Compound

GaPO4

SiO,
AIAs()4

GaAsO,
lnPO4

TIPO4

CrPO4

it :

0.700:
0.689:
0.671 :
0.667:
0.675:
0.674 :
0.662 :

> :<

1 :0.8 10
: 0.750
: 0.731
: 0.727
: 0.862
: 0.880
: 0.786

Reference

in
|2|
|5|
|5|
|6|
[6 |
|7|

i.e., the pressure homology rule which states that com-
pression and chemical substitution by an element with
a higher atomic number in (he same column of periodic
table generally result in (he same structural trend.
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High pressure study of borocarbide superconductor YNi2B2C
at room temperature

S. Meenakshi', V. Vijayakumar1, R.S. Raoa, B.K. Godwal'1*, S.K. Sikkaa, Z. Hossain6,
R. Nagarajanb, L.C. Guptab, R. Vijayaraghavanb

' High Pressure Physics Division. Bhabha Atomic Research Centre. Bombay 400 OUS, India
* Tata Institute of Fundamental Research. Coluba. Bombay 400 005, India

Abstract

High pressure behaviour of YNijUjC at room temperature is investigated by electrical resistivity, thcrmopower and
X-ray diffraction incorporating imaging plate. These studies do not indicate any structural transition up to 16.4 GPa.
Bulk modulus of the material is measured to be 200 GPa and estimated to be 270 GPa from the thcorelical calculations
based on TD-LMTO melhod.

Laser and Particle beams, 1996.

EQUATION OF STATE IN LASER SHOCK SIMULATIONS

B. K. Godwal, T. C. Kausliik* and S. K. Sikka

High Pressure Physics Division, Bhabha Atomic Research Centre,

Bombay 400 085, INDIA

* Neutron Physics Division, Bhabha Atomic Research Centre,

Bombay 400 005, INDIA

A three term equation of state is used for the simulation of hydrodynarnic shock

phenomena. The reliability of it is tested by comparing the isotherms and shock

Hugoniots obtained from it with available experimental data. This is illustrated

for three typical materials Al, Pt and Au which arc of considerable interest for

inertially confined thermonuclear fusion studies. We observe that reliable equation

of state (EOS) data can be generated for non metallic substance like CH2 also.

The EOS is used in the simulations of laser driven shocks in double layered target

Aluminium on gold (Al-Au) using hydrodynamic code employing a simplified laser-

absorption model. The output from it is compared with the recent laser driven

shock experiments of Kocnig ot al (li)i)5).
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National Conference On High Pressure Science

and Technology - 1994, Bangalore, INDIA.

Advances in High Pressure Science & Technology 23
Edited by A.K.Singh
Tata McGraw-Hill, New Delhi

Condensed Matter at Ultra High Pressures
—Current Trends
B.K.Godwal
High Pressure Physics Division, Bhabha Atomic Research Centre,
Trombay, Bombay 400 085

Abstract

The strong interplay between high pressure experiments and theoretical
calculations based on density functional formalism have led to the refinements
in theory and experimentation. With the availability of supcrcomputing tech-
niques, the first principles electronic structure studies can be carried out on
large systems which are of current interest in basic and applied sciences. The
examples are provided by the interpretation of the high pressure experimental
data on Auln2 compound ami Ino.2Sno.8 alloys. Also, the importance and scope
of first principles simulations for understanding high pressure experiments are
outlined.

National Conference On High Pressure Science

and Technology - 1994, Bangalore, INDIA.

Advances in High Pressure Science & Technology 93
Edited by A.K.Singh
Tata McGraw-Hill, New Delhi

Some Crystal to Glass Transitions at
High Pressures
Nandini Garg
High Pressure Physics Division, Bhabha Atomic Research Centre, Bombay 400 085

Abstract

The a-GeO2, CV-AIPO4, Ni(OH)2 and LiCsSO., are shown to undergo crystal
to amorphous transitions under pressure. a-GeO2 and a-AlPO^, being isomor-
phous with a- quartz, were presumed to undergo crystal to crystal phase tran-
sition prior to amorphization similar to that seen in a-quartz1'2. However, no
such phase transition is observed in them. Ni(Oll)^ which is isnmorphous with
Ca(OH)2 and Mg(OH)2, heroines X-ray amorphous at ~ KJ C.'l'a. LiCsSO.,
undergoes a series of crystal to crystal phase transitions, in agreement with the
earlier Raman scattering studios3, and finally ainorphi/.cs at pressures greater
than 15 GPa.
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National Conference On High Pressure Science

and Technology - 1994, Bangalore, INDIA.

Advances in High Pressure Science, & Tvclmoloqy 3
Edited by A.K.Singh
Tata McGraw-Hill, New Delhi

Some Phase Transition Studies under
Shock Waves
Sati.-ill C. Gupta
High Pressure Physics Division, Bhabha Atomic Research Centre, Bombay

Abstrnct

Experimental studies on pressure-induced phase transitions are generally
conducted using both static- and shock-loading techniques. Comparison of
these results is interesting; as the presence of shear and high strain rate under
shock compression may alter the mechanism of a transition and also its onset
pressure. Recently, we have carried out gas-gun experiments to study phase
transitions in GeOj, Ti and Zr. XRD ami Raman measurements on the or-
quartz phase of GcO-2, recovered after various shock pressures, show liiat it
irreversibly amorphizes above 6.8 GPa. The amount of amorphized material
increases with pressure, and amorphization is almost complete at 10 GPa.
The estimates of the shear band temperatures suggest that the mechanism of
shock induced amorphization in it is solid-solid one and not the melt quenched
one in contrast to that in a-SiO2- In Ti and Zr, our objective has been to
understand the causes of the reported scatter in the pressure of shock induced
a - + w transition (6.0 - 11.9 GPa). Our experiments on Zr show that the initial
oxygen content of the sample has a large influence on the transition pressure.
For example no u to u transition is seen up to 11 GPa in Zr samples containing
oxygen concentration above 1600 ppm. Unlike that in static experiments, the
effect of shear is found to be small up to 9 GPa in inclined impact experiments
in Ti. The microscopic nature of the a —> w transition in Zr has also been
examined using selected area electron diffraction measurements.
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Proceedings of the Seminar on Supercompuling
lor Scientific Visualisation

Bhabha Atomic Research Centre
Bombay, India

February 15-17, '394

ELECTRONIC STRUCTURE CALCULATIONS ON
BARC PARALLEL PROCESSOR

R.S. RAO, B.K. GODWAL, S.K. SIKKA and R. CHIDAMBARAM
High Pressure Physics Division, Bhabha Atomic Research Centre,
Bombay-400 085, India

Abstract

Details of the procedure to parallelize electronic
structure program based on the Linear Muffin-Tin
Orbital method to run en distributed memory
processors is presented. The parallel processing
system is based on message communicating
architecture. Reliability of the parallelization is
checked with sequential calculations for sample
problems. The parallelized program is applied to a
large system, namely Mg32Zn49 , which is a crystal

approximant to the Al-Zn-Mg quasicrystal. These
calculations would have been impossible on our
sequential machines. The parallelized program has
distinct advantages in studying the electronic
structure of solids having upto about 100 atoms per
primitive periodic cell.

S U P E R C O M P U T I N G FOR
SCIENTIFIC VISUALISATION

' Proceedings of the Seminar on Supercomputing
for Scientific Visualisation

Bhabha Atomic Research Centre
Bombay, India

February 15-17, 1994

AB INIT1O MOLECULAR DYNAMICAL SIMULATIONS
WITH BARC PARALLEL PROCESSOR

B.S. JAGADEESH, R.S. RAO and B.K. GODWAL
Computer Division. High Pressure Physics Oivision,
Bhabha Atomic Research Centre. Bombay-400 085

Abstract

We have implemented the coupled density functional molecular dynamics
(Car-Parrinello) program. Implementation is checked with simulations for
Sn dimer and the results are in excellent agreement with those obtained using
convex-220 machine. Parallelisation of the fast fourier transform routines
gives an overall speedup of 3.4 and the simulation speed is then comparable
to that in convex-220. We also give the results of our calculations on larger
clusters.
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PC BASED DATA ACQUISITION AND CONTROL SYSTEM
FOR PHOTO LUMINESCENCE SPECTROMETRIC STUDIES

AT HIGH PRESSURE

S. N. Momin and R. Siva Bhaskar
High Pressure Physics Division

B. A. R. C , Trombay, Bombay 400 085

Abstract : We describe here the development of a PC based data acquisition and
control system for a Ruby Fluorescence Spectrometer to do pressure calibration in a
diamond anvil cell. A prerequisite of a good on-line control system for such
measurement is a reliable setting and fine step scanning of a monochromator as ruby
R-lines are extremely sharp. To achieve positioning accuracy of 0.01 nm in
wavelength, we have coupled the monochromator with a DC motor and an optical
digitizer through a worm gear of 100:1. The user interaction and data processing is
done by employing a PC-AT/XT, where as the actual data acquisition is carried out in
a microcomputer (8085A) based data acquisition module (DACM).
An interactive operating software package 'PLDAS', consisting of two independent
packages, one in Turbo Pascal for PC and another in assembly language for 8O85A
CPU, has been developed and integrated for data acquisition. This versatile package is
menu driven and controls 'DACM' for the step scanning of the fluorescence spectra,
live display of spectrum on the PC terminal, data handling and storing as well as
preliminary processing of the data. Some of the hardware and software features of the
system are as follows:
* Once the module is programmed by the PC, it independently acquires data in stand

alone mode making PC free for other jobs.
* Data acquisition of multi-experiments can also be controlled by a single PC.
* Option of multi or single channel data counting.
* Choice of live display of the spectrum with or without the display of previously

recorded spectrum.
* Continuous display of experimental parameters such as current wavelength, set time,

step no. and counts under cursor, etc.
* Data handling commands like scaling, smoothening, data transfer to PC, appending

recorded files and single peak analysis.
* Selecting step size of least count = 0.01 nm and counting time between 2 sec to 18

Hrs at each position.
* Choice of number of steps to be scanned (max. 4K steps).
* The single width NIM standard module DACM is a 4K-multichannel scalar having

counting capacity of 16xlO6 counts/step.
This system is open ended and can be easily adopted to any other spectroscopic
experiments such as Raman measurements and/or angle dispersive x-ray/neutron
diffraction experiments.

SACAI - 95, IGCAR, Kalpakkam, January 4 - 6, 1995
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XV AIRAPT - International Conference On High Pressure

Science and Technology - 1995, Warsaw, POLAND.

Pressure Induced amorphization of Ni(OH)

Nandini Garg, V. Chitra, S. Venkateswaran , Surinder M Sharma and S.K.

Sikka, High Pressure Physics Division, (• Spectroscopy Division),

Bhabha Atomic Research Centre, Bombay 400 085, India

Ni(OH) , which is used as an active material for positive electrode

in Nickel-Cadmium batteries, belongs to a class of compounds with

formula A(0H) ( A = Mg, Ca, Co, Ni etc. ) which crystallize in Cdl
2 ' 2

structure (space group P3ml). These show different high pressure

Dehaviour viz., Ca(OH) amorphizes reversibly, Co(OH) has disordered

hydrogen sublattice while Mg(OH) is known to undergo crystalline

phase transition at high pressures. These high pressure phase

transitions in these compounds have been shown to be compatible with

the steric constraint model for the determination of stability of

phases as the shortest II H distances in these materials are

already strained. Ni(OH) at ambient pressures has the H H

distance ~ 1.92 A. This implies that this material is on the verge of

a transition. To check this, we have done x-ray and IR absorption

measurements under pressure in a diamond anvil cell. Energy dispersive

x-ray diffraction measurements were carried out on Rigaku, 18 KW,

rotating anode generator and the in'rared absorption measurements were

carried out with the help of an FTIR instrument. Our experimental

results indicate that Bragg peaks vanish beyond about 15 GPa while IR

spectra shows a continuous increase in the FWHM upto a pressure of *

18 GPa. These results seem to be consistent with the structural model

of Parise et al 2 for Mg(OD). . In this model the hydrogen occupies a

site away from the threefold axis and this permits disorder. This

effectively increases H H distance thereby raising the pressure of

transformation compared to what is expected for the Cdl like

structure of NHOH).,.

1. S.K. Sikka and Surinder M. Sharma, Current Science, 63, 317, 1992
2. Parise, J.B., K. Leinenweber, D.J. Weidner, K. Tan and R.B. Von
Dreele, Am. Miner, 79, 193, 1994
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XV AIRAPT - International Conference On High Pressure

Science and Technology - 1995, Warsaw, POLAND.

PRESSURE DERIVATIVE OF BULK MODULUS OF METALS FROM A UNIFORM
INTERSTITIAL ELECTRON GAS MODEL

N. Suresh, Satisli C. Ciupta and S.K. Sikk;i

High Pressure Physics Division, Bhabha Atomic Research Centre, Bombay /,(!() 085, India.

A relation for the pressure derivative of the bulk modulus (K'o) of the metallic solids IIILS l>een derived employing the
interstitial electron gas model. It is shown that it simulates well the trends in tin' experimental values of A'J, for elements.

Topical Conference On Shock Compression Of Condensed

Matter - 1995, Seattle, USA.

Molcculnr Pynninics Siinulmion on Crisloh.ilitc:
Observation of Disordered Phase at High Pressures.
NANDINI GARG, SURINDER M SHARMA AND S.K.
SIKKA, High Pressure Physics Divisions. Bhnbha Atomic
Research Centre. Bombay 400 085. India -- Cristobalitc phase
of SiO2 shows pressure induced ainorphization under shock
loading1 but under static pressures Raman measurements
support amorpliziation while x-ray diffraction studies do not.
Also earlier, MD calculations do not agree with experiments.
To resolve these issues, we have carried out MD simulations
on cristobalitc-SIO2 with various sized of macrocclls. Our
results show that the initial four coordinated state becomes
six coordinated through an intermediate phase. The first
transition at - 15 GPa is reversible while the second one at -
25 - 35 GPa is irreversible. The structure of the high pressure
phase is partially disordered though the disorder is less
prominent than observed in the simulations for a-quartz. The
results of our simulation though qualitatively in agreement
with the results of Gratz ct al suggest the need to carry out
loading and unloading shock experiments on particles.
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Topical Conference On Shock Compression Of Condensed

Matter - 1995, Seattle, USA.

THE ORIENTATION RELATIONS BETWEEN THE a AND w PHASES OF SHOCKED ZIRCONIUM

G.Jyoti) K.D Joshi) Satish C Gupta) S.K Sikka! G.K Dey2and S.Banerjee2

High Pressure Physics Division; Metallurgy Division
Bhabha Atomic Research Centre, Bombay, INDIA 400085

1-Yom Liu; roconL shock wavi; measurements on Y.v, Sonj» and liray (S(!)
reported a new orienLaLion relationship (01U between a and w phases, which
differed from those observed in earlier hydrostatic pressure experiments.
Based on this, a different transformation mechanism was also proposed. To
clarify the situation, wo havo poiloi mod selected area electron diffraction
measurements on Zr samples shock loaded to 12 Gl'a. All the diffraction
patterns are found to be consistent with the OR of Usikov and Zilbershtein
(UZ) . One diffraction pattern revealed even the OR of SG also. The
superposition of the stereographic projections shows, however, that the ORs
of UZ and SG are equivalent. Thus, the mechanism of phase transformation
under static and shock loading is identical. Also, as both models ( proposed
by UZ and SG ) lead to equivalent ORs, it is difficult to establish which
one is operative.

XV AIRAPT - International Conference On High Pressure

Science and Technology - 1995, Warsaw, POLAND.

EFFECT OF DYANAM1C HIGH PRESSURE ON FISH BACTERIA: A CASE STUDY

K.D. Joshi, CJ. Jyuli, SaUsh C CJupta, S.K. Sikka, It. Chidambaram

IJiyh Prcsstuv. Physics Division, Blmbhn Atomic liv.annvdi Cnntrt:, lionibny JOO 0H5, India.

A.S. KamaL, V. Vciiiigo|>;il, I'aul Thomas and I'.C. KC.HH.WWI

Food Technology Division, Iilmbha Atomic ituscnnJi C'cntm, lioinbay 400 OHTt, hi.dia

We have examined the effect of dynamic high pressure on the load of spoilage as well rm pnlhogenic bnctcrin in 'Indinn
Mackerel', a popular tish item available in Bombay. The 63 mm bore gas-gun WF» u»ed to impart dynamic prniHurea
of about 4 - 7 kbars lasting for a time period of around 4MS in the lish vamplnt. The temperature of the specimen
in compressed state was estimated to be 15" • 25"C above ambient. Five experiments have been conducted: two on
fresh risb samples, two on spoiled tisli samples having ~ H)il/gm bacterial load and one on the sample inoculated with
Salmonella typhim-urium, a pathogenic bacterium. On shock loading, the bacterial load reduction in the fresh tish
samples was found to be J - 2 log cycle whereas the reduction in the spoiled list) was observed to be 3 - 4 log cycles. On
the other hand, i - 2 log cyclr r<*duction of Snlmonelln wrm observed in the inoculated MNII sample. These experiments
show Hint the xhort duration, 1'î h prexxuro sliork trmlmriil could lie uwd ;in n novel inclhixl in reducing u^icrobial
contamination of lishcry prodiK IH.
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December 27-30,1995. New Delhi, India

NORMAL AND HIGH PRESSURE SIMULATIONS BY
AB INITIO MOLECULAR DYNAMICS WITH

PARALLEL PROCESSORS

B.S. JAGADEESH

Computer Division

R.S. RAO and B.K. GODWAL

High Pressure Physics Division

nhnhha Atomic Research Centre, Bombay 400 085, India

Abstract:
The coupled density functional molecular

dynamics code is parallelized on 13AKC par-
allel processing system (BPPS). The method
of parallelizing the three dimensional discrete
fast fourier transform routine is discussed.
With the advantage of speed-up obtained by
parallclization, the first principles simulations
are carried out for Al icosahedra, Al-Mg clus-
ters, and pressure induced amorphous sulphur.

Topical Conference On Shock Compression Of Condensed

Matter - 1995, S e a t t l e , USA.

On Numerical Simulation of Radiation Driven Shocks ill
Materials, T. C. KAUSHIKt and B.K.GODWAU, tNeutron Physics
PivisionriHigh Pressure physics Division, PARC, nOMBAY
-400085 (INDIA). - - - A onc-dimcnsional single temperature
radiation coupled hydrodytmmic code lias been developed by us to
simulate radiution driven shocks which enn yield lens of Mbar
pressure wilh good uniformity1 in materials. The opacities arc
obtained by iiiclucling bound-free, frec-frcc nnd scattering
contributions corrected lor bomid-boimd Irnnsilions. Equation of
state (EOS) includes contributions of cold, Ifllticc and electronic
Uiennal excitations. When the model was utilized to simulate an
aluminum target irradiated by 2 x 10 >2 W/cm2 soft x-rays produced
by a laser irradiated gold plasma, a shock pressure of 0.7 Mbar was
obtained as compared to -1.3 Mbar measured in the experiments2.
Since the opacity and EOS models3 arc correct at such pressures, die
discrepancy could imply die necessity of treating the interaction as a
non-equilibrium process. This is supported by the fact that if an
opacity corresponding to the peak energy of die radiation impinging
on cold material is considered, a comparable shock pressure of
1.2 Mbar is obtained for the same experiment.

1. Th. Lower et ol, Phys. Rev. Lett. 22, 3180 (1994).
2. T. Fndo ct al, Phys. Rev. Lett. £0_, 1022 (1988).
3. B. K. Godwal et al, Phys. Reports IQ2, 121 (1983).
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Advances in Physical Metallurgy ,
Edited by S. Banerjee and R.V. Ramanujan

( Gordon &Breach, New York, 1995) on page. 402
MECHANISMS OF PRESSURE INDUCED PHASE TRANSITIONS

S.K. SIkka and Surinder M Sharma
High Pressure Physics Division,

Bhabha Atomic Research Centre,
Bombay 400 085, India

ABSTRACT

Most of the phase transformations
under pressure are diffusionless and
therefore have features of either
displaclve or martensitic kind. The
parent and the product phases are
related either by group-subgroup or
through an intersection group. Many
of these can be analyzed in terms of
Landau theory with coupled order
parameters . The mechanism of a
particular transformation can be
guessed either through total energy
calculations or discovered by
molecular dynamics. A real path of a
phase transformation leaves the
footprints in terms of either an
orientational relationship or a
phonon anomaly or the observation of
the intermediate phase. These ideas
are elucidated in context of
theoretical and experimental work
carried out in our laboratory and
applied to crystal to amorphous phase
transitions under pressure.
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GAS-GUN FACILITY FOR SHOCK WAVE RESEARCH AT BARC
Satish C Gupta, R G Agarwal*, G Jyoti, S Roy*, N Suresh,

S K Sikka , A Kakodkar* and R Chidambaram

HIGH PIlESSUliE PHYSICS DIVISION
4 REACTOR DESIGN AND DEVELOPMENT GROUP

BHADHA ATOMIC RESEARCH CENTRE BOMBAY 400 085. INDIA

ABSTRACT

For carrying out shock-wave experiments on materials, we have built a 63 mm
diameter gas-gun facility at our laboratory. It is capable of accelerating projectiles
( about half kg in weight) to velocities up to 1 km/s using N and He gases. These
on impacting a target generate shock pressures up to 40 GPa, depending upon the
impedance of the impactor and the target. The barrel of the gun is slotted so that a
keyed projectile can be fired for combined compression - shear studies. Large
samples can be shocked (~ 60 mm diameter and 5-10 mm thick), with pressures
lasting for a few microseconds. The gun is similar in design to t he one at
Washington State University. A number of diagnostic techniques have also been
developed. These include measurement of projectile velocity, tilt between the
impactor and the target, shock velocity in the target, and time resolved in-material
stress wave histories in the shock loaded samples. Recovery capsules have also been
made to retrieve shocked samples on unloading, which are then analysed using
microscopic techniques like X-ray diffraction, Raman and electron microscopy. The
gun has been performing well and has already been used for a few phase transition
studies.
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1. Molecular Dynamical Studies Of The Variations In Coordination And Si-0
Seperation In Alpha-Quartz Under Pressure.
M.S. Somayazulu, Nandini Garg, S.M. Sharma and S.K. Sikka
Solid State Physics (India), Vol. 35C, 390, 1992.

2. Time Resolved Stress History Measurement In Shock Loaded Sample By Manganin
Gauge Technique
S.C. Gupta, G. Jyoti and N. Suresh
Solid State Physics (India) Vol. 36C, 106, 1993.

3. Phase Transition In Shocked GeO2 Quartz Phase Revealed By Thermolumniscence
Sangeeta, A K. Chauhan, S.C. Sabharwal, N. Suresh and S.C. Gupta
Solid State Physics (India) Vol. 36C, 454, 1993.

4. Shock Induced Amorphization Of q-GeC»2
N. Suresh, G. Jyoti, S.C. Gupta, S.K. Sikka, Sangeeta and S.C. Sabharwal
Solid State Physics (India) Vol. 36C, 444, 1993.

5. Experimental Investigations On Shock Induced a - co Transition In Ti
G. Jyoti, S.C. Gupta, S.K. Paranjpe and S.K. Sikka
Solid State Physics (India), Vol. 36C, 445, 1993.

6. X-ray Structure Factor Of Pressure Induced SiO Glass - Confirmation Of
Coordination Change.
M.S. Somayazulu, S. M. Sharma, Nandini Garg, S.L. Chaplot and S.K. Sikka
Solid State Physics (India), Vol. 36C 447, 1993.

7. Large Scale Electronic Structure Calculations On BARC Parallel Processor
R.S. Rao, B.K. Godwal, S.K. Sikka and R. Chidambaram
Solid State Physic (India), 36C, 127, 1993.

8. Crystal to Amorphous Phase Transition Under Pressure
S.M. Sharma
Solid State Physics (India), Vol. 37C, 19, 1994.

9. Normal And High Pressure Electronic Structure Studies On Large Systems
R.S. Rao, Solid State Physics (India), 37C, 15,1994.

10.High Pressure X-ray Diffraction and Resistivity Studies At Room Temperature Of
RNi2B2C (R=Y, Ho, Er,Tm) Borocarbide Superconductors
S. Meenakshi, V. Vijayakumar, B.K. Godwal, S.K. Sikka, Zakir Hussain, R. Naga-
rajan, L.C. Gupta and R. Vijayaraghavan
Solid State Physics (India), 37C, 352, 1994.

11. High Pressure Phase Transitions In Intermetallic Compound Auln2

B.K Godwal, A. Jayaraman, S. Meenakshi, R.S Rao, S.K. Sikka & V. Vijayakumar
Solid State Physics (India), 37C, 423, 1994.

12.IR Absorption Study Of Ni(0H)2 Under High Pressures
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V. Chitra, S. Venkateswaran, S.M. Sharma and S.K. Sikka
Solid State Physics (India), Vol. 38C, 358, 1995.

13. Raman Scattering Study Of High Pressure Phase Transitions In FePO4

V. Chitra, S.N. Momin, S.K. Kulshreshtha and S.M. Sharma
Solid State Physics (India), Vol. 38C, 359, 1995.

14.Phase Transitions In LiCsSC>4 Under Pressure
Nandini Garg, S.M. Sharma, A.K. Sood and S.K. Sikka
Solid State Physics (India), Vol. 38C, 360, 1995.

15. Shock Induced Phase Transition In Barium Borate
N. Suresh, K.D. Joshi, S.C. Gupta, Sangeeta and S.C. Sabharwal
Solid State Physics (India) Vol. 38C, 372, 1995.

16. Variation Of Axial Ratio (c/a) With Pressure From First Principles Electron Theory
B.K. Godwal, S. Meenakshi and R.S. Rao
Solid State Physics (India), 38C, 108, 1995.

17. Structural Stability And Equation Of State Of Auln2 Using Imaging Plate Based
Angle Dispersive X-ray Diffraction
S. Meenakshi, B.K Godwal, V.Vijayakumar, R.S Rao, *A. Jayaraman & S.K Sikka
(* Hawaii Institute of Geophysics and Planetology, University of Hawaii at Manoa,
USA)
Solid State Physics (India), 38C, 367, 1995.

18.Some Solid State Physics Investigations Using Shock Waves
G. Jyoti
13th Young Physicist Colloquium, Calcutta, 1995.

19. Structure Determination at High Pressures from Molecular Dynamics
S.K. Sikka
National Conference on High Pressure Science and Technology, Bilaspur, 1995

20. Thermodynamics of Crystal to Amorphous Phase Transformations Under Pressure
S.M. Sharma
National Conference on High Pressure Science and Technology, Bilaspur, 1995

21. High Pressure Phase Transitions Using Imaging Plate Area Detector
B.K. Godwal
National Conference on High Pressure Science and Technology, Bilaspur, 1995

22. Some Aspects of Phase Transformations in Zr Under Dynamic High Pressures
G. Jyoti
National Conference on High Pressure Science and Technology, Bilaspur, 1995

23.Search of Precursor Phase Transition to Amorphous Phase in FePO4 : A High
Pressure Raman Scattering Investigation
V. Chitra, S.N Momin, S.K. Kulshreshtha and S.M Sharma
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National Conference on High Pressure Science and Technology, Bilaspur, 1995

24.Parallelization Of The Ab-Initio Molecular Dynamics Simulations For High
Pressure Studies
R.S. Rao and B.K. Godwal
National Conference On High Pressure Science and Technology, Bilaspur, 1995

25.Phase Transition Studies Using The Gas-Gun
Satish C Gupta
Solid State Physics (India), 38C, 2, (1995).

Thesis Submitted To Bombay University:

Some Condensed Matter Physics Investigations Using Shock Waves

Jyoti S Gyanchandani
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Jour. Assoc Expl. Geophys.
October 1994. VoL XV No. 4
ppl89u>198

Estimation of Crustal Thickness using bottomside
Moho Reflected Phases from Deep Focus Earthquakes

Falguni Roy, T.K. Basu and S.K. Arora

Bhabha Atomic Research Centre, Bombay - 400 085

Abstract : Short period seismic signals reflected from the bottomside of the Moho discontinuity and

originating from some deep focus earthquakes in Hindukush region have been used to estimate the

crustal thickness in the region. Two such bottomside Moho-reflectcd phases, namely pMP and sMP,

together with the usual depth phases, pP and sP, are found to provide effective means to delineate the

Moho in such subduction zones where earthquakes occur at large depths.

The pMP and sMP signals arc comparatively weaker than the corresponding free surface reflected depth

phases. However, detection of these phases is accomplished by suitable digital filtering and beam

forming of short period data obtained at the Gauribidanur array. Further confirmatory evidence of the

identification of these significant secondary arrivals in the coda is obtained by detailed processing and

systematically matching the slowness vectors of these weak signals with those of the relatively strong

depth phases. Analysis of such processed data gives a Moho depth of approximately 57 km, which is in

broad agreement with the thickness of the Himalayan crust.

Bull. Ind.Soc.Earth.Tech. , Paper No.336. Vol.30. No.4, Dec.1993, pp.125-141

SEISMIC SIGNAL DETECTION AND FURTHER PROCESSING USING ARRAY
SEISMOGRAMS : AN OVERVIEW

S.K.Arora. Falguni Roy and T.K.Basu
Seismology Section

Bhabha Atomic Research Centre
Trombay. Bombay 400 085

ABSTRACT

Digital signal detection and processing Involving
automated procedures Is recognised as an important thrust
area activity In modern seismology. Facilitated by the high
quality data obtained from mainly Gauribidanur seismic
array since its installation in southern India over
twenty-five years ago, this activity is purported to
progressively evolve efficient methods and techniques to
detect signals of seismic events, especially week ones,
from any region of the world and Identify their sources
through feature extraction. This paper gives an overview of
major data processing techniques established by us and
mentions some future projections Including development of a
knowledge based expert system. Among the methods of signal
detection from essentially short period array records,
optimum beamforming, correlogram, cumenerogram and
prediction error filtering have been emphasised. For source
discrimination employing single array data, particularly In
case of events with very shallow focal depth, scaled
complexity combined with third moment of frequency of P
signal is shown to be reasonably good. However, tempqral
and spectral characteristics of the secondary arrivals such
as PcP and PP are found to be promising discriminants. It
Is planned to support these processors by extensively
employing long period as well as broadband data that would
also afford looking into some of the Interesting diagnostic
features of S (shear wave) phases.
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Dynamics of the Burridge-Knopoff Model of Earthquakes

H. Ramachandran1 and G. Ananthakrishna2

Seismic Array Station, Bhabha Atomic Research Centre, Gaunbidanui, K;imat;ik;> 561 203,
India

Materials Research Centre, Indian Institute of Science, Bangalore 5C0 012, Indin

Keywords: Earthquake, Travelling Waves, Phase Diagiani, Chaotic Motion

Abstract

Several new features have been observed in the dynamics of the homogeneous, one diiiiensinn
Durridge-Knopoff model. The phase diagram involving earthquake-like events and travelling
waves has been deduced from numerical simulation. It is shown that an expression fur the
phase boundary, derived on the basis of order-of-inagnitude energy considerations, (its Ilie
results of the numerical simulation quite well. 'Two slates of unccirrelated motion of lilorks aie
seen in the low friction and weak coupling limits. The latter lesulls from I.IK1 (limit;-.' Mini inn
of individual blocks.
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Proc. A course on Digital Seismic Instrumentation and Analysis of data, May
12 - June 9,1995, Lecture Notes.

SEISMOMETERS AND ACCELEROMETERS : PRINCIPLES
AND DESIGN DETAILS

Vijai Kumar
Seismology Section, High Pressure Physics Division

Bhabha Atomic Research Centre
Trombay, Bombay - 400 085

ABSTRACT

Seismic transducers such as seismometers and accelerometers are instruments for
measuring the vibrations of the earth's surface caused by various natural and artificial
sources. In principle, these instruments essentially measure relative motion of points on the
earth's surface with respect to some inertial frame e.g. centre of gravity of the earth. This
note discusses the sensing element based on mass-spring-damping vibratory system and
the transducing element based on electro-dynamic principle. Design details of seismometer
and accelerometer are briefly given. Response curves of the mechanical vibratory system
and electro-dynamic seismometer are evaluated and presented.

Proc. NATO Advanced Study Institute on Monitoring, Alvor, January 23 -
February 2, 1995.

THE USE OF SEISMOLOGICAL RECORDS IN MONITORING
UNDERWATER EXPLOSIONS

Vijai Kumar
Seismology Section, High Pressure Physics Division

Bhabha Atomic Research Centre
Trombay, Bombay - 400 085

ABSTRACT

Underwater explosions generate hydroacoustic waves which travel long distances
virtually without attenuation due to the special property of minimum velocity channel in
the ocean. The hydroacoustic waves when strike the ocean-land boundary are converted
into seismic waves which can be detected by seismic stations situated on coasts or islands
and are equipped with appropriate sensors. These seismic stations are less costly and
easier to operate compared to hydroacoustic stations. This paper discusses the usefulness
of coastal/island seismological stations in monitoring underwater explosions and gives a
comparative assessment vis-a-vis hydroacoustic stations.
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Proc. 32nd Annual Convention and Seminar on Marine Geophysics, Indian Geophysical
Union, Dec. 19-21, 1995, Hyderabad, pp 63-66.

MICROSEISMIC NOISE AT GAURIBIDANUR ARRAY :
A PARTAMETRIC MODEL

Y.S.Bhadauria and S.K.Arora
Seismology Section, HPPD

Bhabha Atomic Research Centre, Trombay
Bombay - 400085 (India)

Abstract

Aiming to systematically model the short-period inicroseismic noise in the region of the medium-aperture
linear-cross Gauribidanur seismic array in southern peninsular Indian shield, a comprehensive study has been
made of the noise field within the array space. Based mainly on the power spectral density estimates obtained
from a large number of representative digital noise samples archived throughout the year 1992, an year-round
average noise model has been deduced in the frequency range from 0.25 to 8 Hz. Interesting temporal features
related to diurnal and seasonal variations of the noise are noted and these have been analysed in detail. The
noise behaviour has been characterised by closely examining time correlation and spectral coherence of noise
waveforms over distances relevant to the array geometry. Implications for seismic event detection with regard
to possible improvement in signal-to-noise ratio have also been discussed.

Proc. International Conference on Disasters and Mitigation, Madras, 19-22 January, 1996;
Vol. I, pp A2.4 - A2.9.

ESTABLISHMENT AND RECENT UPGRADATION OF THE BHATSA
RADIO TELEMETERED SEISMIC NETWORK FOR MONITORING

REGIONAL EISMICITY

V.G.KOLVANKAR, V.N.NADRE, S.K.ARORA and D.S.RAO

Seismology Section, HPPD
Bhabha Atomic Research Centre

Trombay, Bombay 400085.

ABSTRACT

Indigenously built and established in early 1988, a seismic network comprising ten radio (wireless)
telemetered seismic stations has been maintained to operate uninterruptedly at Bhatsanagar, some 100 km
northeast of Bombay, to monitor regional earthquake activity for seismotectonic investigations in that region
containing a large masonary gravity dam (Arora et al., 1989,1990). This network has generated high quality
digital seismic data and provided good base for further research and development activities in the field.
Various systems and instruments have been developed, tested and progressively deployed in this network.
Significant among these are the development of digital telemetry of field data, high dynamic range data ac-
quisition system and Bhatsa-Trombay (Bombay) wireless link for telemetry of full network data of detected
seismic events in on-line mode. The instrumentation periodically added to upgrade the net has improved the
telenet system considerably.

Keywords : Earthquakes, Seismic telenet, Bhatsa.
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CMR/IDC, Arlington, VA, Report, April 1995.

EVENT LOCATION WITH FREE AND CONSTRAINED FOCAL DEPTHS:

A COMPARATIVE STUDY AT THE CMR/IDC

FALGUNI ROY-

ABSTRACT

Estimation of focal aepth is accomplishea best with the help of the depth phases. However, clear

depth phases are seen only from a small number of events. Therefore. In order to estimate the

focal depths of the remaining events one has to depend on the method based on least squares

inverse of travel time data. The accuracy of the depth estimates from the latter method (free

depth method) depends on various factors. Nevertheless, on several occasions the depth

estimates from these two methods happen to agree well. The present study was aimed at finding

out the factors responsible for the agreement or disagreement between the two depth estimates.

The knowledge ocquired in the process. may then be used to accept or reject a free depth

estimate.

It was found that the distance of the nearest station (providing defining phases) from the source

was one of the vital factors which influenced the free depth estimates. Lesser the distance, better

will be The accuracy of free depth estimates. The study also revealed that S phases recorded

from moderate to deep focus events may be useful for obtaining belter estimates of free depths

even if the data from local stations( distance < 10 deg.) are not available. It was found that the

events which were located either by using PcP and S phases among the defining phases or by

using local station data . had better free depth estimates. The report also describes how various

other event parameters are influenced by the source depth estimates.

HPPD. BARC. BOMBAY- 400 085. INDIA.
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WAVEFORM CORRELATION AND COHERENCE OF SHORT-
PERIOD SEISMIC NOISE WITHIN GAURIBIDANUR ARRAY WITH

IMPLICATIONS FOR EVENT DETECTION

by
Y.S.Bhadauria and S.K.Arora

Seismology Section, HPPD
Bhabha Atomic Research Centre, Trombay

Bombay
1995.

ABSTRACT

In continuation with our effort to model the short-period microseismic noise at the seismic
array at Gauribidanur (GBA), we have examined in detail time-correlation and spectral
coherence of the noise field within the array space. This has implications of maximum possible
improvement in signal-to-noise ratio (SNR) relevant to event detection. The basis of this study
is about a hundred representative wide-band noise samples collected from GBA throughout
the year 1992.

Both time-structured correlation as well as coherence of the noise waveforms are found
to be practically independent of the interelement distances within the array, and they exhibit
strong temporal and spectral stability. It turns out that the noise is largely incoherent at
frequencies ranging upwards from 2 Hz; the coherency coefficient tends to increase in the
lower frequency range attaining a maximum of 0.6 close to 0.5 Hz. While the maximum
absolute cross-correlation also diminishes with increasing frequency, the zero-lag cross-
correlation is found to be insensitive to frequency filtering regardless of the pass band. An
extremely small value of-0.01 of the zero-lag correlation and a comparatively higher year-
round average estimate at 0.15 of the maximum absolute time-lagged correlation yields an
SNR improvement varying between a probable high of 4.1 and a low of 2.3 for the full 20-
element array.
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BARC/1994/E/027

A MODEL OF SHORT-PERIOD IVtlCROSElSMlC NOISE

AT GAURIBIDANUR SEISMIC ARRAY

by

Y.S. lihadauria arxJ S.K. Aroni
High Pressure Physics Division

BHABHA ATOMIC RESEARCH CENTRE
BOMBAY, INDIA

199*

Abstract : As part of a programme to examine the year round detection
capability of Gauribidanur seismic array (GBA) and to enhance it by
augmenting the »mky processing techniques, a systematic and
comprehensive study of microseismic noise at the array site is
initiated. A model of the short-period seismic noise at GBA is
deduced in the frequency range from 0.25 to 8 Hz. Essentially,
representative estimates of power spectral density (PSD) computed
from a large number of digital seismic noise samples archived during
the year 1992 from data tapes at GBA are used ta farm this model. It
is confirmed that the nonseismic noise generated by the monitoring
system in considerably lower than the seismic noise.

BARC/1994/E/036

MECHANISM SOLUTION OF LATUR (INDIA) EARTHQUAKE OF

SEPTEMBER 29, 1993

by

A.R. Banghar
High Pressure Physics Division

BHABHA ATOMIC RESEARCH CENTRE
BOMBAY, INDIA

Abstract :This paper presents the focal Mechanism solution of Latur
(India) earthquake of September 29, 1993. Use was made of the first
notions of P_ waves. The mechanism solution is characterized by a
predominant component of thrust faulting. The deduced orientation of
the axis of compression is nearly north-south. This orientation of
the axis compression is similar to that obtained previously from
aechanism studies of earthquakes that occurred in peninsular India.
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BARC/I995/E/013

MULTICHANNEL SIISMIC EVENT DIGITAL DATA ACQUISITION

SYSTEM Wllll HIGHER DYNAMIC RANGE AND

HIGHER PACKING DENSITY

by

V.G. Kolvankar
High Pressure Physics Division

BHABHA ATOMIC RESEARCH CENTRE
BOMBAY, INDIA

1995

Abstract i A new data acquisition system is built using an ADC with
16 bit resoultion. Miller coda is used for recordinQ serial data on a
magnetic tape. This report discusses the details of recording and
reproduce circuitry which employs 16 bit ADC and Miller code encoding
technique.

BARC/1994/E/040

TYPICAL SE1SMICITY OF PENINSULAR INDIA BASED ON

GAURIBIDANUR ARRAY DATA OBTAINED DURING THE

TWO-YEAR PERIOD OF 1992-1993

by

B.K. Gangrade, S.K. Arora, T.K. Basu, A.G.V. Prasad,
E. Unnikrishnan and Manoj Kumar

High Pressure Physics Division
BHABHA ATOMIC RESEARCH CENTRE

BOMBAY, INDIA

Abstract : In pursuance to the systematic study of seismicity and
seismotectonics of the Indian peninsular shield employing data of
regional earthquakes well detected, at the Gauribidanur seismic array
(GBA), typical seismicity pattern has been obtained from the array
data of two years over the period 1992-1993. To render the database
more complete that makes the seismicity picture more comprehensive,
the GBA data have been, where necessary, adequately supplemented with
those of some seismic stations in southern India thereby improving
upon source locations too. No moderate to large earthquakes have been
noticed within about 300 km to GBA. Interestingly, earthquakes of
magnitude more than 3 seem to be occurring in parts of peninsular
India North of lattiude 16 °N passing through Cuddapah basin, while
the peninsular Archaean granite—gneiss terrane South of this latitude
has comparatively smaller seismic events. By and large, the regional
seismicity over the years exhibits stationarity except for an
abnormal and intense earthquake activity that spurted in 1993 in the
Latur—Osmanabad region of the flood basaltic province and followed a
mild precursory swarm in the same region the year before.
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AN INTERACTIVE SYSTEM FOR SEISMIC SIGNAL

DETECTION AND IDENTIFICATION

by
Falguni Roy and T.K. Basu

High Pressure Physics Division
BHABHA ATOMIC RESEARCH CENTRE

BOMBAY, INDIA

Abstract : The methods to distinguish an under {round explosion from
an earthquake are mainly based on exploiting the differences in the
source functions of the two processes and lo mating the depth of
source. Various characteristics of seismic signa s generated by these
sources, arc usually represented by diffe ent parameters or
identifiers. However, it is not possible for a single identifier to
distinguish an explosion from an earthquake with equal effectiveness
in all situations. Usually a combination of several Identifiers is
found to provide effective means for the identification of
seismic sources. In order to use the multiple parameters in an
optimum way, an interactive system (IS) for detection and
identification of global events has been developed using 3hort period
data of Gauribidanur array. This report describes the salient
features of the IS and demonstrates its effectiveness in identifying
an event using weighted combination of the parameters together with
the depth of source. It is intended to augment the system with long
period data in the next phase of the development.

BARC/1995/E/012
ESTABLISHMENT OF BHATSA-TROMBAY RADIO LINK

FOR TRANSFER OF COMPLETE NETWORK DATA FOR EDITED

SEISMIC EVENTS IN ONLINE MODE

by

V.G. Kolvankar
High Pressure Physics Division

BHABHA ATOMIC RESEARCH CENTRE
BOMBAY, INDIA

1995
Abstract i A ten station radio tilematersd seismic network was
established in 1988 to monitor the seismicity of the area in and
around a gravity dam constructed at Bhatsa, Thane District,
Maharashtra State. Ten field stations through independent radio links
telemeter signal conditioned seismic data round the clock to the
central recording laboratory (CRL) located at Bhatsa. Here this
online multichannel data is screened and the seismic event portion of
this data is separated and recorded on a magnetic tape in online as
well as in real time mode. In order to get quick information of the
received data, efforts were made to radio telemeter this edited event
data to our establishment at Trombay which is located about 1OO kms
from Bhatsa. This paper discusses the specifications and operation of
the digital modest which is developed for telemetry of this edited
multichannel data in online mode corresponding to the seismic events.
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DIGITAL MODEM FOR TELEMETRY OF SEISMIC SIGNALS

USING MILLER CODE

by

V.G. Kolvankar and V.N. Nadre
High Pressure Physics Division

BHABHA ATOMIC RESEARCH CENTRE
BOMBAY, INDIA

1993
Abstract :This report discusses the development of a digital modem
for telemetry of seismic signals using Miller code. Requirement of
this type of modem for telemetry of seismic data with wide dynamic
range, selection of Miller code, and selection of ADC and DAC chips
are discussed in detail. The added features such as field
programmable sampling rate, and number of input channels are
highlighted.

BARC/1993/E/035

DETECTION AND IDENTIFICATION OF SOURCES OF VERY DISTANT

SEISMIC EVENTS IN WESTERN UNITED STATES USING

SINGLE ARRAY SEISMOGRAMS

by

Falguni Roy, Tapas K. Basu and S.K. Arora
High Pressure Physics Division

BHABHA ATOMIC RESEARCH CENTRE
BOMBAY, INDIA

1993

Abstract sin search of a new source discriminant based on the
characteristics of PP signal, a study has been made by special
further processing of Gauribidanur array (GBA) seismograms of
underground explosions at Nevada Test Site (NTS) in Southern Nevada
and of tectonic earthquakes in five provinces in the Western United
States (US), both class of events being situated in the far
teleseismic distance range (120°<A<131°) where GBA lies in the core
shadow zone with respect to the source region. This study aims to
evolve aids of detection and identification of such distant and small
seismic events using GBA data alone. Preliminary analysis of the
processed short period signals from seventeen Western US earthquakes
and twelve NTS explosions shows that, for a given body wave magnitude
(Mb), the relative high frequency spectral content of core-refracted
P waves as well as the ratio of PP to P energy for the earthquakes
are in general more than those of the explosions. The PP discriminant
and the third moment of frequency (TMF) along with the MbiMs
criterion, wherever possible, seem to be promising as an effective
means of identifying Western US events. It is demonstrated that by
applying in tandem the above three identifiers to the set of
twenty-nine known events in the magnitude range 4.8^!Mb^5.9, all the
events of Mb 4.9 and above could be identified unambiguously.
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Relative Characteristics Study Of Short-Period Direct P Phase And
Reflected pP And PP Phases Of Various Seismic Sources At Teleseismic

Distances From Gauribidanur Array

T. K. Basu and S. K. Arora

With an aim to study relative characteristics of direct P phase and secondary arrivals
surface reflected pP and PP phases from seismic sources at teleseismic distances to
Gauribidanur seismic array (GBA), a comprehensive database has been created by
selecting over 300 seismic events (Mb>5.0) reported by USGS in the year 1993-94. GBA
recorded short-period digital waveform segments of these seismic events were archived
on magnetic tapes from the continuous data available on Exabyte tapes to initially process
on ND-system at Trombay.

A PC version of an interactive software was developed to process the array data. This
comprises among other tasks, quality check to pool only working channels and then
generate phase-shifted overall sums of signals used in the study. The next stage of
processing involves computation of parameters such as signal complexity, TMF and
CTMF of P phase and also amplitudes and energies of P, pP and PP supported by their
respective amplitude ratios as well as energy ratios in a suitably selected time-window.

These parameters are expected to yield characteristic patterns with respect of seismic
sources over identical paths to GBA (purely continental and purely oceanic) as well as
with those over mixed (continental-oceanic) paths to GBA. It is hoped that close
comparison of recognised patterns at comparable epicentral distances will help
characterize earthquake regions, both continental interiors and plate boundary provinces.

Retrieval And Processing Of Digital Seismic Data Of Delhi Seismic Unit

T. K. Basu and Falguni Roy

At Delhi Seismic Unit (DSU) a triangular seismic network has been in operation for
continuous monitoring of seismic signals. The analog seismic signals from three short
period vertical seismometers located at Physics Laboratory Compound (CLP), Bhati
(BHT) and Kasan (KSN) are telemetered by UHF radio links to a central recording
laboratory (CRL) at RK Puram, New Delhi. The analog recording which is done on a
strip chart recorder at CRL has been augmented by a PC based system for digital data
conversion and data acquisition for offline processing.

For seismic event detection and identification digital data plays an important role. An
interactive software routine has been developed on PC-486 system to retrieve and process
DSU archived seismic signals. The main features of the routine may be divided in three
parts. These are i) to see the signals of CLP, BHT and KSN channels on common time
base on the monitor, ii) to evaluate signal onsets of the DSU channels by using cursor for
computing event location and iii) to compute usual event characteristics parameters
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including body wave magnitude. The calculated parameters of the events are appended to
a database file which is to be useful in source identification.

A Method To Obtain Seismic Source Locations Based On Flinn-Engdahl
Regions

T. K. Basu and B. K. Gangrade

In general, seismic events are located by a station from the observed azimuth and
epicentral distance of the source at the station. At present, for Gauribidanur Seismic Array
(GBA) and Delhi Seismic Unit (DSU), source locations of events are being obtained by
using available standard lag tables which provide apparent phase velocity, azimuth and the
epicentral distance (input parameters).

In order to provide the names of regions of seismic sources, a computer software
routine has been developed which uses Flinn-Engdahl Regions. It basically contains 729
geographic locations all over the globe based on different grid combinations of latitudes
and longitudes. In the existing Flinn-Engdahl geographical regions, Indian sub-continent
has been very broadly divided. In order to provide geographical locations in Indian sub-
continent more precisely, we have added 143 more regions to the Flinn-Engdahl Regions.
In this method the input parameters are used to compute latitude and longitude of the
seismic source which in turn finds the geographic locations from the appended Flinn-
Engdahl (total 872) regions available to the routine. The routine may be useful to find
geographical source region name from available latitude and longitude of the seismic
source.

Seismic Signal Detection And Identification Using Artificial Neural
Networks

Falguni Roy

Artificial neural networks (ANN) are emerging as potential tools for seismic signal
detection and source identification. An ANN is best suited to handle these tasks due to the
fact that it can be adapted to fit more complex decision surfaces than the conventional
techniques and it also provides numerical advantages particularly for large data sets.

A three layer ANN has been developed for on line detection of seismic signals. MEM
spectra based on low order models form the input to the network. The ANN, which has
been trained with a large set of data comprising seismic signals and seismic noise, has
demonstrated excellent capability to detect weak seismic signals.

Once an event is detected by the ANN, various parameters are computed which,
among others, include signal spectrogram parameters and several conventional
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parameters derived from short period seismograms. These parameters are now being used
to train another ANN to be deployed for identifying the nature of the source.

An Earthquake Swarm In Surya Dam Region Of Jawahar Talluka,
Maharashtra : Analysis Of Data From Bhatsa Telenet

Y.S.Bhadauria, S.K.Arora, V.G.Kolvankar and S.V.Sharma

During the period January-March 1994 spurted an earthquake swarm in the Surya
dam region of Jawahar Talluka, Maharashtra. The radio telemetered Bhatsa seismic
network situated about 60 km southeast of the centre of the swarm recorded nearly 250
small earthquakes, some of them felt locally, whose coda-duration magnitude ranged from
2.1 to 4.2. About 125 of these events gave clear signals at 4 or more stations of the
network so that their hypocentral parameters could be determined using a specially
developed computer program HYPO. A projection of the earthquake sources on tectonic
lineament map of the region suggests that the swarm between Medhi village and Deharji
project site resulted from lithological movements for small readjustments within the
layered crust, probably along the NNW-SSE striking Kalu-Surya fault system and in a
graben that traverses the Bhatsa reservoir area. After an interval of nearly 5 months the
region was struck again by a secondary swarm in July 1994, which continued till
September 1994. The seismic activity, more or less confined to Jawahar-Murbad region
now, still continues to be experienced intermittently.

Local Seismicity Around Delhi: Data From Delhi Triangular Array

Y.S.Bhadauria, S.K.Arora, M.Singh and T.V.Sridharan

A catalogue of nearly 2000 local seismic events detected by Delhi triangular array,
almost all of them tectonic earthquakes, spanning a period of 13 years (1983-1995), has
been compiled to systematically investigate the seismicity of Delhi region and the areas
adjacent to it. The radial distance covered is about 350 km around Delhi to accommodate
sources of the Uttarkashi earthquake of 1991 and its numerous aftershocks. An
interactive computer program to locate epicentres and estimate coda-duration magnitudes
of these events has been developed on a PC. Efforts are underway to carry out detailed
analysis of this adequately large data set with regard to seismotectonics of the region.
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Method For Computing Yield Of Nuclear Explosions

A.R. Banghar

A method for computing yield of underground nuclear explosions by scaling near
source seismograms of nuclear and chemical explosions was studied. Path and near source
coupling effects were accounted for by modeling ratios of spectra of nuclear and chemical
explosions recorded at identical sites and detonated nearly in same location. Source
function is assumed to be same for underground nuclear and chemical explosions.

Discrimination Between Chemical Explosions And Earthquakes

A.R. Banghar

Various discriminants for differentiating between chemical explosions and earthquakes
at local and regional distances were studied. These discriminants use Pn/Sn ,Pn/Ln ,Lg/Rg,
P/S maximum amplitude ratios, spectral peaks and slopes extracted by autoregressive or
moving average modeling, master event correlation, and search for time independence in
sonograms. High P/S spectral ratio would also work to discriminate small
undergroundnuclear explosions from small earthquakes.

Mechanism Solution Of Uttarkashi Earthquake Of October 19, 1991

A. R. Banghar

Mechanism solution of Uttarkashi earthquake that occurred on October 19, 1991 was
investigated. Use was made of first motions of P waves. Mechanism solution of this event
is characterized by a large component of thrust faulting. Both the nodal planes strike
northeasterly. The inferred orientation of the slip vector is north-east irrespective of
whichever plane is chosen as the fault plane. Mechanism solutions of earthquakes that
occurred along Himalayas indicate underthrusting of Indian subcontinent under Himalayas.
Hence, northerly dipping nodal plane is chosen as the fault plane.
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Synthesis Of Amplitude Spectra And Seismograms Of P Waves From
Underground Nuclear Explosions

A.R. Banghar

Step by step variation of the amplitude spectra and waveforms of long and short
period P waves from underground nuclear explosions as signal propagates from source to
receiver was studied as a function of explosion yield and crustal structure. Source
function of Haskell's type and granite as detonating media was assumed. P wave
seismograms were synthesized for several explosion yields for some selected sites in
Pakistan .

Measurement Of Ground Motion Towards Achieving Vibration-Free
Mount

V.N.Nadre and S.K.Arora

An experiment was conducted for Laser and Plasma Technology Division (L&PTD),
BARC, to measure ground motion at their laboratories located at south site and in the
basement area of the modular Labs. The aim of this experiment was to provide inputs
towards installation of a vibration-free platform for mounting a laser gun over it. A large
amount of seismic data generated by the experiment were analysed and discussed in detail
with the coworkers from L&PTD.

Spectrogram Technique: A Source Discriminant For Regional Distances

Hem a Ramachandran, R.N.Bharthur and E.Unni Krishnan

Sonogram or Spectrogram is a technique widely used in speech recognition. Of late it
is being increasingly used in discrimination seismology, especially at regional distances.
The traditional Fourier technique gives power spectral density of the entire time series and
indicative only of the average frequency spectrum. This has a disadvantage in that the time
variation of the frequency spectrum of the signal is lost. In sonogram technique, the signal
is divided into a number of short time windows. The frequency spectrum of the signal is
determined within each time window, By this, one can identify different phases, their
frequency contents and the relative intensity of the phases. Events of a given type, from a
particular region, as recorded by a given station, have their signature pattern, which is
quite distinct in Sonograms. A master library of Sonogram of events from a particular
region (as recorded by a given station) will help to identify new events from that region. A
database of color Sonograms of events are prepared on SPARC20 computer system.
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Analysis Of Events From China

Hema Ramachandran and R.N.Bharthur

Underground nuclear explosions and earthquakes from china show an interesting
feature which could be used as an additional discriminant. It is observed that all nuclear
explosions from LopNor as recorded by GBA have a strong phase coming 18 seconds
after initial P arrival. This has the same apparent phase velocity as that of P and are absent
in earthquakes from the same region. It is concluded after analyzing number of events, that
this is the effect of propagation path as the seismic waves from LopNor due to
underground explosions have to travel across a very heterogeneous region of Altyn Tagh
fault and the Himalayas. We believe that this phase is a refraction or a possible conversion
of the waves originating at source. The second phase is not seen in earthquakes as they
have their origin in fault. Few events recorded at Australia, Canada, UK (both explosions
and earthquakes from China) are analyzed to conclude that this is a path effect and not a
source characteristic.

An Advanced System For Handling Seismic Data At Gauribidanur

R.N.Bharthur, Vijai Kumar, Hema Ramachandran, V.S.Kamath, A.G.Kulkarni,
D.S.Rao, A.G.V.Prasad, Manoj Kumar and E.Unni Krishnan

A Sun SPARC20 workstation with large capacity internal disc, CD ROM, 5GB
exabyte tape drive and a laser printer were installed for acquiring and processing the data
of Gauribidanur seismic array. A Very Small Aperture Terminal (VSAT) alongwith a
router has also been installed and interfaced with the workstation for seismic data
exchange with Trombay. A few personal computers (PCs) are also connected to the
workstation through ethernet.

A number of softwares were developed for real time data acquisition, monitoring the
quality of data, health of the system, event detection, creating standard ASCII files and for
plotting the seismic signals.

Operational Status of Gauribidanur Seismic Array

R.N.Bharthur, E.Unni Krishnan, Manoj Kumar, A.G.V.Prasad, Hema
Ramachandran and Nagaraja

All the events recorded at GBA are analyzed and data base updated. Daily and
Monthly Bulletins are prepared from the database for circulation. During the period
October 1993 - Marc 1996, five underground nuclear explosions from China and six from
France were recorded. Digital data acquisition system and computers operated round the

40



clock with zero downtime. All seismic events are stored as library in exabyte tapes. The
raw plots of these events can be obtained and further processing can be done as desired.

PC Based Digital Data Acquisition And Analysis System

RN.Bharthur, V.S.Kamath, E.Unni Krishnan and Hema Ramachandran

The manual analysis of the long period data at Gauribidanur and short period data at
DSU are replaced by a PC based digital data acquisition and analysis system. The
hardware was procured based on our design and system configured and necessary
software prepared for the same. The system samples and digitizes signals from a maximum
of 16 input channels, at a sampling rate of up to 200 samples per second per channel. The
multiplexed data is stored in blocks of user defined size, alongwith the real time.
Main features of the software are as follows:

a. A menu is displayed on the screen which enables the user to choose various
parameters such as channels for digitization, sampling rate, scale for display etc.

b. Digital values of the signal are displayed.
c. Signal can be graphically displayed on monitor/plotter both online as well as

offline.
d. Storing of the digital data in required file or tape.
e. Retrieval of required portion of data.
f. Filtering of data, determination of amplitude and period of signals.

Electronics For Digital Data Acquisition System For Long Period &
Broad Band Instruments

V.S.Kamath

Seismic Array Station had only analog data storage of Broad Band three component
short period system, and long period seismic system. The analog recording system was
installed 25 years back. Since the system has been working round the clock for over 25
years, the electronics have became very old and outmoded. Therefore it needed frequent
maintenance. In addition to this, the 1" width magnetic tape used for recording has
become obsolete and not available easily. In order to save the maintenance cost on this
system and to reduce the down time of the recording, it was proposed to replace the
whole system with latest art of technology. Hence for acquiring and archiving these
seismic data in digital form a digital data acquisition system was configured and
procured. The block diagram of the system is shown in Figure 14.1. Seismic signal
from the field being in frequency modulated form, a multichannel modulator unit was
made to demodulate the signal before feeding it to A/D converter of the computer.
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Long Period Seismic system at Delhi Seismic Unit

V.S.Kamath, A.G.Kulkarni and D.S.Rao

The Delhi Seismic Unit had been supplemented with three short period
seismometers. Long period seismic data in the period range 10-40 seconds is valuable in
estimating the surface wave magnitude Ms of seismic source. Since Ms/Mb ( where Mb
is body wave magnitude) ratio is considered useful for discriminating underground
nuclear explosions from earthquake sources, it was proposed to augment the Delhi
Seismic unit by installing a Long period seismic system. The data from the field is level
converted and has been connected to digital data acquisition system there. With the
inclusion of Long period seismic system the discrimination capability of Delhi Seismic
Unit has increased considerably.

Establishment Of Seismic Network In Karnataka

V.S.Kamath, M.K.Bhat, A.G.Kulkarni, D.S.Rao, A.G.V.Prasad and Manoj Kumar

Immediately after the disastrous Latur earthquake, a temporary three station network
was established in northern Karnataka to monitor the aftershocks in the local region
around Latur. This set-up was operated for about 8 months.Most of the aftershocks
recorded are from a distance of around 100 Kilometer off Gulbarga. With limited data
from this setup, estimated epicentre falls to around 15 Kilometer North-West of
Umergao.

Development And Installation Of UHF Wireless Telemetry At
Gauribidanur Array

M.K.BhaC, V.N.Nadre and A.G.Kulkarni

About 120 km route length of cable used for nearly three decades now for signal
telemetry at Seismic Array Station, Gauribidanur, have steadily degraded posing problems
for its maintenance and also causing deterioration in the quality of seismic data. Therefore,
an efficient signal telemetry system employing line-of-sight UHF wireless communication
was developed to replace the cable telemetry in a phased manner. Nearly half the number
of array channels have so far been upgraded by this method. These channels are giving
satisfactory performance.
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Delhi Seismic Unit

T.V.Sridharan, P.C.Mitra, M.M.Kaui, D.Tewani, Mahendra Singh and Dipasri Roy

Delhi Seismic Unit with three seismic sensors linked by wireless telemetry is being
operated round the clock to monitor earthquakes and underground nuclear explosions
worldwide. The signals from short period vertical seismometers at CLP, BHT and KSN,
with arm lengths of the triangular array having distances of 22.3 km, 29.6 km and 40.2 km
respectively, are fed to UHF telemetry links through suitable electronic interfaces. The
signals received at Central Recording Lab. at R.K.Puram are recorded on analog paper
chart recorder as well as on digital data acquisition system. The recorded data is analysed
to pick up the basic parameters and various phases seen in the records are noted down. A
seismic bulletin is prepared for dissemination to various other organisations.

During the period October 1993 - march 1996, five underground nuclear explosions
conducted by China at Lop Nor site and six explosions by France in the South Pacifc
were detected.
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