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FOREUORD

Nuclear Physics Division is involved in research in nuclear
and solid state physics. It has also been a tradition in the
Division to develop equipment required for Che experiments. In
recent years attention has also been paid to the development of
accelerator technology in a selective fashion.

The year 1987 has been a fairly eventful one for the
Division in the sense that several activities came to a high
level of fruition. A beam of 5* silicon ions accelerated to
about 14 WeV in the BARC-TIFR Pelletron accelerator was obtained
for the first tine in September. Thus we are on the threshold of
a major facility becoming available for experiments. Experiments
on the cyclotron at Calcutta and the CN Van-de-Graaff accelerator
at Trombay have continued. The latter continued to be heavily
utilised for nuclear, chemical, materials and other applications
in its tventyaixth year of operation. The small 2 HeV tandem
Van-de-Graaff built in-house has now found a new home in the
annexe ot the old Van-de-Graaff Laboratory. With larger
experimental space available it is hoped that more experiments
can now be taken up.

For the neutron scattering programme at Dhruva Reactor two
new diffractometers were commissioned, one of a conventional type
and another based on a metre long position sensitive detector
(PSD). This is the first tine that a PSD (fliade-in-house) has
been used by us and hence is of special significance to the
future neutron scattering programme. A neutron interferrometer
was successfully operated at the CIRUS reactor.

A modular CU argon laser giving a total power of about 2.7
watts has been incorporated with the Raman Scattering
Spectrometer thus increasing the range of perf oroiabl e
experiments. The modularity allows quick replacement of parts.
This is the first tine a CU argon ion laser has been made in the
country. The laser has performed satisfactorily for an year now.

Collaborative work with laboratories in U.K. and U.S.A. have
progressed at even pace.

A number of interesting investigations were carried out by
the members of the Division; among others they include
observations of quasi-molecular heavy Ion resonances in S i " ,
anomalous behaviour of deep sub-barrier fission in uranium,
crystalline to amorphous to crystalline transition in
tetracyanoehylene, exceptional stability of the quasi-crystal
Al*CuHg« and the development of a phenomenological model to
describe magnetisation curves in the new high-T. Superconductors.
These and many other investigations are reported here.

The editors have worked hard to bring out this report early
and my thanks are due to them.

(B.A. Dasannacharya)

CD
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2 'Mg('He,"C)16O
EK=27. 8 MeV

[p,,(cose)J2

Hauser - Feshbach
calculation

N1. INTERMEDIATE STRUCTURE RESONANCES IN ->«C+i*O SYSTEM
THROUGH ALPHA INDUCED REACTION ON **Mg (M.A. Eswaran,
Suresh Kumar, E.T. Mirgule and N.L. Ragoowansi)

We reported earlier'1* that nonstatisti cal intermediate
structures have been found in our measurements in the ex-
citation function of the reaction •*Mg('*He, 1SC) ~""D in the
energy range E« = 26 to 37 MeV. Particularly, the cross
channel correlation between the 1*C channel and the inelas-
tic alpha scattering channel have shown that at En = 27.8
and 28.6 MeV there are definite evidences of presence of in-
termediate structure resonances in this reaction.

In the present work we report the angular distribution
measurements in this reaction e*Mg (*He, -ia!C ) -»*D at Ea = 27.8
and 28.6 MeV with the alpha beam from the Variable Energy
Cyclotron of Calcutta. Four surface barrier detectors of
thickness 47, 32, 15 and
12 microns respectively
were mounted 10° apart
at a distance of 21.2 cm
from the target with an
aperture of 4mm x 7mm.
For detection of the
scattered alphas a
detector was mounted at
156° and this also
served as a monitor in
the angular distribution
measurements. These
measurements were taken
every 2.5° to cover the
range of Qc.m. = 40° to
100°.

The angular dis-
tribution data recorded
at Eo, = 27.8 MeV are
shown in Fig.1. The 0.05
solid line shows the
least squares fit to the
data of the function 0.02
CPi-i (cos6)Da and the
dashed line, the ex- nni | i | i i i i
pected compound nuclear
contribution, calculated
from the Hauser-Feshbach
statistical model*'. It
is obvious from Fig. 1
that the absolute cross Fig. 1
sections are much larger
than those expected from the Hauser-Feshbach calculations
and the strongly oscillating angular distribution shows a
good fit to the r.P-,1 (cos©)!]" function as expected for a
resonance of J=11. Hence the intermediate structure
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resonance at E« = 27.8 MeV corresponding to an excitation
energy of E,, = 33.6 MeV in *"Si , can be assigned J" = 11-.
"he angular distribution data were recorded also at £„ =
28.6 MeV. The measurements were consistent with J" = 11- as-
signment for this resonance also. However there are inter-
ferences in this case from adjacent unresolved structures.

References

1. M.A. Eswaran, Suresh Kumar, N.L. Ragoowansi and E.T.
Mirgule, Nucl. Phys. (India) 29B, 57 (1986),
and Annual Report, NPD (BARC-1378), 1 (1986).

2. R.G. Stokstad, "Treatise on Heavy Ion Science", Vol.3,
ed. D.A. Bromley (Plenum, 1985) p.83.

N2. STRUCTURES IN THE EXCITATION FUNCTION OF ALPHA SCATTE-
RING FROM "Si AT BACK ANGLES AND THEIR CORRESPONDENCE
WITH HEAVY ION RESONANCES (M.A. Eswaran, E.T. Mirgule,
Suresh Kumar and N.L. Ragoowansi)

In the study of quasi-molecular resonances in the 4n
type nuclei there sre definite evidences of correlations be-
tween heavy ion channel and alpha scattering channels . "• •E>

Particularly, in the backward angle excitation functions of
alpha scattering from **Mg, correlation of anomalies with
the heavy ion resonances in the system 1AO+1EC have been
well established. •*'"» In the case of the system •»*O+'I*O,
resonances and statistical fluctuations have been studied in
the reaction i*O('l*O,0( )"*Si in the excitation energy range
of 28.5 to 36.5 MeV in 3atS, by Gay et.al..3' However,
recently there are also calculations reported indicating
that the fluctuations in this reaction 1*O( 1**O, a )emSi can
exhibit general characteristics of measured cross sections
including the features attributed to resonances.4'

With a view to obtaining evidences for establishing
such resonances we measured excitation functions of elastic
and inelastic alpha scattering on a-Si at backward angles of
6,_ = 100°, 120°, 140° and 156.5° in the energy range E.» =
25.5 to 31.0 MeV, with oc-beams from the Variable Energy
Cyclotron at Calcutta. Four surface barrier detectors were
used for detecting the scattered alpha particles. The ex-
citation functions were taken generally in steps of 150 keV.

An example of the excitation function is shown in
Fig.1, for the elastic scattering ••Si(oc,«)*eSi covering the
excitation energy range of 29.3 to 34.1 MeV in 3 K S . The
striking feature is the strong anomalies at Ea = 26.1 and
28.4 MeV. The first one also shows cross correlation with
the inelastic scattering channel exciting the 6* state in
" S i .

From the excitation energies of the compound nucleus,
the above two intermediate width structures can be conjec-
tured to have correspondence with heavy ion resonances, the
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EXCITATION FUNCTIONS AT DIFFERENT ANGLES
EXCITATION ENERGY IN COMPOUND NUCLEUS3 S ( MeVl
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first one with BONe + -IEC (Ecrn=10.76 MeV)
s > and the second one

with •>*o+-»*a (Ecm = 15.2 MeV). s >
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N3. LIGHT PARTICLE EMISSION IN *°»Bi+-»He AT 50 Mev1 <A.
Chatterjee, S.K. Gupta, S. Kailas and S.S. Kerekatte)

At projectile energies greater than ~10 MeV/A, particle
emission prior to equilibration becomes important. We have
measured the inclusive cross sections for the emission of p,
d, t and a particles at 5 angles in the range 68°-118°,
from the *o<*Bi+« reaction at 50 MeV. Experiments were done
with alpha beams from VECC. A 3-element telescope with solid
state detectors (100JJ, 2mm, 4mm) was used for particle
detection. The a-spectra were presented earlier1' and ana-
lysed in terms of the moving source model. The other charged
particle spectra are also well represented by the model in-
dicating that the randomisation occurs in the rest frames
different from that of the compound nucleus. The solid
lines in the figure arz fits using the expression:

tr(E,B) = N«, /(E-ZEc) expC-(E-ZEc+E1-2 J"(Ei (E-ZEC ) ) cosG) /T3

where ZEC = Coulomb energy (Z= ejectile charge), Ei=mva/2
(m=ejectile mass, v=source velocity), T=source temperature,
No = normalization constant. The fitted values of the
parameters are,

NoCmb/(sr.MeV
3''B)3 v/c

p
d
t
oc

0.47+.
0.12+.
0.059+
0.30+.

OS
01
.005
02

0.036+.003
0.066+.005
0.054+.003
0.060+.001

T(MeV)

3.8+.1
6.5±.4
6.31.2
5.0+.1

12.1±.1
10.01.2
10.3+.1
11.7+.1

The extracted parameters show characteristics similar to
those seen in heavy-ion induced reactions"*- particularly
for the temperature T, which is smaller for p and oc emis-
sion than for d and t emission.
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N4. RESONANCE SPECTROSCOPY OF »*Ar USING ALPKA ELASTIC
SCATTERING (A. Chatterjee, S.K. Gupta, S. Kailas, S.S.
Kerekatte and T.X. Quang*)

A number of strong
resonances have been seen in
the excitation energy region
around EH~10.6 MeV in the
nucleus 3*Ar using the
3"S(a,T) reaction1' and the
(p,T), (p,oc) and (p,p) reac-
tions on 3 SCl a >. The aim of
the present measurement was
to see how far the
resonances in this EM region
are excited in the 3"S(a,ao)
reaction.

The experiment was
carried out at the 5.5 MV
Van de Graaff at Trombay.
Targets of SbaS3 were
evaporated on carbon
backings. The total thick-
ness was ~2 keV at Ea = 4.5
MeV. The scattered alpha
particles were detected
using surface barrier detec-
tors (resolution ""40 keV) at
the laboratory angles 83°,
119°, 136° and 165°. (The
first three angles cor-
respond to the zeroes of the
Legendre polynomials with
1=1,2,3 respectively). The
normalisation factors con-
verting the yields to cross
sections for amSr were ob-
tained using the yields from
Sb scattering and assuming
the latter to be purely
Rutherford. The measured
data from 4.48 to 4.54 MeV
in 2 keV steps are shown in
the figure.
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An R-matrix analysis has been made with the following
parameters!

Eoc

4.
4.

CMeV)

505
530

E»

10.
10.

(MeV)

646
668

J"

1-
4-

r\,(kevi)

0.7
0.2

rP
1
1

(kev)

.3

.8

The calculation reproduces the trend of the data and
the J" assignments are definite; the P values are tentative.
The first resonance correlates well in energy position and
J™ with a resonance in the (<x,T) work."1' The second
resonance does not appear in the (oc,T) data. Both the
resonances correlate in energy position and J" with
resonances seen in the (p,«o> data."

•IAEA Fellow
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N5. MEASUREMENT AND STATISTICAL MODEL ANALYSIS OF PRE-
FISSION NEUTRON MULTIPLICITIES (J.O. Newton-, J. R.
Leigh-, G.S. Foote*, D.J. Kinde—*, R.J. Charity—*,
J.J.M. Bokhorst-, A. Chatterjee and S.Ogaza**)

The average number (Vpr.) of neutrons preceding fiss-
ion was measured for the compound systems 1**Yb, 'l7mkl,
->«Pt, ->»*Pb, """Pb, * o oPb, «'10Po, *13At ano r s iEs formed in
the reactions induced by 1 * 0 , 1 iO, ""F, *»Si and 3OSi
projectiles with energies (E) between 4.9 and 7.2 MeV/A. In
same cases vpi.v is seen to increase with increasing E above
a threshold energy (Eth) whereas the statistical model indi-
cates that it should decrease. For a given projectile, this
threshold decreases with increasing fissility, becoming
equal to the Coulomb barrier around A C N ^ I S for 1*0
projectiles. Below Eth the variation of <tprm with E is con-
sistent with statistical model predictions. The deviations
above E t h have been attributed to dissipative effects not
included in the model. Extensive statistical model and x"
analyses of the pre-fission data below Et,* and of fission
and fusion excitation function data, previously
measured1'"1, were made. The diffuseness parameters <<SL) of
the fusion spin-distributions, parametrized by Fermi
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distributions, agreed reasonably well with those (£L CBB)
suggested by the zero-point motion model3'. The ratios of
level densities at saddle and equilibrium deformations
(ar/a*> were found to be consistent with a value of unity,
and the fission barriers (Er) consistent with the predict-
ions of the finite-range rotating liquid-drop model EriFR)"'
(see Fig.1). However these values for af/a< and E<- may not

SL
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Fig. 1 Parameters a,/aa. k> and 6L/6LKmm derived
from statistical model calculations, plotted
against fissility X.



represent the true values. Inclusion of dissipation
requires higher values, while the inclusion of the tempera-
ture dependence of E* in statistical model calculations
results in a reduction in the value of ar/av. Since reli-
able theoretical calculations are unavailable for either
effect, it is neither possible to prove that the finite-
range fission barriers are correct, nor to give accurate
values for

" Australian National University, Canberra
—Hahn- Meitner Inst., Berlin
••"Lawrence Berkeley Lab., Berkeley
* Nucletron, The Netherlands

of Nuclear Physics, Krakow
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N6. MEASUREMENTS OF FRAGMENT CHARGE DISTRIBUTIONS IN ***Cf
FISSION (M.N. Rao~r D.C. Biswas and R.K. Choudhury)

In order to obtain information on fission fragment
charges from measurements with a AE-E detector telescope,
it is necessary to know the response of the detector to dif-
ferent fragment charges. An experiment to obtain the
response function was carried out by recording AE-E signals
in coincidence with an X-ray detector using a e s =Cf source.
The detector telescope consists of a AE gas ionisation
chamber (10 cm length) and a residual energy (En) surface
barrier detector. The chamber was filled with P-10 gas at
110 torr and to maintain good purity, the gas was flushed
out every 8 hours. For'X—ray detection, a large area (400
mm") HPGe detector was used. The pulses from the AE, ER, X—
ray detectors and TAC pulse between E« and X-ray detector
were recorded event by event. The individual detector
spectra are shown in the figure. Further analysis is in
progress.

•Institute of Physics, Bhubaneswar
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COLD SCISSION CONFIGURATION IN
and R.K. Choudhury)

kU FISSION (M.N. Rao*

In the fission of heavy nuclei, a large amount of
energy is released in the form of kinetic and excitation
energy of the fragments. The division of energy in these
two forms contains information on the dynamics of the fis-
sion process. The study of rare fission events like cold
compact fission, cold deformed fission and low energy sym-
metric fission are the subject of recent investigations. 1• a >

Odd-even effects on the fragment yields have been explained
due to pairing correlations and for cold fragments, these
effects are expected to be quite dominant. The aim of the
present investigation is to study the cold scission con-
figurations from mass, charge and energy correlations of the
fission fragments.

The experiment was done with the neutron beam from the
CIRUS reactor. The set up consisted of a back-to-back
gridded ionisation chamber in which a thin *3=>U target was
mounted on the common cathode. The grid—cathode and grid-
collector distances are 2.1 and 0.7 cm respectively. "he
chamber is filled with P-10 gas at a pressure of 1.5 atm.
The pulse heights from the two collectors, grids and the
time differences between grid and collector pulses were re-
corded event-by-event on a magnetic tape. The analysis pro-
cedure to obtain mass, energy and angle information were
reported earlier." The study of the high and low kinetic
energy events requires a good energy resolution in the
measurements. This is achieved by collimating the fragments
in a cone perpendicular to the target foil. The fragment
charge was determined from the time difference between the
grid and collector pulses when the fragments are collimated
parallel to the electric field. Preliminary results of the
measurements have been reported.*'

"Institute of Physics, Bhubaneswar
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NS. MEASUREMENT OF SPECIFIC ENERGY LOSSES FOR FISSION FRAG-
MENTS BY USING GAS AE-E DETECTOR TELESCOPES (D. C.
Biswas, M.N. Rao* and R.K. Choudhury)

Heavy ion reaction products moving at sufficiently
large velocities in a medium are fully stripped. The main
contribution to the stopping is due to inelastic electronic
collisions and the specific energy loss can be measured by
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the Bethe equation.'1' For partially stripped heavy ions,
the energy loss mechanism becomes complicated due to the de-
pendence of the effective ionic charge on the heavy ion
velocity. The specific energy loss of heavy ions in dif-
ferent media covering a range of atomic numbers and
velocities have been measured and compared with various
models.•» Significant discrepancies between experiment and
theory demands farther studies in this direction. Nuclear
fission provides a convenient source of heavy ions covering
a wide range a-C charge, mass and velocities (typically, 0.4
to 1.3 MeV/nucleon).

We have developed a gas 4E-E detector telescope for
particle identification in heavy ion experiments using heavy
ion beams from the BARC-TIFR pelletron accelerator. The
telescope has been used for measuring the specific energy
loss of fission fragments from a "s*Cf source. The detector
chamber was filled with P-10 gas at different constant pres-
sures (10 torr to 110 torr in steps of 10 torr). The energy
loss AE in the gas is calculated by measuring the residual
energy in the solid state E-detector and taking the dif-
ference from the total energy measured in vacuum. The two
parameter data (AE in coincidence.with residual energy E)
were collected in a magnetic tape by using PDP 11/34 com-
puter based data acquisition system. The results of these
measurements are being compared with different theoretical
expressions to examine their suitability to explain the
energy loss data at this low energy region.

•Institute of Physics, Bhubaneswar
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N9. FURTHER INVESTIGATIONS OF LIGHT PARTICLE INDUCED
FISSION OF URANIUM AT EXTREME SUB-BARRIER ENERGIES
(N.N. Ajitanand, K.N. Iyengar, D.M. Nadkarni, R.P.
Anand, S.R.S. Murthy and A.K. Mohanty)

Following investigations already published1', we have
repeated measurements on the low energy proton and alpha in-
duced fission of uranium gold backed targets instead of the
aluminium backed targets used previously. This was done
after establishing that the gold backings gave much lower
backgrounds than the aluminium backings in separate
experiments. In addition the aluminium backing is un-
suitable above Eoc = 3 Mev" because of the open (<x,n> channel
in the bulk material. Measurements were also carried out
for different distances between the projectile and back-
ground targets since the background target can give a more
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accurate estimate of the background at the projectile target
if the two targets are closer to each other. Data from
these experiments have established that:
a) The gold backed targets are vastly superior in terms of
background contribution for both protons and alpha
projectiles.
b) The separation between targets sf1 uld not be reduced
below a certain limit since in that case the heat removal
from the beam spot is reduced so much that the lexan re-
corder gets heated and fission tracks get annealed. The best
arrangement is one in which two ten mil backed targets are
put back to back.

Experiments are now planned with this improved arrange-
ment for a range of projectile energies to be delivered by
the BARC-TIFR Pelletron accelerator.

It is also planned to carry out these experiments using
electronic detectors. With this aim, an annular gas
avalanche detector has been fabricated which will take the
place of the lexan track recorder. The main problem to be
overcome will be the pile-up interference from the large
flux of elastically scattered projectiles falling on the
detector. However, if successful, this method will enable a
much more rapid collection of data than the passive track
recorder technique.

References:

1) N.N. Ajitanand et.al., Phys. Rev. Lett. 58, 1520 (1987).

N10. COMPUTER PROGRAM 8AFEST FOR COMPUTATION OF HAUSER-
FESHBACH STATISTICAL MODEL CONTRIBUTION OF AVERAGE
COMPOUND NUCLEUS CROSS SECTIONS (Suresh Kumar and
M. A. Eswaran)

A program HAFEST was written for the calculation of
Hauser-Feshbach statistical model1' contribution of average
compound nucleus cross sections. Particularly in the case
of reactions where the channel spin is zero both in the in-
cident and exit channel, the differential cross section can
be written as

ww

with the usual notations. The transmission coefficients are
denoted by Tx's, 1 being the orbital angular momentum. In
this program the Ti's are provided as inputs at various
energies. Ti's were calculated by a separate optical model
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program. In the present program HAFEST the Ti's at all the
required channels and energies are interpolated from the
given input file. The channels leading to discreet final
states as well as those leading to the continuum are taken
into account by incorporating the level density
calculat ions.

This program has been used in the calculations of the
average compound nuclear contributions in the case of the
reaction K*Mg <*He, 1BC > '1*O in our analysis of excitation
functions and angular distribution data obtained in the
energy range Eo. = H6 to 37.0 MeV with the alpha beam from
VECC.
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N11. A MONTE CARLO APPROACH TO FINDING THE GLOBAL SOLUTION
OF MODEL PARAMETERS IN LEAST'SQUARE FITS TO DATA (N.N.
Aj itanand)

Finding the best fits to data by varying the parameters
of a function is a common problem in many areas of research.
When the number of parameters is large, the globally best
fit values may be found only by an exhaustive search of the
relevant phase space which can be very time consuming. The
commonly encountered problem in standard search routines is
that the program converges on a local minimum and user in-
tervention is required to look for a better solution.

In the present work an algorithm has been written to
find the global minimum without user intervention. The
program incorporates a judicious mixture of guided and ran-
dom searches together with a "random shake" of parameters
(within internally set ranges) at appropriate stages to look
for better solutions. The program has been tested for poly-
nomials as well as functions involving exponentials. A set
of data is first generated with a chosen set of values for
the parameters. This data is then given to the program
together with a starting set of parameters which are far
removed from the set used to generate the data. In every
case the program successfully converged on the true set
within a surprisingly short time even when the number of
parameters were as large as seven. It is planned to test
this program against other routines in standard test situa-
tions in order to assess its usefulness.

N1E. MODULARISATION OF THE EVAPORATION CODE GANES (N.N.
Ajitanand)

The computer code GANES"1' has found wide use in analys-
ing particle emission data accompanying heavy ion
reactions.•» This code in its original form considered first
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step evaporation only but has subsequently been modified to
include second step evaporation and has been applied to
analyse particle-particle coincidence data.3' In order to
make it a full-fledged kinematics cum statistical code which
will calculate the angular distribution of different par-
ticles arising in multi-step evaporation, it has been found
necessary to simplify the structure of the code into a
modu.Var form in which each module is self—suf f i cient and in-
dependent of other modules. With such a structure the user
will have the ability to improve or change a module accord-
ing to his own .I'escr i pt ion. Thus for example the transmis-
sion coefficients can be obtained by using the WKB approach
or a more rigorous approach by suitably altering the equa-
tions of the relevant module. Similarly the level density
expression can be modified to include deformation effects
according to the dictates of a chosen model. With this aim
GANES has been restructured into a number of independent
modules and the modules have been put together to treat
first step evaporation to start with. The next step will be
to treat multi-step evaporation the results of which will be
compared with the results of other presently available
codes. Since GANES is specially fitted out to take into ac-
count the kinematics in a rigorous way, in its final form it
is expected to give not only the relative intensities but
also the angular distributions of different particles ob-
tained in multi-step evaporation.
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N13. CONTINUUM BACKGROUND IN THE GIANT RESONANCE REGION OF
EXCITATION (A. Saxena, S. Kailas, P.P. Singh-, Q.
Chen", P. Schwandt", E.J. Stephenson* and P.
Schwandt*)

In any analysis dealing with the extraction of
strengths of the giant resonances (GR), one of the factors
which leads to considerable uncertainty on the above
strengths is our insufficient knowledge about the shape and
the magnitude of the background continuum lying under the
GR. As we still do not have a quantitative understanding of
the continuum, phenomenologically the background is obtained
by joining smoothly the data points from the structure free
excitation region at E» ~ 25-30 MeV and that at E« ~ 7-10
MeV, depending on the target nucleus. In view of the con-
siderable success achieved by the 'moving source model' in
explaining the particle spectra in heavy-ion1' and alpha in-
duced reactions" we have tried this formalism to explain
the inelastic background continuum spectra measured using
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the 270 MeV helions from IUCF, interacting with " N i , »°Zr,
1'1*Sn and «°»Pb targets. According to this model

.'It-
C E.

Sin 0
exp (-E./T)

where

E,= E-Vc + E© - 2 (EO(E - Vc))-"
8 Cos8

E is the scattered 3He energy, 8 is the scattering angle and
Vc is the Coulomb energy. C, the normalization constant, E o

and T, respectively, the moving source energy and tempera-
ture are varied to fit the data. The overall quality of the
fit to the data for 9 " 12-20° and E * 260-240 MeV is
satisfactory. The parameters are listed in Table I. It is
interesting to find that the T and E o parameters are nearly
the same for the four cases studied.

C (mb/sr

Table I

.(MeV) T(MeV)

" N i
*°Zr
•"•Sn
ottPb

0.973
0.754
0.919
1.214

+ .053
+ .039
+ .040
+ .104

207 +
215 +
221 +
226 +

7
8
8
17

7 . 9
8 . 3
8 . 5
7 . 6

+
+
+
+

0 . 1
0 . 2
0 . 3
0 . 4

-IUCF, Indiana, U.S.A.
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N14. DEPENDENCE OF EXCITATION ENERGY AND ENTROPY ON THE
FINITE SIZE OF NUCLEI AT HIGH TEMPERATURES (Kiran Kumar
and V.S. Ramamurthy)

Hot nuclei are produced as compound systems in ener-
getic heavy ion collisions. The thermodynamic properties of
such systems with limited spatial extension have been
studied. We carry out a constrained calculation where the
system is constrained to have a certain density profile.
The thermodynamic properties of the hot nuclear fireball are
calculated using the expressions for the kinetic energy and
entropy-density Tff^and <r<$) as a functional of particle
density and its derivatives (given by Brack et al) in the
temperature dependent Extended Thomas Fermi CTETF) model "• >
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for 3. particular temperature T, given as:

TETf

O)

where

The coefficients

is an explicit function of J and T.

and
(2m/ * «)=•"=.
are universal functions
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expressed in terms of Fermi integrals JP<n>. With a density
distribution of the Fermi function type

. (3)

the kinetic energy £ and entropy S are calculated by in-

5 C -

UJ

£ AO

O

X3
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C
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A = 100 •

A = 500

iO 60 80 100

T(MeV)-*
Fig. 2

tegrating eqns (I) and (2). The density distribution (3),
however does not represent the stable configuration of the
system, instead this should be taken as an instant'snapshot
of the compound system in its time development.

Fig.l shows the dependence of entropy per particle S,
on the excitation energy per particle E- for various par-
ticle numbers A. S is found to increase faster as a func-
tion of E- for smaller Fermion system. Fig.2 shows the de-
pendence of the percent deviation :< of excitation energy E"
from the infinite matter value on the intrinsic temperature
T of the system.

It is observed that there are substantial finite sise coi—
rection for small nuclear fireballs even at high tempera-
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tures as shown in Fig.2. So one should include these cor
rections in studying the cooling and de-ay of hot nuclei
produced in energetic heavy ion collisions. The finite size
corrections to thermodynamic properties decrease as the tem-
perature of the fireball increases. However, smaller the
nuclear fireball larger as the associated finite size
correct ions.
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N15. ACCURATE RELATIONS FOR NUCLEAR MASSES O.K. Charagi-
and S.K. Gupta)

In the past several mass relations have been developed
- notably among them are those of Garvey-Kel son"1» and
Satpathy-Nayak.s' Nuclear masses have two specific features:
firstly, they have a global character well described fay
liquid-drop-like mass formulae and the local variations oc-
curring due to shell and pairing effects. In certain mass
relationships the local effects can be eliminated by using
neighbouring nuclei and only the global liquid-drop-like
variations may survive. Satpathy-Nayaka" mass relation is
an example of this type. Here we find two more mass rela-
tions having the same feature. These are given as

Bc«»CN+1,Z) = PIM(N,Z)+2B.K(N,Z)-B. K(N-1,Z) (1)
and

Be.a(N,Z+-n = PJ,(N,Z)+2B«K(N<2)-B.K(N,Z-1) (2)

where B.* are binding energies and N and 2 are corresponding
neutron and proton numbers.

The quantity P is calculated as

P N < N , Z ) = Bl_i«)(N--1,Z)-2Bi_*a<N,Z)+BL.i<,(N+1f Z> <3)

using the liquid drop expressions.

In this work the expressions of Mollei—Nix"' based on
Vukawa-plus-exponential macroscopic model for the spherical
liquid drop has been used.

In Table I we have listed the rms deviation of only
liquid drop and liquid drop plus shell corrections of
Mollei—Nix.a> With our formulae, the ruis deviation is
reduced as compared to that of macroscopic-microscopic



- 20 -

O-

8

1**

(a) MOUER-NIX MACROSCOPIC-MICROSCOPIC

•"•?•£*/ -,•

Ib) ISOTOPIC

9 o

o
"x O

(5 15 ' 30 " «"5 60 ' 75 - 90 ' 105 ' 120 ' 135 " ISO
Neutron Number N —»

(c) IS0T0N1C
I

. : : • • : V! : ; ; ' ! •! • !T | ! ! j'i i ! i »!i;l 11 ! : i " ! ! " • • "!'!'

0 10 • 20 ' 3'0 ' ^0 ' 50 ' 60 ' 70 " 80 ' 90 ' 100
Atomic Number Z — -

Fig. 1

Moller-Nix formula. Typical masses calculated for some
nuclei have been tabulated and compared with other calcula-
tions in tab'.e II. In Fig. 1 the deviation of experimental
masses from trie Moller-Nix macroscopic-microscopic, isotopic
and isotonir. formulae sre shown.

Table I

Formula used No of Cases Range of
Mass No

RMS
Deviation (Kev)

Isotopi c
Isotoni c
Liquid drop Nix
Nix

1 170
947

•1170
•1182

2-1-252
21-252
21-252
16-259

560
600

3250
837
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Table II

Binding Energy Differences in MeV

Cal-Expt.
Isotopic

Cal-Expt
Isotonic

Ref.1 Ref.4 Ref.5 Ref.3

3OMg
7*Ga
oiGe
»7Sr
-iooZr

i«iCd
i«Cs
-•^Sni
H Z 9Ra
aaofn

-1.05
0. 17
0.07
0.84
0.30

-0.63
-o.oa
0.42

-0.05
0.43

+0.52
0. 17
0.14
-0.40
-0.33
-0.61

—
-

-0.36
-

3.57
0.15
0.65
1.27
0.86

-0.09
-0.18
0.18

-0.01
-0.34

0.11
1.36
2.62
1.76
1.67
1.73

-0.57
-0.57
0.13
0.31

0.64
-0.36
0.09
0.05

-0.01
-0. 12
-0.01
-0.05
0.04
0.24

1.02
-0.99
-0.44
0.23
0. 19
0.22

-0. 19
-0.02
-0.23
-0.76

•"Reactor Analysis and Systems Division
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N16. STRUCTURE FUNCTIONS IN RELATIVISTIC HARMONIC OSCILLATOR
MODEL (S.K. Gupta, A. Chatterjee and S.C.Phatak-)

The structure ^unction of the nucleon can be calculated
using the quark-based model of hadrons in order to connect
the low momentum transfer domain to the high momentum one.
In the present work we have calculated the nucleon structure
functions in the relativistic scalar-plus—vector harmonic
potential model.""

Using the coordinate space quark density for the har-
monic potential, the Fourier transform, ? (̂ ) has been
obtained. The nucleon structure function is related to
5?
F«(x)= 2xfd3p o(x-p"-/P-)f(p)

with Q(P,)= Jdp,,dpx?(p>, P~=P°+p« = Mo, p-=p°+p», where :<
is the Bjorfcen variable, Mn = nucleon mass, P* and p* are
the light-front momenta of the nucleon and the quark
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. n a t h.
. t r u e r , fun....- « r »...rln. .

» .

lowed the evolution
to higher Q a using
the Alterelli-Parisi
equation3' (first
o r d e r perturbative
QCD) upto a point
where about 347. of
the momentum frac-
tion is carried by
the valence quarks,
resulting in the
curve marked S-.H.9.
Here s is related to
the QCD scale para-
meter A as

s-lnCln Jf/m #" 3.

The neutrino scat-
tering data*' for Q«
~S GeVe are shown as
points and the
dashed curve is a
parametrizations> of
the data for G«=10-
30 GeVe.

Our calculation
results in a struc-
ture function which
is narrower than the
experimental one.

o $

alternative at present.

-Institute of Physics, Bhubaneswar
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N17. THE <N,NTT> REACTION (B.K. Jain, J.T. Londergan- and
G.E. Walker-*)

The features of the (N,NTT) reaction are examined at in-
termediate energies, i.e. for 300-800 MeV incident nucleon
energies, when the continuum nucleon and pion are observed
in coincidence. In comparison with the (N,ir) reaction,
which has been studied in considerable detail both theoreti-
cally and experimentally, there are some advantages in
analyzing the (N,l\nT) reaction. Both reactions can deliver
large momentum to the nucleus; however, the (N,NTT) reaction
can also occur for relatively small momentum transfer (e.g.
q ~ 200 M°V/c). Thus, this reaction can be studied in
regions where nuclear single-particle wave functions and
transition densities are large and well known. We have con-
sidered one particular reaction: the exclusive (pjpV*)
reaction. For this process, we focus on the amplitudes
which are iominated by aA<123H) resonance in intermediate
states. A non-relativistic formalism for the reaction
amplitudes is derived and examined in detail. The dif-
ferences between relativistic and non-relativistic ap-
proximations for the pion self-energy are examined. Because
of the exploratory nature of this investigation, simple
forms are used for the bound-state wave functions and tran-
sition densities, and the continuum particles are ap-
proximated by plane waves; the effects of distorted waves
are estimated.

The results suggest that the coincidence cross sections
for the reaction (p,piT*) should be measurable with present
detectors and beam intensities. Preliminary results indi-
cate that if the outgoing proton energy is fixed and the
pion angle varied, the resulting angular distribution is
sensitive primarily to nuclear transition densities. If the
pion angle is fixed (near the peak of the cross section),
then the shape of the proton energy spectrum is determined
by the isobar propagator. For example, if one considers low
values of the outgoing proton energy, the "projectile
excitation" amplitude dominates the cross sections; for
higher proton energies, the spectrum is dominated by the
target excitation. The separation between these two peaks
increases with incident proton energy.

Nuclear medium effects on the intermediate pion are
found to be large, particularly for the "projectile
excitation" term. In fact, if the pion self-energy is cal-
culated without including the short-ranged repulsion in the
particle-hole interaction, the PW calculations produce poles
in the theoretical cross sections. Inclusion of short-
ranged repulsion via a Migdal parameter with a reasonable
strength renormalizes the self-energy; however, the net ef-
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feet of the pion self-energy is still a considerable en-
hancement of the "projectile excitation" term, and a cor-
responding increase in the calculated cross sections.
Medium effects on the isobar are found to be relatively
small. There is considerable cancellation between the in-
crease in the cross sections due to the combined dispersive
and Pauli effects, and the decrease due to spreading-width
effects.

The (w-q) domain, in which the pion self-energy en-
hancements are largest, is the same region where "precursor"
effects have been predicted in the past. Many large effects
predicted from such calculations have not been observed;
thus there is considerable uncertainty regarding the mag-
nitude of the pion self-energy in this region. It is there-
fore desirable to determine this energy from experiment.
The (p,p^r*) reaction, due to its strong sensitivity to the
self-energy, may help to determine this quantity.

Effects of distortions were estimated from an eikonal
approximation for the nuclear elastic scattering interac-
tions of the protons and the pion. The predicted cross sec-
tions are reduced by at least an order of magnitude from the
PW estimates, with the major reduction arising from the
final-state pion-nucleus interaction. We notice that care
must be taken to avoid over-counting effects in the isobar
propagator, and also in the pion-nucleus final-state
interaction. In the present treatment, effects of final-
state distortions have been applied only to the peak cross
sections, where these ambiguities are less important that in
other kinematic regions. Consistent results were obtained
if the effects of true pion absorption were included either
through the medium modification of the isobar, or in the
pion-nucleus distortions.

Our calculation concludes that the (N,I\MT) reaction is
potentially a powerful tool for investigating the dynamics
of pions and isobars in nuclei, as it can investigate the
nuclear response over a wide range of energy and momentum
transfers. The spin-isospin selectivity of the reaction can
be utilized to focus on individual amplitudes in the reac-
tion mechanism. Once understood, this reaction could be ex-
ploited to test our knowledge of spin-isospin nuclear tran-
sition densities in the region of moderate to very large
momentum transfer.

It is now essential to make more quantitative calcula-
tions in which the simplifying assumptions and approxima-
tions in this work are removed. Subsequent calculations
should utilize proper distorted waves and realistic nuclear
wave functions. We are presently undertaking calculations
addressing these questions.

•Nuclear Theory Centre and Physics Department, Indiana
University, Bloomington.
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N18. EXCHANGE EFFECTS IN p(3He,t)
and B.K. Jain)

~ REACTION <A.B. Santra

E'H, . JC.

••• Pw ( Mi(«i I
PWI | i«K i . Euhot.9.1
[)W I Uirrcl I
OwlDnecl. E>cl.ong» I

In p(aHe,t)A~~ reaction, where aHe strikes the target
proton, either the
target proton gets
converted into A •*"*"
or a nucleon in "He
gets converted to j£*.
In the latter pro-
cess the target
proton is converted
into neutron and is
exchanged with theA
in the projectile.
The transition
matrix, therefore,
is a coherent sum of
the two processes.
Using this transi-
tion matrix we have
calculated the
triton energy
spectrum and the
four momentum trans-
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fer distribution.
The interaction used
is the one pion plus
one rho- exchange
interaction. The
continuum waves are
described in the
distorted wave
eikonal approxi-
mation. The results
sre shown in Figs.1
and S. As we see
the contribution of
the exchange term is
destructive and of
sizable amount.



N19. SOLUTION OF COUPLED THREE-BODY FINAL STATE MODEL EQUA-
TION FOR KNOCK-OUT REACTIONS <Arun K. Jain)

A large uncertainty exists in the spectroscopic factors
for clustering when they are deduced from the analyses of
cluster knock-out reactions. The uncertainty arises because
there exists orders of magnitude anomaly between the calcu-
lated distorted wave impulse approximation CDWIA) cross sec-
tions and the corresponding observations. Most of the ex-
planations put forward have not been able to explain the
anomaly consistently. In all the attempts made so far it
has been assumed that the three-body final state is
separable into two 2-body Schroedinger equations correspond-
ing to relative motion of the two ejectiles relative to the
residual nucleus. This has however been shown to be exact
only when either the distorting optical potentials are ab-
sent or the residual nucleus is infinitely heavy. When the
residual nucleus is light and distorting potentials are very
strong this separable ap-
proximation grossly vio-
lates the energy balance
in the Schroedinger
equation. In terms _̂ of
relative coordinates roe

and r^c of Fig.1 the 3-
body Hamiltonian, corres-
ponding to the final state
of quasi free knock-out
of particle 1 by the inci- Fig. 1
dent particle 0 leaving
behind particle C as residual nucleus, is given as:

- Tooc 3

Here the residual nucleus C interacts with the out going
particles o and 1 through the optical potentials V(roc) and
V(rie) respectively. In the conventional DWIA calculations
the coupling term —•&?/»£ Ycc^tc i s approximated by the cor-
responding expression involving the asymptotic momenta.
With this one separates the coupled 3-body Schroedinger
equation into two 3-body Schroedinger equations. This ap-
proximation is obviously good when residual nucleus mass mc
is large.

It is also possible to express the Hamxl toniarr, H in
terms of ro« and r1e coordinates as follows:

• TH

In this system of coordinates the coupling arises through
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the optical potential VCr-cK If however this optical
potential i/equated to be zero then there is no coupling in
this r*«,« formalism while the coupling exists m the ro.
formalism. Therefore one can estimate the error >£^? d u£ e d

by the replacement of asymptotic momenta for the -*7"feVoe ;V<c
term in this model situation where one of the optical
Potentials, V<ro<=) is negligible. In this «tua » " »
ro* formalism provides the exact solution of the 3-body
final state. As an example calculations have been Performed
for •"*0(a,2a)"1*C at 90 MeV. assuming the optical potential
V(r«,c> to be zero. The results are presented in Fig.2. The
curves shown in this figure are normalized to the peak value

ui

o-ol -

o-oo5 •

P.W.I
Exact 3-Body

Co nveritioYial / £). W.I. A.
KineYruxtio.Coup
Approximation

Fig. 2

of the experimental data. It is seen that the calculations
using kinematic coupling approximation differ by as much as
a factor of three from the exact 3-body calculations in this
situation where V(r»«=) =0. At the peak position the
Kinematic coupling approximation over estimates the exact 3-
body calculations by a factor of 1.265 while the plain wave
calculation over estimates it by a factor of 1500. It is
only to be expected that when V(rOe) is large as is the case
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IIIKIiii
ing 3-body final state.

N20. BREAK-UP CALCULATIONS FOR <-Ht,d> REACTION <R. Mythili

and R. Shyam")

The projectile break-up, process ̂ contributes^ sig-

break—up reaction
cross section in the
post-form DWBA and
have written a com-
puter code for doing
these calculations.

The calculations
have been done for
the (3He,d) reaction
at 130 MeV for four
targets- •''Al, "Ca,
V3Nti and 1*^Au. An
example of the cal-
culation for «yAl
and the comparison
with the data ••» is
shown in Fig. 1. The
shape of the spec-
trum is reproduced
although the ab-
solute cross section
is undet—predicted.
The other .features
that come out of the
calculations are,
i) the bump in the
spectrum varies
slightly from target
to target, ii> the
cross section is
largest at the most
foreward angle and
iii) the cross sec-
tion is larger for
heavier target.

60 60 100

Ed(MeV)
120
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These results agree with data obtained for these systems.

-SINP, Calcutta
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N21. APPLICATION OF ENERGY DISPERSIVE X-RAY FLUORESCENCE
TECHNIQUE TO CHARACTERISE THE ELEMENTAL COMPOSITION OF
SURFACE LAYERS (Madan Lai and R.K. Choudhury)

The X-ray fluorescence method was employed for deter-
mining the surface depositions of Fe, Au, Ag & So on thin
strips of metallic glass samples and Ag on thin metallic
wires. These samples have significant metallurgical
applications. In order to eliminate geometrical factor for
quantitative elemental analysis standards were employed in
the same geometry as the samples.

The X-ray spectrometer set up consists of a cooled
Si(Li) detector of 30mmB x 3mm size having an energy resolu-
tion of 200 ev for 5.9 Kev X-rays. The radioisotope sources
employed for excitation of X-rays are 1ovCd <S0 me) and
"••••Am (100 me) in annular geometry. A thin mylar film
mounted at a distance of a few cm from the source supports
the samples. The metallic glass samples were rectangular
strips of 3mm x 10mm size having the coated material on one
of the faces. The samples were excited with the coated sur-
face facing the source and detector. The wire samples were
mounted in a fixed geometry defined by grooves made on the
sample-holder plate. In order to calibrate the geometrical
factors for obtaining quantitative information on the sample
composition, pure element standards were excited in the same
geometry as the actual samples. In the case of metallic
glass samples, we used standards prepared on millipore fil-
ters cut to the size of samples and in the case of wires
pure metallic wires of known thickness were used. Fig.1
shows the typical X-ray spectrum of a metglass sample.

The intensity of X-rays Ij emitted by a element *j ' in
the case of thin samples where self-absorption can be
neglected, is given by

(1)

where Io is the incident source intensity and G is the
geometrical factor. Kj is the relative excitation-cum-
detection factor for each element due to a given combination
of source and detector, mj is the mass of the element *j'
per unit area. The factor IOG is evaluated for each sample
by having a standard prepared on a millipore filter of same
size and placed in the same geometry. Kj values were com-
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puted for each element for both the exciting sources of
•<°+Cd and "•'Am. Using the above expression the unknown
mass mj deposited on metallic glass was determined.

25.00
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Fig. 1

In the case of wires a pure element wire is employed
for calibration. For a given length 1 and density 51, the
mass of the wire can be expressed as mi = Trr-ialf-i where r.,
is the radius of the wire used as the standard. In the case
of the unknown sample, since the coating is on the surface
of a wire the mass mm of this surface deposition can be
expressed in terms of the radius of the wire rK and the
coating thickness Ar as

mm = 2rtrm Arl?m
where ?« is the density of the deposition on wire.

Using expression (1) the relative intensities of the
standard and the sample coating can be written as

^ )/(2r J .

By measuring I j i and Ija and r-, and rm the value of r
can be determined.

The results of coating thickness on metallic glass ob-
tained by the above method Are Fe = 38.0 ug/cm*r A U = 67.0
Mg/cm*, Ag = 63.0 ug/cm« and Sb = 56.0 Ug/cm*. In the case
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of Ag deposited on a Cu wire, the coating thickness computed
by this method is r=0.264 um.

NS2. MONITORING OF THIN LAYER DEPOSITS OF HIGH TEMPERATURE
SUPERCONDUCTING MATERIALS BY ENERGY DISPERSIVE X-RAY
FLUORESCENCE TECHNIQUE (EDXRF) Madan Lai and R. K.
Choudhury)

We report here the results of analysis of thin films of
high Tc superconducting materials prepared by laser
evaporation. The films were prepared on quartz plates placed
in <1O~* torr oxygen using a Nd-Yag laser beam. The film
thickness obtained were in the range 1.0 micron.

The EDXRF set up employed for monitoring these films
comprises of a high resolution lithium drifted silicon
Si (Li ) .detector along with the radioisotope sources of "lo<i'Cd
(30 me) and "•*"1Am mounted in an annular geometry. The sig-
nals of the X-rays detected by the Si(Li) detector are
amplified by high resolution electronics and the spectrum is
stored in the multi-channel analyser. The original super-
conducting material was ground into a fine powder and mixed
with a binder material for preparing a sample on a filter
paper backing. The X-rsy spectra of a few such samples were
taken to act as reference. The spectra obtained from the
deposited film were compared with the reference spectra by
taking the ratios of the intensities of K<» lines of Y, Ba
and Cu elements. A number of samples were analysed by
changing laser beam parameters. The laser beam power was
varied from 1 to 10 joules per pulse and pulse width was
varied from 1 to 10 ms. Ba and Y were monitored by B*iAm,
and Y and Cu by 1o*Cd. The results of the series of runs
are summarised in table 1. Fig.1 shows an example of the
spectra obtained after the optimum parameters were achieved.
The figure shows good matching of the two materials.

Table 1

Intensity Ratios of X-ray Lines of Cu, Y & Ba of Thin
Film Sample of YBaBCu307

Sample No. CuK,»/YK« BaK./YK,,

1 2.02 + .24 16.52 ± 3.5
2 1.OS ± 0.07 8.95+1.1
3 1.01 ± .06 9.98 ± 1.0
4 0.75 + .02 7.50 ± 0.35
5 0.51 ± 0.02 7.09 ± 0.50
6 0.57+0.02 6.S3 + 0.33

— • — — — — — — • — - • . — • - — — — — — — — _ — — — _ _ _ _ _ _ _ _ _ — _ _ _ _ _ __,»_ _ _ _ _ . _ _ _ „ _ _ _ . ^ _

Original Sample 0.56 + .008 7.02 + .02
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EXCITING SOURCE: Cd10* Si (Li) DETECTOR (30mm2 x 3mm)

SUPERCONDUCTING MATERIAL: VBa2Cu307
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N23. TRACE ELEMENT STUDIES IN OESOPHAGUS TISSUES BY PROTON
INDUCED X-RAY EMISSION (PIXE) (Madan Lai, R.K.
Chaudhury, B.K. Nayak, V. Bamane*, P.N. Trivedi* and
S.S. Ranade")

The present work is pertaining to the study of trace
elements in oesphageal tumours of human beings. The trace
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element concentrations in the tumour zone and the adjoining
uninvolved zones were determined and a comparative analysis
in the various zones will be presented and discussed.

Thirty six samples were prepared from six tumor samples
collected from the patients of the Cancer Research
Institute, Tata Memorial Centre, Bombay. The wet tissues
were processed by dissolving in pure NaOH. An internal
standard of Yttrium was added to this solution. In a solu-
tion of 200 Ml containing sample and standard, the sample
quantity was H~3 mg and standard Yttrium was 10.0 ug . The
mixed and homogenised solution was pipetted and dried on a
thin mylar (3.6 microns) mounted on the PIXE sample holder.
A set of twelve samples were mounted inside the evacuated
PIXE chamber at a time and analysed using a proton beam of
3.5 MeV from Van de Graaff accelerator at Trombay. The beam
from the accelerator is diffused by passing through a thin
Ni foil located about half a meter in front of the target.
The diffused beam passes through a set of collimators before
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Fig. I

hitting the sample over a well defined area. The beam cur-
rent on the target is kept at a level of a few tens of
nanoamperes to avoid overheating of the sample and to limit
the count rate in the detector to reasonable values. Fig.1
shows a typical x-ray spectrum of the tissue collected from
the tumor zone. Blank runs were taken for mylar backino,
mylar with NaOH, and mylar with Yttrium standard to ensure



that no impurities are present in the materials employed for
sample preparation.

The intensities of «„ X-rays of elements Ti, Mn, Fe,
Ni, Cu, Zn, As, Br and Rb in

toaddition to L-Xrays of Pb
were obtained and normalised
with respect to the «„ X-ray
intensity of the Yttrium
standard. In order to take
into account the scatter in
the concentration of these
elements in the biological
system, it was considered
appropriate to take the
weighted average of the
relative elemental con-
centrations for all the six
patients. It is observed
that Ti, Fe and As have ten-
dency towards depletion in
the zone nos. 3 & 4 coi—
responding to the tumor
region as shown in Fig.H.
Other elements did not show
any systematic trends with
respect to normal and tumor
zones. further work will be
carried out by taking a
larger number of samples to
reduce the fluctuations
present in the results.
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N24, TRACE ELEMENT ANALYSIS OF TEA SAMPLES BY ENERGY DISPER-
SIVE X-RAY FLUORESCENCE (EDXRF) TECHNIQUE (Madan Lai,
R.K.Choudhury and A.S. Divatia*)

The aim of the present study is to investigate the role
of tea drinking as a source of useful trace elements. In
this paper a method is proposed for a rapid multi-element
analysis of the tea leaves samples, by the EDXRF technique.

The X-rays of the sample material are excited by a
1o*Cd source of 30 me strength in annular geometry mounted
on the end cap and shielded from Si(Li) detector. Fig.1
shows a typical X-ray spectrum of one of the tea samples.

The X-ray line intensity of an element j in a sample is
related to its concentration nij by the relation

Ij = IOGKJ Uj Cj (1)

where Io is the source intensity, G is the geometrical
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factor, Kj is the relative excitation—cum-detection factor

X-RAY SPECTRUM OF A TYPICAL SAMPLE OF TEA LEAVES
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for the element j for a given source and detector
configuration, rrij is the mass (g/cm*) of the element j and
Cj is the absorption correction factor in the sample for the
X-ray line of element j and for the exciting source energy.
The compton scattered X-ray in tensi ty"1 *a> I»c is related to
the total mass of the sample m (g/cm»> by

= LOGK C.c m (2)

Where o-.c is the total scattering cross section for the
matrix of the sample and C.c is the self absorption factor
for the source and the scattered radiation, K is the detec-
tion factor for the scattered radiation. From equations '1>
and <2) one gets,

n>j

(3)
Hff mc

The factor (Cj/C«c) is obtained experimentally by transmis-
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sion method. Since Kj and K are known for a given source
and detector set up, the ratio on the left side of eq.(3) is
related linearly with the mass of the elements in ppm and
this constant is calibrated with a known standard sample of
a matrix similar to that of tea leaves. Since non destruc-
tive method of analysis is adopted, the tea leaves are
packed inside a disc with a thin mylar on each side. Table I
gives the results of the analysis for the concentration (in
ppm) of Mn, Fe, Cu, Zn, Rb, Br and Sr in different tea
samples obtained from the Tea Research Association,
Calcutta.

Table I

Quantitative Analysis in Parts Per Million of Tea
Samples from Tea Research Association, Calcutta.

Sample Mn Fe Cu Zn Br Rb Sr

1 552 427 84 24 15 76 26
2 822 330 93 81 5 8 16
3 95 306 109 114 7 90 18
4
5
6
7
8
9
10
11
12
13
14
15

550
586
692
776
171
84
87
641
556
661
838
535

210
397
421
329
375
491
378
382
288
204
101
277

54
63
87
101
70
59
90
99
120
59
51
76

51
56
86
79
40
63
82
62
80
50
26
63

44
79
68
80
72
82
102
95
119
115
88
84

23
26
15
19
23
20
29
25
31
23
18
23

Range 80-825 100-500 50-120 25-115 0-15 10-120 15-30

'Senior Scientist,INSA
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N25. ANALYSIS OF DIFFUSION DATA IN METALLIC GLASSES
(Kuldeep, Animesh K. Jain, S.K. Sharma~, and S.
Banerjee-)

Diffusion of a number of species has been studied by us
in Fe-B and Zr-Ni glasses by Rutherford Backscattering
Spectrometry (RBS). Thick films ("MOOnmJ deposited on the



metallic glass substrates were employed as diffusion
couples. Since the depth resolution of the RBS technique is
comparable to the typical diffusion distances permissible in
the metallic glasses <~20nm>, proper data analysis to obtain
actual depth profiles from raw data, and to extract D values
from the depth profiles, plays an important role in such
studies.

In converting a raw RBS spectrum to a depth profile,
one needs the stopping powers of the incident ions (2.0MeV
He* ions in our case) in the medium of interest. Estimates
based on Bragg's law of linear additivity may differ from
actual stopping powers by as much as ±207.. This may lead to
a similar error in the diffusion distances, and consequently
to 'v±40X error in the D values. To overcome this problem, we
have employed the ratio of impurity to substrate yields in
the RBS spectra to monitor any departure* from the Bragg's
rule, and to make appropriate corrections to the estimated
stopping powers, wherever necessary. By following this
procedure, our depth calibration is estimated to be accurate
within ±5"/..

A careful analysis of our data on the basis of the
thick film solution of the diffusion equation, and account-
ing for a -finite depth resolution, revealed that the actual
concentration profiles in several systems must be
discontinuous. The profiles obtained by RBS do not show such
a discontinuity due to a finite depth resolution. For the
case of Sb diffusion in Fe«8B^«, a suitable model solution
of the diffusion equation was written as

C ( x , t ) = d erfcC(x - ;<o > / ( 4 D i t ) 1 / 1 1 3 , x > ;< „ ,
= (2C«-C o > + <Co-Ca) e r f cC< x - x o > / ( 4 D « t ) 1 ' * 3 , !<<xo ; ( 1 )

In the above equation, C, and Cm are the concentrations im-
mediately on either sides of an interface at a depth xo, Co
is the concentration in the film region, far away from the
interface, and Di, D«, are the diffusivities of Sb into the
host, and host atoms into the Sb film respectively. This
type of diffusion behaviour is encountered, for example, in
solid solubility limited diffusion. To compare with ex-
perimental data, profiles generated from eqn.d) were folded
with a Gaussian resolution function. The parameters C«, C-,,
Ca, xo, Di, Dx, and FWHM of the resolution function were op-
timized to give a least XB fit. An example of such an
analysis is shown in Fig.1 for the case of Sb diffusion at
62SK in a relaxed FeaeB-»« metallic glass. The profile given
by eqn.d) is shown by a dashed line, while the profile
after folding is given by the solid line. it can be seen
that the agreement between experimental data and calculated
profile is excellent. It is believed that 0 values obtained
from this analysis should be more reliable than those ob-
tained in the literature employing approximate analysis
procedures. This also suggests that different types of atoms
may have a finite solubility in the amorphous phase of the
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Fig. 1. An&lysis of Sb diffusion in a relaxed Fe»aBia
metallic glass.

substrate alloy, similar to the existence of a finite
solubility in the equilibrium crystalline solid phases.

-Physical Metallurgy Division, B.A.R.C.
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•1. 8MALL ANGLE NEUTRON SCATTERING MEASUREMENTS ON SOL TO GEL
TRANSITION IN M1CELLAR SOLUTIONS OF CTAB AND SODIUM
8ALICYLATE (P.S. Goyal, R. Chakravarthy, B.A. Dasannacharya,
J.A.E. Desa, V.K. Kelkar~, C. Manohar*, S.L. Narasimhan,
K.R. Rao and B.S. Valaulikar*)

Aqueous solutions of Cetyl trimethyl ammonium bromide (CTAB)
show a dramatic increase in viscosity on addition of sodium
salicylate <NaSal) and are transformed to a gel at CTAB
concentration of 0.1 M and NaSal concentration of 0.025 M /1/.
The viscosity of these solutions is very sensitive also to
temperature. To understand the mechanism of sol-gel transition,
we have carried out small angle neutron scattering (SANS)
experiments on the above solutions. Two sets of measurements
have been made. In the first, the effect of NaSal addition on
0.1 M CTAB solution was investigated. The second set was made on
a solution of 0.1 M CTAB with .025 M NaSal at temperatures of
300, 320, 337 and 352 K. The experiments in Q range of .025 A~1

to 0.15 A-"1 were carried out using SANS spectrometer at CIRUS
reactor. These measurements were then extended to lower Q
values (down to .01 A~1) using Low Q spectrometer at Rutherford
Appleton Laboratory (RAD, U.K. Fig.1 shows the data taken at
CIRUS.
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The SANS distribution K G ) from a micellar solution is
proportional to the product of the particle form factor P(Q) and
the intermicelle interference term S(Q) /2/. The peak at Q ~
.045 A-1 in the measured distributions arises because of S(Q).
We believe that on addition of NaSal to CTAB solution, two or
more of CTAB micelles join together to form a bigger micelle.



This results in an increase in intermieellar separation and
thereby the peak in the measured distribution moves to lower Q
values. Quantitative analysis of these data is in progress.

It is also seen that when one heats micellar gel (0.1 M CTAB
solution containing 0.025 M NaSal), the peak in the measured
distribution moves to larger Q values. This suggests, that at
higher temperatures, bigger micelles disintegrate to smaller
ones .

/I/ U.R.K. Rao, C. Manohar, B.S. Valaulikar and R.M. Iyer,
J.Phys.Chem. 19 3286 (1987)

/Z/ S.H. Chen, Physica 137 B 183 (1986)

"Chemistry Division, BARC, Bombay 85.

S2. MAGNETIC STRUCTURE OF DISORDERED SPINEL Zno.sCoo.sFtCrO«
(R. Chakravarthy, L. Madhav Rao, S.K. Paranjpe^
S.K. Kulshreshtha*, A.K. Soper and W.S. Howells")

Recently several
disordered spinels have
been shown to exhibit
spin glass like
behaviour /1,2/.
Although a systematic
neutron diffraction
study of spin glass
spinels with magnetic
ions occupying only the
octahedral sublattice
has been reported /1/,
such studies of those
with magnetic ions on
both the sublattices
are scarce.To understand
the microscopic magnetic
structure of one such
spinel we have carried
out neutron diffraction
studies on the sample,
Zno.sC0o.3FeCrCU from
300K down to 20K.

Rietveld profile
analysis of the 300K
data, limited to the
higher Q region (having
negligible magnetic
contribution) gives the
cation distribution to Fig.1
be (Zno.9C0o.3aFeo.1a)
on tetrahedral and CCoo. o*Feo.«.»Cro_»3» on octahedral sites. The
temperature dependence of the (111), (220) and (222) intensities
show a change in the slope around 130K. Such a plot for (111) is

10 1.5 2.0

U0UEN1UU TRANSFER : 0 ( A . . - 1 )
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shown in Fig.1. This behaviour indicates that even at 300K the
system has a basic network of an infinite cluster giving rise to
long range magnetic ordering and thus Bragg scattering. On
cooling, some of the free spins start aligning collinear with it
and freezing becomes more pronounced below 130K giving a change
in the slope (Fig.D. This feature corresponds to the peak at
I50K observed in a.c. susceptibility measurements /2/. Difference
spectra in the lower Q-region (Fig.S) clearly show an increase in
the diffuse scattering at lower temperatures due to an increase
in short range correlations in the system. Around 20K the system
may be described as consisting of a backbone of an infinite
cluster formed by a majority of the spins and some spins which
are left frozen randomly due to short range correlations. The
frustration introduced by non-magnetic Zn-ions in the lattices
prevents some of the frozen spins from participating in long
range ordering.

/1/ D Fiorani, S Viticoli, J L Oormann, J L Tholence and
A.P. Murani, Phys Rev §30, 2776 (1984)

/£/ K Muraleedharan, J K Srivastava, V R Marathe and
R Vijayaraghavan, J M M M 50, 333 (1985)

^Chemistry Division, BARC?
"Neutron Division, Rutherford Appleton Laboratory, Chilton,
Didcot, Qxon, 0X11, OQX, UK.

83. REORIENTATIONAL MOTION OF NH~« I0N8 IN (NH*)« SbF9
(R.liukhopadhyay, P.S. Coyal and K.R. Rao)

Ammonium pentafluoro antimonate, (NH«)« SbF», is reported to
have a number of phase transitions /1/ below room temperature and
the NH*> ion reorientations are believed to be responsible for
these transitions. The room temperature structure of (NH»)» SbF»
is orthorhombic (space group Cmcm) and there are two types (I,II)
of NH** ions in the unit cell. Though it is known from NMR line
width measurements /1/ and NQR studies /2/ that NH*« ions are
reorienting quite freely, so far no detailed study on the
reorientational motion of NH*« ions in this salt has been made.
This paper reports the results of neutron incoherent quasielastic
scattering experiments in the wave vector transfer (Q) region of
1.0 to 2.3 A*-"1, carried out using the Rotating Crystal
Spectrometer < A o= 4.07A) at CIRUS reactor. The form factor
A(Q> associated with elastic part and the reorientation time
for the NH-"-* ions were obtained by fitting the resolution
broadened sum of elastic and a Lorentzian quasielastic component.
Fig.1 shows a typical measured and fitted spectrum at S - 2.24A~1

as a function of scattered neutron wavelength. The behaviour of
the ratio of elastic to quasielastic intensity compared to
different models /3/ suggests that both the NH*« ions have
reorientation times T x> T u <Fig.2) in the time window
(3 psec-75 psec) of the spectrometer. The value of T ( = 10±3
psec) obtained corresponds to an average reorientation time for
the two NH*« ions.



0.

c

01

O
CO

I •• •

t •

; A-^'laatic

WAVE VEaOR TRANSFER l l " )

Case A : 3f>sec<TX)-cu<T5|>s«c.
» B : T t <3<T. U

i> c : 3 < t

i.a 3 5 < e «-S s.»

Scattered «eutro« wavelength (A)

Fig.1 Fig.2

/1/ L.M. Avkhutskii et al.r Phys. Stat. Sol. <b> 116.
483 (1983)

/E/ N.Makamura, 2. Naturforsch, H « , 243 (1986)
/3/ P.S. Goyal and B.A. Dasannacharya, J. Chem. Phys.,

68» 2430 (1978)

84. REORIENTAT10N8 OF NH~« I0N8 IN FERROELECTRIC PHASE OF
(NH«>s80« (P.S. Goyal, C.J. Carlile«, R. Chakravarthy and
B.A. Dasannacharya)

Ammonium sulphate, (NH.»)»SCU, is ferroelectric below 223 K
and it has two types (I, II) of NH*« ions. The mixed salt
C(NR»). -.*K.«*D«SQ* contains only one type (II) of NH*» ions /I/.
To obtain the reorientation times fx and Txx for the two NH*«
ions in FE phase of (NH«)BS0«, last year we had reported the
results of preliminary neutron quasielastic scattering
experiments on (NH*)ttS0* at 230 and 215 K. These measurements
were carried out using energy resolution <SE "* 40 PeV. Me have
now carried out detailed experiments both on (NH»)aS0« and the
mixed salt at 230 and 215 K using IRIS-II <SE ~ 15 ueV) at
spallation neutron source ISIS, U.K. The experiments were
performed in Q range of 0.92 to 1.63 A*1. These studies have
confirmed the conclusions arrived at from the preliminary studies
that tx " Txi at 215 K. The value ( = 1030 ± 8 p sec) of the
reorientation time T(=TX = TX1> at 215 K has, however, been found
to be somewhat higher as compared to that (47 ± 4 p sec) obtained
from the poor resolution measurements.

The present studies also showed that elastic incoherent
structure factor (EISF) Au(Q) for NH*» (II) is somewhat higher
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than the effective EISF Ai##<Q> for the two NH~* ions at 215 K.
It was also seen that neither AXI(Q) nor A.«#(Q> show any change
in going from paraelectric (PE) to ferroelectric (FE) phase.
From this, we conclude that geometry of reorientation for the two
NH-*-* ions is different /1/, but it does not undergo a change in
going from the PE to the FE phase.

/I/ P.S. Goyal and B.A. Dasannacharya
J. Chem. Phys. 68 2430 (1978)

•Rutherford Appleton Laboratory, Chilton (U.K.)

S3. DYNAMICS OF NH-« ION8 IN NrUI AND (NrU)wK-,-,.1 (P.S. Goyal,
R. Chakravarthy, B.A. Dasannacharya, S.K. Kulshrcshtha" and
J. Tomkinson""*)

At low temperatures, ammonium iodide, NhUI, has tetragonal
structure and the mixed salts (NH4>.SK.»I, <NhU).-,K .*I and
<NH*).osK.»aI have rock salt (NaCl) structure /1/. The
librational motion of NH*.» ions in the above salts have been
studied at 20 K using neutron incoherent inelastic scattering.
The experiments were carried out using TFXA spectrometer at
spallation neutron source, ISIS, U.K. Results are shown in
Fig.1. Corresponding to the translational optic mod*, the

(NH4)»Ki-KI NrUI

o s o i c o ; s 3 : : & : J C : ; ; 21c ^ : : * "

Fig.1

measured distributions show a peak at ~18 meV for all the salts.
The librational mode for NhUI occurs at ~36 meV; its higher
harmonics at ~70 meV and ~100 meV are also seen.

In addition to the translational peak at 18 meV, the mixed
salts show two peaks one at "MO meV and the other at ~30 rneV. In
earlier experiments /2,3/ the peak at 10 meV had not been seen
and the peak at ~30 meV was interpreted as the librational mode.
The present experiments indicate that the librational mode
probably occurs at ~10 meV and the peak at 30 meV is a
combination mode. This is in agreement with calculations of
Ozaki et al /4/ where they had shown that for dilute solutions of
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<NH4)HKi_MBr, the librational density of state has significant
contribution in the energy region of 5 meV to 10 meV.The mixed
salts do not show any peak above 60 meV indicating that higher
librational states of NH** ions are not defined in NaCl phase.

/I/ P.B. Goyal and B.A. Dasannacharya, J.Phys. C12 219 (1979)
/H/ B.A. Dasannacharya, P.S. Goyal, S.K. Sinha and C.L. Thaper,

Nucl.Phys. and Solid State Phys. (India) 20 C 243 (1977)
/3/ A.B. Gardner, T.C. Waddington and J. Tomkinson, J. Chem. Soc.

Faraday Trans. II 73 1191 (1977)
/4/ Y. Ozaki et al J. Phys. Soc. Japan 54 2595 (1985)

"Chemistry Division, BARC, Bombay 400085.
"••Rutherford Appleton Laboratory, Chilton, Didcot, Oxon (U.K.)

86. NEUTRON INCOHERENT INELASTIC SCATTERING FROM DIPOLAR GLA88
(NH«)HRbi-wHaPO« (P.S. Goyal, R. Chakravarthy,
B.A. Dasannacharya, S.K. Kulshreshtha", and J. Tomkinson*"*)

Mixed crystal (NH^J^Rb^-nHaPO* of ferroelectric (FE)
RbHaPCU, RDP, and antiferroelectric (AFE), NHUH.PO., ADP, is the
ferroelectric analogue of magnetic systems which exhibit spin
glass transition /I/. (Nl-U) HRb-,_HHaPCU undergoes PE to FE
transition for x < 0.22 and PE-AFE transition for x > 0.74.
However, at intermediate concentrations (0.22 < x < 0.74) these
structural changes are not found, rather the crystal freezes into
random configurations resulting in dipolar glass. The glass
transition temperature To is believed to be ~" 10 K.

To understand the dynamics of NH** ions and acidic protons
in the above salts, we have carried out neutron incoherent
inelastic scattering experiments on (NhU)) wRbi-MH«PO.» for x =
0.0, 0.35 and 1.0 for sample temperature of 160, 135 and 6.2 K.
Measurements have been made on TFXA spectrometer at spallation
neutron source, ISIS, U.K. All the measured spectra had two
similar features, namely, translational optical mode at hw ~ 25
meV and the vibrational modes /(OH) and 6(OH) for acidic
protons at 'v130 meV and 161 meV. The salts containing NHr» ion
(x 4- 0) show a peak at ~37 meV corresponding to NH*« librations.
In these salts a peak at ~~ 20 meV corresponding to P0« librations
and several peaks in region of 43-76 meV corresponding to
internal modes of PCU are also seen. As P0« ion does not scatter
neutrons incoherently, the appearance of PO* modes-in above
experiments suggests that these modes are coupled modes where
protons of NH~.» ion also participate.

The librational spectrum of NH*» ions is considerably
broader in the mixed salt as compared to that for pure Nt-UH.PCU.
Further, it was seen that though the peak positions do not change
in going from PE to AFE/FE phase, the peak intensities do change
for the pure salts (x = 0.0 or 1.0). In the same temperature
region, peak intensities in ARDP do not show significant changes.
Spectra from all the three salts are similar at 6.2 K.
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/ 1 / E. Courtens, J . Physique Letters 43 199 (19SE)

"Chemistry D iv is ion , BARC, Bombay 85
•-Rutherford Appleton Laboratory, Chi l ton (U.K.)

87. NEUTRON INELASTIC SCATTERING FROM ot-GLYCINE AND ITS
DEUTERATED SALTS (C.L. Thaper, B.A. Dasannacharya,
P.S. Goyal, R. Chakravarthy and J. Tomkinson*)

Neutron inelastic scattering experiments on Polycrystal1ine
samples of «-glycine <NH-*-a CHa C0O-), d«-glycine (NH*a CD« CQO~)
and d»~ glycine <ND-3 CHB COO") at 20 K carried out using TFXA
spectrometer at spallation neutron source, ISIS, U.K. are
reported. As can be seen from Fig.1 the quality of the data are
very good, the best investigated so far among neutron experiments

x l O - 6
I n e l a s t i c Neutron P a t t e r n For G l yc i ne

0.00 3-

0.00Z-

0 .002-

0.001.

NH3CH2COO(NORUAL GLYC1NE)

UH3CD2CO0(O2 CLYCINE)

£ \J <J *J i V 0 V NDXH2C00<03 CLVCINE}

50 • aOO 150 200

Energy transfer E1-E2 (meV)

250

Fig.1

performed so fur /1/. The range of energy transfer covered is
also very extensive.

Below 35 meV we observe at least eight peaks, most of these
not observed earlier through neutrons. These are found to
involve motions of hydrogen atoms of N as well as C« atoms of the
molecule. Our data show a few peaks not seen in the observed
Raman experiments /2/. Between 35-95 meV we observe CCN bend



- 4G -

(seen to be split), NH*3 torsional modes (seen to be split in
pure and dB "glycine and absent in dst~ glycine) and rocking,
bending and wagging modes of C00~. The splitting of NHa

torsional mode and CCN bend has not been seen earlier. It is
also seen that CCN and COO- modes involve motion of hydrogen
atoms attached to both N and C« (see Fig.1>. The observed peaks
are in good agreement with infra red /3/ and Raman /2/
measurements. The data above 95 meV shows several modes of CHa

and NH*a as also the higher orders of NH^a torsion and
multiphonons (for which our data are not corrected). It is
interesting to note that most of our observed peaks have been
tentatively assigned by comparison with optical data and
calculations as indicated in the figure. Coupling of these modes
seems to be more complicated than arrived at from infra-red work
/3/. For example, CDa modes do seem to involve motions of
hydrogen atoms attached to N. Similarly NHa rocking and
deformation modes seem to involve motion of hydrogen atoms of C«.
The second harmonic of NH*a torsional modes seems to lie at 128.2
msV instead of 133.3 meV indicating anharmonic nature of
potential for NH*a torsion. Detailed calculations of various
modes and their intensities Are required to explain the observed
spectra in a more satisfactory manner. These are in progress.

/I/ C.L. Thaper, S.K. Sinha and B.A. Dasannacharya, Neutron
Scattering AIP Proceedings No.89, p249 (1982), Ed.J. Faber.

/2/ H. Stenback, J. Raman Spectroscopy 5, 49 (1976)
/3/ S. Suzuki, T. Shimanoushi and M. Tsuboi, Spectrochim Acta 19,

1195 (1963): also A.M. Dwivedi and V.D. Gupta, Ind. J.
Biochem. & Biophys. tO, 77 (1970)

•Rutherford Appleton Laboratory, Chilton, Didcot, Oxon (U.K>)

Sd. QUENCHING OF PHASE TRAN8ITI0N IN Rb^—HwHaPO*
(S.K. Kuishreshtha-, M.S. Sastry*, P.S. Goyal and
B.A. Dasannacharya)

Dihydrogen phosphates of alkalie metals and ammonia, having
tetragonal structure exhibit a paraelectric to ferro or anti-
f er roelectrij: transition_on cooling.
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Whereas RbH BPO» (RDP) shows ferroelectric ordering with Tc 147K,
(NH*)HaPO* (ADP) orders ant iferroelectrically with Tn = 147 K.
The ordering in RDP which forms a continuous solid solution with
ADP can be quenched by substituting NH*"1' in place of Rb"~ , the
mixed salt Rbi_ H (Nl-U) wHBPQ-» does not show any ordering transition
in the range 0.H2 < :•: < 0.80. It is generally accepted that this
quenching is brought about because of the frustration created in
the lattice due to the presence of competing ferro and
ant iferroelectric interactions leading to the formation of
di polar glass.

In the course of our experiments on different dihydrogen
phosphates we have found that it is possible to quench the
order ing transition in RbHaPCU by other means which may or may
not lead to the presence of competing interactions. Fig.1 shows
the DSC plots of RDP, ADP, R b o . * 3 (NH* >o.3»HHPCU (RADP) and
Rb-,_,«H>,H«PCU <RHDP). The transition at 147 K in RDP and ADP Are
clear whereas the RADP and RHDP do not show this transition. To
further learn about the cause of quenching of this transition, X-
ray diffraction patterns were recorded far all the four samples
(Fig.2). Both RADP (x = 0.35) and RHDP show the same basic
structure as the parent compounds but have a c/a values of 0.98
which is between that of ferroelecstric RDP (c/a = 0.958) and
antiferroelectric ADP (c/a = 1.006). We believe, therefore that
the c/a ratio is an important parameter determining the occurence
or non occurence of this transition in these compounds. Whether
RHDP would be a dipolar glass like RADP or show an ordering
transition at a lower temperature is a question which is being
studied now.

"Chemistry Division, BARC, Bombay 85.

S9. PHQNON DENSITY OF STATES,SPECIFIC HEAT.AND
THERMAL PARAMETERS OF MgSiOa PER0V8KITE (Narayani Choudhury,
S.L. Chaplot and K.R. Rao, Subrata Ghose*)

The perovskite phase of MgSiD3 is one of the most abundant
minerals in the earth's lower mantle. We have carried out
lattice dynamical calculations in the rigid ion model for the
orthorhombic perovskite phase (space group D1*ah) of MgSiOa using
atom-atom pair potentials. The potential model is employed to
predict the elastic constants and phonon dispersion relations.
The computed value of the bulk modulus of 243 Gpa is in good
agreement with the corresponding experimental values of 247 Gpa.
The computed long wavelength optic modes are in good agreement
with the corresponding observed Raman and infrared active bands
of William et al (Preprint, J. Geophys Res.) for MgSiOa
perovskite. The phonon density of states (Fig.1) has also been
obtained and is used to evaluate the specific heat (Fig.2).The
calculated mean square displacements and thermal parameters of
atoms are in good agreement with the experimental values.
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^Mineral Physics Group,University of Washington,Seattle,
Washington 98195, USA.

S1O. PHONON DENSITY OF STATES IN THE MONOCLINIC
TETRACYANOETHYLENE (S.L. Chaplot, R. Chakravarthy,
J. Tomkinson* and K.R. Rao)

Tetracyanoethylene (TCNE, C»(CNU) has been of much interest
due to its bonding in a number of complexes leading to special
properties, and its peculiar phase transitions involving
amorphous and crystalline phases /1/. It is of considerable
interest to study the structure and dynamics in the amorphous
phase and its relationship to the crystalline phases. In
particular, the theoretically calculated differences in the
phonon spectra of the different crystalline phases, among other
factors, have been shown to have a subtle relationship with the
relative stability of those phases as a function of pressure and
temperature /2/.

FREQUENCY dm)

Fig.1: (a) Experimental S(Q,W) W/Q" (b) calculated neutron-
weighted density of states
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theoretirl? r»f ? ? A ^ 5 e a m °" 1 5 g m o f t h e sample, with our
theoretical calculations,shown in the Fig.1, is good in that th
v a r i o u s p e a k p o s i t i o n s a r e w e l l r e s o l v e d ? F u r t h e r ' " ! J

? n b e n p ; d f t

P d R' Mukh°Pa«hyay, Phys. Rev. B 33, 5099
and references therein. R. MukhopadhyayTs.L.

Pr° ^ t P; R a ° ' P h y s - S t a t ^ Solidi (a/sl, 467 <1965)
S.L. Chaplot, Phys. Rev. B 36, 8471 (1987) —

*Rutherford Appleton Laboratory, Chilton, Didcot, Oxon (U.K>)

811. a
of
and K.R. Rao)

M E L T I N G P 0 ^ STUDIES
Choudhury, S.L. Chaplot

Detailed lattice dynamical studies of forsterite usin,
interatomic pair potentials have already been reported A l
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Gruneisen parameters (model 2, correct to within 15X) and also
the temperature dependence of the bulk modulus (model 3, correct
to within 37.).

The computed free energy of forsterite as a function of
volume has been used to obtain the electron pressure and phonon
pressure isotherms as a function of volume (Fig.2). Above 2250K,
the phonon pressure Pu is higher than the electron pressure Pc
for all lattice volume values and indicates the onset of melting.
The computed melting temperature of 2H50K is in good agreement
with the experimental value of 2170K. The calculated root mean
square displacements of atoms at the melting temperature is
almost 10'/. of the spacing between rigid units indicating that a
modified Lindemann Criterion holds, even for a complex system
like forsterite.

/)/ K.R.Rao et. al. Science 236,64 (1987)
/Z/ N.Choudhury et. al. Solid State Physics (India)

29C, 119,(1986)
/3/ I. Suzuki et al, Phys. Chem. of Min., J2, 201 (1985)

B12. HIGH PRE88URE ELECTRICAL RESISTIVITY MEASUREMENT IN
TETRACYANOETHYLENE (P.Ch. Sahu*. R.Barathan*, Mohammad
Yousuf* K. Govinda Rajan*, R. Mukhopadhyay, S.L. Chaplot and
K.R.Rao)

High pressure —
X-ray diffraction
measurements /1/
reveal that
Tetracyanoethylene
(TCNE) undergoes an
irreversible phase
change from
monoclinic (P2,/N)
to cubic <Irr>3) phase
via an amorphous
phase. In this note
we report the
variation of
electri cal
resistance, (R) of
this compound as a
function of pressure
as it undergoes the
above transitions.
The a.c. electrical
resistance of the
powder sample was
measured upto 6.5
GPa in an opposed

Fig.1

3 c
PRESSURE (GPo)

Resistance vs. pressure of TCNE.
The inset shows the time evolution
of resistivity at 2.2 GPa at the
point indicated by the arrow.

anvil apparatus using mica as gasket and without any transmitting
medium. The a.c. resistance was found to be constant in the
frequency range 0.5-5 KHz. The data reported here corresponds to
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3.9 KHz. THe results are shown in the Fig.1. Starting with the
monoclinic phase, the resistance decreased continuously with
pressure until ~2 GPa. A change in slope at about 2.1 GPa was
seen, indicating the onset of a phase change. The initiation of
the transition at this pressure was further confirmed by the time
evolution of resistance as shown in the Fig.1 inset. The initial
rise in R with time corresponds to the transformation from the
monoclinic to the intermediate amorphous phase. After about 4
hours, R started falling with time indicating the transition from
the intermediate amorphous to the stable cubic phase. Recycling
the sample after soaking it for about 40 hours at 6.5 GPa did not
show the above features. The X-ray diffraction taken at
atmospheric pressure on the pressurised TCNE showed cubic
structure, indicating the irreversibility of the above
transi tion.

/1/ S.L. Chaplot and R. Mukhopadhyay, Phys. Rev. B33, 5099
(1986)

*Indira Gandhi Centre for Atomic Research, Kalpakkam

813. PHONON SPECTRUM AND RELATED PROPERTIES IN
YBaaCuaO? (S.L.Chaplot)

The phonon spectrum in the ordered YBasCu307 is calculated
in the orthorhombic structure of the space group Pmmm /1/ using a

t

CALCIUM E3>

t

0 200 400 1000
T (K)-*

Fig.1 Fig.2

rigid-ion model /S/. Although the renormalization of the phonon
frequencies due to the coupling with the conduction electrons is
not explicitly included in the model, the main features in the
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calculated "neutron-weighted" phonon density of states are in a
fair agreement with the inelastic neutron scattering data /3/
(Fig.1). The disagreement of the peak heights may be partly due
to the nonaveraging of the momentum transfer in the observed
spectrum /3/. The calculated phonon frequencies are also in a
fair agreement with the available optical data.

The calculated Debye temperature 0 o varies with temperature,T
(Fig.2). The calculated isotropic temperature factors at 300K
ogree well with the diffraction experiments as shown below. The
labelling of the atoms is that of Ref./1a/.

Atom
Calculated
X-ray
X-ray

/1a/
/1b/

Neutron / 4 /

B

Y
. 5
. 5
. 7
. 9

=

Ba
. 6
. 8
. 5
. 8

<8ira/3) (<

Cud)
. 8
1 . 1

. 9

. 9

UBK> + <

Cu(Z)
. 8
. 7
. 5
. 6

u « .

O(
1 .
1 .
1 .

•

>+<

1)
6
3
6
8

u-«»

0(2)
. 8
. 4
. 2
. 3

(A1

0(3)
. 8

1 .2
. 2
. 6

•>

0(4)
1.8
2 . 0
4 . 2
3 . 0

/1a/ T. Siegrist et al, Phys. Rev. B 35, 7137 (1987)
/1b/ Y. Le Page et al, Phys. Rev. B 35, 7245 (1987)
/2/ S.L. Chaplot and K.R. Rao, J. Phys. C J6, 3045 (1983)
/3/ J.J. Rhyne et al, Phys. Rev. B 36, 2294 (1987)
/4/ W.I.F. David et al, Nature 327, 310 (1987)

S14 OXYGEN EVOLUTION AND METAL TO SEMICONDUCTOR TRANSITION
IN YB«BCUa07-x (S.B.Ota, L . Varshney-", T . V. Chandrasekhar
Rao and V.C.Sahni)

The superconducting transition temperature (Tc) of high-Te

superconductor YBa«Cu3O7-y is known to depend critically on its
oxygen content /1/. In the present work, oxygen stability in
YBaaCua07_>, compound has been studied/2/. The sample was prepared
by coprecipitating yttrium and barium as carbonates, followed by
the addition of CuO to the dried carbonate precipitate. The
mixture was calcinated at ~900K and sintered twice at ~1200K for
over 14 hours on each occasion, with intermediate grinding and
re-pel letising. Finally, the sample was annealed in flowing
oxygen at ~800K for 18 hours. Electrical resistance measurement
was done by &.c. four-probe technique. The sample showed a
'metal-like' behaviour and Tc(50"/.)= 92K with a transition width
of <4K. Differential Thermogravimetric measurements on this high-
Tc superconductor have shown a mass-loss peak in a surprisingly
low temperature range(430K-630K), attributed to oxygen evolution.
It is believed that the loss occurs in a relatively lower
temperature range, as compared to literature reports (say, /3/),
because of the smaller grain size of the sample owing to its
lower sintering temperature.

Controlled amount of oxygen was progressively removed in
steps by heating (5K/min) a bar of YBa«Cua07-_>, in the
thermobalance up to a pre—set temperature Ts (in the range 430K-
630K). Electrical resistance was measured from liq.Na to room



temperature after each oxygen removal. It was found that Tc
declines as a function of oxygen removal, accompanied by an
increase in transition width. Also, the resistance behaviour
changes from xmetal-likef to "semiconductor-1ike' in the process.
The results are shown in the table.

Tc(90'/.> :(507.)
(K)

T^MOX) -ST.
at 277 K

mft. cm

dR/dT
at 277 K
mft.cm.K-1

—
453
466
483
498
523
573

0.00
0.02
0.09
0.15
0.23
0.35
0.50

93.4
93.1
92.3
91.9
90.8
87.3

—

91.9
91.2
90.8
89.3
86.5
78.7

—

90.0
88.9
88.1
85.7
80.8

-
—

3.4
4.2
4.2
6.2
10.0
-
—

7
8
12
18
33
85
183

11x10~3

11x10-*
49x10-*

-95x10-*
-64x10-="
-39x10-°
- 1 4 x 1 0 " ••

The sample does not recover its original resistance behaviour
when annealed under flowing oxygen in the above mentioned
temperature range, indicating the irreversible nature of oxygen
loss.

-ISOMED Section

/1/ A L Robinson 1987 Science 236, 1063
/2/ S B Ota, L Varshney, T V Chandrasekhar Rao

and V C Sahni, Solid State Physics (India) 30C 228 (1987)
/3/ P Strobel et al 1987 Nature 327, 306

815. X-RAY DIFFRACTION ANALY8I8 OF YaBaCuOs (T.V.Chandrasekhar
Rao, S.B.Ota and V.C.Sahni)

Insulating, dark green Y BBaCu0 s is known to be the main
impurity phase in 123- superconductor. Moreover, this phase has
been used as the insulating barrier in the Josephson junctions
made out of the 123 superconductor. Therefore it would be
important to investigate its diffraction pattern in order to
quantitatively estimate this phase in the superconducting
material. A structural study of this phase produced by dry route
has been reported /1/. However, as coprecipitation is known to
ensure mixing of the constituents at a finer level and hence to
lead to the formation of single-phase products, it should be
preferable to dry route whereever possible. Accordingly,
coprecipitation approach has been followed and a preliminary
analysis of X-ray diffraction pattern of Y*BaCu0s compound were
presented/2/.

XRD was done with Cu Kv radiation. Three of the strongest
diffraction peaks obtained, in decreasing order of intensity,
were at the 26 values of 29.8,30.5 and 31.6 degrees. Present
results match well with those of Kitano et al /1/.
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/I/ Kitano et al 1967 Jap. Jour, of Appl. Phys.26, L394
/2/ T V Chandrasekhar Rao, S.B. Ota and V.C. Sahni, Solid State

Physics (India) 30C 227 (1987)

816. STRUCTURAL INSTABILITY IN L*«CuO»-.y (T.V-Chandrasekhar Rao,
S.B.Ota, L.Varshney-,Ch*S.Viswanadham-"*,K.B.Khan--*- and V.C-
Sahni)

There has been revival of interest in LaBCu0.»->- in the
context of high-Te superconductivity. La cCu0 4- y undergoes a
tetragonal to orthorhombic transition at a temperature Tm (
250°C), which involves the doubling of the Cu-0 basal plane in
J"2ax>T2a fashion and an orthorhombic distortion. Investigations on
the nature of this transition were presented earlier/1/.
Thermal expansion measurements were done on polished pellets.
These measurements show a bend at T»r,~230

c>C, which we associate
with the tetragonal-to-orthorhombic transition /2/. This is in
support of the viewpoint that the transition primarily involves
the basal plane doubling (due to Peierls instability), which does
not give rise to spontaneous strain. The thermal expansion
coefficient was found to be 8.8x10-*K--» for T<Tm and 13x10-^—'
for T>T»,. Laa--SrHCu0*_v. system has also been studied, with x
ranging from 0.0 to 0.1 and T m was found to reduce with
increasing x /3/.

+ISOMED Section, ++Radiometallurgy Division

T«V-Chandrasekhar Rao, S.B.Ota, L.Varshney, Ch.S.Viswanadham,
K.B.Khan and V.C. Sahni, Solid State Physics (India) 30C 229
(1987)

/2/ C.G.S.Pillai and A.M.George 1986 Int. J. of Thermophysics 7,
1091

/3/ R.M.Fleming et al 1987 Phys. Rev. B 35, 7191



317. EFFORTS IN LASER EVAPORATION FOR THIN FILMS OF YBa*Cu3O><
(P. Chaddah, T.P.5. Nathan*, G.L. Goswami+, Dilip Kumar+
and M.K. Malik**)

Superconducting films of YBaBCua07 have been reported using
co-evaporation from multiple targets, as also by sputtering from
a single superconducting target. Evaporation using high power
lasers from a single target have also been reported with laser
pulses of ~ 50 nsec duration. Evaporation method using pulses of
~ 1m sec duration has been attempted.A super conducting YBaRCu307

pellet /1/is used as the evaporation source. This is mounted in
a vacuum chamber maintained at 10~* torr oxygen. The pulse from
a Nd-Yag laser (X= 1.06 Mm) is focussed so as to attain a power
density of ~10* Walts/cmo. The laser power has oeen varied in
the region of 1 Joule per pulse to 10 Joules per pulse. The
parameters varied included the laser power and pulse duration,
Films with a composition, as determined by EDXRF /2/ to within
107. of the starting pellet are obtained.

The films have so far been deposited on quartz substrates.
The substrate is kept at ambient temperature. The as deposited
films are black but insulating. Microstructure studies clearly
show the existence of different phases of the Y-Ba-Cu-0 system in
these films. Various heat treatments are being tried in an
effort to obtain the YBaaCu30-T phase.

/1/ M.K. Malik et al , Pratnana 29, L 111 (1987)
/2/ M. Lai and R.K. Choudhury, to be presented at Symposium on

Analytical Spectroscopy, Hyderabad (1988).

•Laser Division, -t-Radiometallurgy Division, **Atomic Fuels
Division.

818. EXTEN8I0N OF BEAN'S MODEL TO HIGH Tc SUPERCONDUCTORS (G.Ravi
Kumar and P. Chaddah)

High Te superconductors have critical current densities (Je)
that decay sharply with increasing magnetic fields. Bean's model
/I/ for Je decaying exponentially with H has been solved by us
and virgin magnetisation curves and hysteresis loops have been
obtained. /2/ An anomaly in the hysteresis loop at H<Hc-i has been
predicted by us /2/ and such an anomaly has been confirmed /3/.
It has been shown by us that the shape of the anomaly can alter
significantly if the maximum field applied is not large enough,
and also that the use of the original Bean's model /1/ yields an
underestimate of Jc at low fields. Our ability to explain the
single crystal data/4/ implies that the exponential decay of Je
is intrinsic to high Tc superconductors. The low value (s0.2
Tesla) of the decay constant at 77K may preclude the application
of high Tc materials for generating magnetic fields.

/1/ C.P. Bean Phys.Rev.Lett. 8, 250 (1962); Rev.Mod.Phys. 36, 31
(1964)
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/2/ G. Ravi Kumar and P. Chaddah (communicated)
/3/ A.K. Grover, C. Radhakrishnamurthy, P. Chaddah, G. Ravi

Kumar and G.V. Subba Rao (communicated)
/4/ S. Senoussi, M. Ouessana and G. Collin (preprint)

819. A MODEL TO EXPLAIN THE RE8I8TIVE TRAN8ITI0N IN
SUPERCONDUCTING COMPOSITES (G. Ravi Kumar and P. Chaddah)

Critical currents in high current density superconducting
composites depend on the intrinsic fluxon - defect interaction.
Recently it was discovered that the critical current is often
limited by the nonuniformities (sausaging) along the length of
the filaments. In NbTi, Ti-Cu intermetal1ic formation at the
surface of the filament or the varying filament cross-section
itself can cause this sausaging. Warnes and Larbalestier/1/ have
presented an empirical method to detect this sausaging from
resistive transition measurement. They fit In V - In I (V upto
0.6 jiV/cm) curve to

In V n In I + c

They found that a composite with sausaged filaments shows a
flattened n vs H characteristic whereas an intrinsic composite
shows a characteristic with a steep constant negative slope.

However, to get the degree of sausaging, it is necessary to
take V - I data upto currents where V becomes linear in I. Now
the half width of daV/dI" is a measure of sausaging /2/. It is
often difficult to measure voltages accurately for currents well
above critical current. Therefore it is necessary to collect the
V-I data at a large number of current intervals (often more than
200), so that the data can be sufficiently smoothened to obtain
an accurate dfflV/dia.

V vs I was calculated from a model presented by us and this
could explain the empirical results /1/. The present results arB
better fit by the form

In V = a In I + b/ In I + c

which is valid in the whole region of the resistive transition.
This functional form allows one to obtain d"V/dIa from the fit
parameters a and b, using V-I data uptil Ie/3/.

As a corollary of our model,it was deduced that Ic(1 MvVcm)
vs H curve deviates from the intrinsic behaviour /4/ in the case
of sausaged conductors which is of significance in characterising
a superconducting composite.

/1/ W.H. Warnes and D.C. Larbalestier, Cryogenics 26, 643 (1986)
/2/ G. Ravi Kumar et al. Solid State Physics (India) 29C, 142

(1986)
/3/ G. Ravi Kumar and P. Chaddah (communicated)
/4/ D.C. Larbalestier et al Proc Flux Pinning Conf. Fukuoka
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820. CRITICAL CURRENT MEASUREMENTS AND THE DEVELOPMENT OF WIRES
OF YB*«CU30T- <M.K. Malik*, V.D. Nair*, R.V. Raghavan*, P.
Chaddah, P.K. Mishra, G. Ravi Kumar and B.A. Dasannacharya)

YBaaCu3O7 with a Tc ~ 90K and a critical current density Jc
(at 77K and zero field) of ~ 50 Amp/cma has been made by us /I/.
Bare wires of this material with a Jc ~ 100 Amp/cm11 were
developed by drawing wires in a copper sheath, etching out the
copper and firing the bare wire in oxygen /2/. Such brittle
wires of diameter upto 0.3mm were fabricated. superconducting
wires clad in silver, with a diameter of 0.5mm and lengths ~ 12
cm. were also developed. The Jc (1 Mv/cm) at 77K and zerofield
varied from 20 to 40 A/cmB /3/. Further efforts are continuing.

Efforts to develop texture in bulk YBa«CuaO-7- have been
initiated so as to use the anisotropy of this material to enhance
Jc. A greatly enhanced texture has been found on substituting 4
to 67. Ag«O in the reacted powder before the final sintering in
oxygen. There was also a growth of large-sized oriented grains
as seen by optical microstructure and electron microprobe. The
J< was enhanced to 225 A/cmB in this manner /4/.

/1/ M.K. Malik et al, Pramana 29, L 111 (1987)
/2/ M.K. Malik et al, Pramana 29, L321 (1987)
/3/ M.K. Malik et al, Solid State Physics (India) 29c p.249

(1987)
/4/ M.K. Malik et al, (To appear in Appl. Phys.Letts. 1988)

* Atomic Fuels Division

821. INVESTIGATION OF STRUCTURE AND STABILITY OF
QUASICRY8TALLINE AUCuMg* (M.K. Sanyal, V.C. Sahni, G.K.
Dey», and L. Varshney-)

Exceptional stability of quasi crystal 1ine phase/1/ in Al-
Cu-Li/Mg systems had been predicted/2/ nd large quasicrystals
have been produced/3/. To investigate the reasons of this
stability .we have conducted electron microscopic, differential
scanning calorimetric (DSC) and x-ray diffraction studies on the
phase transition in Al*CuMg« alloy. DSC measurements of
quasi crystal 1ine Al*CuMg4 samples, prepared by usual melt
spinning method and characterized by electron diffraction/4/,
were performed on Mettler TA3000 thermal analysis system. Our
study reveals, for the first time, that quasicrystal1ine to
crystalline phase transition in Al«.CuMg« system is an
endothermic process in contrast to the reported exothermic
crystallization in quasi crystal line Al-Mn alloy. This result
suggests that quasi crystalline phase of this aluminium rich
ternary alloy Al*CuMg« is more stable as compared to it's
crystalline phase and it should be possible to grow large sized
quasicrystals of this alloy. It was observed/5/ that the
activation energy of this phase transition in Al*CuMg« is 62
Kcal/n.ol, which is similar to that observed in Al-Mn system (53
Kcal/mol).

The X-Ray diffraction study /6/ of this quasi crystalline to
crystalline phase transition was done using both energy
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dispersive X-ray diffraction (EDXRD) technique and conventional
angle dispersive diffraction (in Siemens D-500 system). The EDXRD
patterns of this study was collected in a microprocessor based
set up /7/. This set up consists of a Tungsten target X-Ray tube,
a high purity Ge-detector and a multiple microprocessor based
data acquisition and processing unit. The diffraction pattern of
quasi crystalline Al^CuMg* was indexed both by six dimensional
indices and by the icosahedral indices. Analysis of X-ray data
reveals that the quasilattice constant (ar) of this alloy is
5.21A and it is related to the lattice constant ( a ) of the
crystalline phase <14.35A) of this alloy as Ca=ar(4+8/J"5)"'"I.
This result confirms that the local structure of quasi crystal 1ine
and crystalline phase of this alloy are not very different/8/ and
is consistent with the fact that the enthalpy change (15 cal/mol)
in the crystallization of this quasi crystal 1 ine Al*CuMg« all--/ i5

much less than that (560 cal/mol) reported for quasicrystal1ine
Al-lin alloy.

Structural analysis/9/ of the transformed crystalline phase
suggests that some of the lattice sites, which define the
vertices of triacontahedron - the basic volume element of three
dimensional Penrose tiling for this system - are fractionally
occupied (occupancy 0.3).

/"I/ D. Shechtman, I.
Phys.Rev.Lett.53

/2/ P. Villars, J.C.
Phys. Rev. Lett.

/3/ B. Dobost, J.M.
Nature 324, 48 (

/4/ M.K. Sanyai, V.C
/5/ M.K. Sanyai, V.C

Phys. Rev. B 38,
/6/ M.K. Sanyai, V.C
/7/ M.K. Sanyai, V.C

Anal. Instr.,16,
/8/ C.L. Henley and
/9/ M.K. Sanyai, V.C

Bloch, D. Gratias, and J.W. Cahn,
1951 (1984).

Phillips and H.S. Chen,
57, 3085 (1986).

Lang, M. Tanaka, P. Sainfort and M. Audicr,
1986).
Sahni and G.K. Dey,Pramana 28,L709 (1987).
Salini, G.K. Dey and L. Varshney,

E443 (1987).
and G.K. Dey, Nature 328, 704 (1987)

Das,
Sahni
Sahni and G.P

281 (1987).
V. Elser, Phil. Mag B 53, L59 (1986).
.Sahni and R. Chidamabaram (in press)

•Physical Metallurgy Division, +ISOMED Section.

822. STRUCTURAL RELAXATION IN AUCuMg* QUASICRY8TAL (M.K.
Sanyai, V.C. Sahni, L. Varshney", G.K. Dey* and S.
Banerjee* )

There has been a discussion in the literature concerning
the generation of disorder in a three dimensional Penrose tiling
during a realistic growth process and the occurance of defects,
such as dislocations in as quenched quasicrystals /1/. The
relaxation of these structural disorders in quasicrystal1ine
Ala^Mn-14 has been observed experimentally through a calorimetric
study by Chen et.al. /1/. Here we report similar study in as
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quenched Al*Cutig* quasicrystal through a DSC measurement using
Metier TA3000 thermal analysis system.

Guasicrystal1ine Al^CuMg* was prepared by using usual rapid
solidification process and it was characterised by electron and
X-ray diffraction /2/. Specific heat of this quasi crystal 1ine
alloy was measured using Metier TA3000 thermal analysis system
and the results are displayed in Table 1. It is observed /3/ that
the specific heat of the quasi crystal line alloy reduces gradually
from -I.OSJ/gm.K at 330K to the Dulong Petit value 0.84J/gm.K
around 420K. Similar behavior was observed in case of
quasi crystalline Ala^Mn-f^ alloy and it has been attributed to
structural relaxation of the quasi crystal 1ine phase. To confirm
that the specific heat reduction is connected with structural
relaxation we repeated the DSC scan. It was observed that if the
sample goes through this temperature cycle (330K - 420K) once,
then this temperature dependence of specific heat does not show
up again but instead one finds a flat C p value of 0.84J/gm.K
(Dulong Petit value) over the sams temperature range. In order to
examine the nature of structural relaxation EDXRD study was
performed. Preliminary results show that there is no noticable
difference in the X-ray diffraction pattern of as grown
quasi crystals /4/ and that of a sample taken through the
temperature cycle (330K - 420K) over the q range from 2.4 A~1 to
6.0 A-"1.

TABLE-1 s temperature dependance of specific heat in
quasicrystalline Al*CuMg« alloy.

Temp.(K) s 333 343 353 363 373 393 413 433 453
C»(J/am.K) s 1.08 1.05 0.97 0.91 0.90 0.91 0.92 0.86 0.86

Temp.(K) •• 473 513 533 553 573
Cp(J/gm.K> : 0.84 0.84 0.85 0.85 0.84

H.S. Chen and C.H Chen, Phys. Rev B33,688,1986
/2/ M.K. Sanyal, V.C. Sahni, G.K. Dey and L. Varshney,

Phys. Rev B36,2443,1987.
/3/ M.K. Sanyal, V.C. Sahni, L. Varshney, G.K. Dey and

S. Banerjee, Solid State Phys. (India),30C, 114 (1987).
/4/ M.K. Sanyal, V.C. Sahni, G.K. Dey, Nature 328,704,1987.

-Physical Metallurgy Division, *ISQMED Section.

823. MATRIX EFFECTS IN AUGER ANALYSIS (N.C. Jain)

The Pamler model /I/ of matrix effects for Auger analysis
becomes ineffective for Ag-Pd data reported by Sekine et al /2/.
An attempt is made to solve this problem by modifying Pamler's
formalism. The relative sensitive factor K is evaluated from the
following modified Pamler equation:
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K =
(€ - IB) I A . I B

where I A and I B are the normalised experimental Auger intensity
of element A and B respectively in the alloy and € is a new
factor that takes into account the difference in escape depth of
Auger electrons associated with the different elements in the
binary alloy. An iteration scheme was used for calculating the
optimized K and € values. Table 1 gives the different values of K
and € evaluated by the above method from the experimental data
on I* and LB corresponding to Ag-Pd, Al-Cu and Ni-Pd alloys.

Table 1

Calculated values of K and €

System IA I B

Ag-Pd 0.312 0.576

Al-Cu

Ni-Pd

/1/ Ul. Pamler Surface Science 152/53 911 (1985)
/£/ Sekine, K. Hirata and A. Morgami, Surface Science 125,

565 (1983)

8S4. SENSITIVITY FACTORS FOR KLaaLsa TRANSITIONS FOR LIGHT
ELEMENTS IN AUGER ELECTRON SPECTROSCOPY (N.C. Jain)

Calculated value of Auger sensitivity factor shows good
agreement with experimental values in the case where elemental
standards are readily available and large discrepancies in the
case where elemental standards are not available. For example,
using Fe <LaaM»sM4S> transition as a reference (for which the
experimental sensitivity factor and the theoretical value of the
factor are in good agreement) the sensitivity factor for the
0 (KL-aLaa) transition is found to be 1.61 as compared to the
calculated value of 0.66. This difference cannot be explained
due to the errors in the calculations of various components
contributing to the estimation of the sensitivity factor for the
O(KL«3L«a> transition. The relative sensitivity factors for

0.050
0.240
0.400
0.820

0.734
0.600
0.429
0.269

0.950
0.800
0.660
0.300

0.128
0.350
0.585
0.816

experimental

K

1. 185

1 .000
1. 748
1.738
1.990

1.064
1.114
1.248
0.553

data

0.830

1.000
1.000
1.000
1.000

0.480
0.870
1.000
1.000
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KLaaLsa transitions in Auger electron specstroscopy are
calculated for various Z materials. The expression used to
describe the Auger transition probability was modified to include
the probability of KLBaLSa transition in all (KLL) transitions.

TABLE 1.

Comparison of probability fraction fKX» and sensitivity factor
for Major Auger Transitions in different elements.

Auger Probability

Element Trans

B
C
N
0
F
Na
Mg
Al
Si
Al
Si
Cr
Mn
Fe
Co
Ni
Cu
Zn

KLaaLaa
KL.aL.a
KL.aLaa
KLsaLsa
KL.aL.a
KL.aLna
KL.aL.a
KL.aL.a
KL.aL.a
LaMM
LaMM
LaM.aM*
LaM.aM^
LaM*»M*
L»M«a.M«
LaM*»M*
LaM«»M»

. energy
(ev)

168
272
381
510
647
800
995
1189
1619
66
91

a 529
s 589
a. 703
=. 775
a. 848
a. 920
s 991

fraction

Payling"

1.00
1.00
1.00
1.00
0.77
0.72
0.63
0.73
0.71
1.00
1.00
0.42
0.31
0.37
0.48
0.60
0.64
0.65

ours

0.23
0.23
0.41
0.54
0.65
0.73
0.73
0.73
0.73
0.15
0. 15
0.41
0.41
0.37
0.44
0.50
0.63
0.63

Sensitivity Factor

Exptb-e

1.85
2.15
3.08
6.00
7.38
3.39
1.85
1.00
0.62
0.85
1.28
1.52
1. 14
1.00
1. 14
1.24
1. 14
0.91

Ours

3.62
2.59
4.21
7.50
7.50
1.45
1.79
1.00
0.67
1.67
1.25
1.36
1.30
1.00
1.14
1.20
1.32
1.03

a) values are taken from table 1 in reference /2/
b) experimental values are taken from Fig 1(b) in reference /1/
c) values are normalised to Al for KLL and to Fe for LMM

transitions.

A comparison between experimental /I/) and the calculated values
for the sensitivity factor is given in Table (1). The calculated
sensitivity factors agree very well with the experimental values
for most of the transitions except three transitions to within an
error of ±25'/..

/1/ Mrozcowski S and Lichtman D, Surface Science 131, 159 (1983)
/2/ Payling R, App. Surface Science, 22/23, 215 (1985)
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S25. SURFACE COMPOSITION OF Cr-Ft ALLOYS USING AES (N.C. Jain and
Lalit Kumar+)

Composition of a surface layer of an alloy is generally
different from that of the bulk material. A method based on
minimizing the Gibbs free energy of the total system was used /I/
to calculate the surface composition of several binary alloys.
The calculations were carried out for different crystallographic
planes eg.(111), (110) (100) and compared with the experimental
results in the literature /2/. The experimental data is the
integrated effect of the different planes at the surface.lt is
also an integrated effect of the signal from different layers uf
the whole sample, so the above comparison is not realistic.

In the present work, our earlier calculations of Cr-Fe
alloys are improved by taking a weighted average for the
different planes. On the basis of the stability criteria, the
weights are taken proportional to the Boltzmann factor /3/ for
different planes in a bcc structure. The concentration of Fe
present in the surface is calculated for different bulk
experimental results from five samples of Cr-Fe alloys with

Table 1

Concentration of Fe (atomic fraction) in Cr-Fe alloys, as
determined by various methods.

Sample Pulk
value

Calculated Experimental value of 1(2)
1(2) peak to peak area

method method

0.028
0.273
0.520
0.714
0.978

1
2
3
4
5

0.144
0.350
0.520
0.730
0.945

0. 144
0.336
0.467
0.650
0.931

0.068
0.277
0.520
0.683
0.964

composition of Cr-Fe alloys. The total signal I(n) expected from
n atomic layers is then computed from the Gallon's /4/
expression.

where I(a>) and 1(1) are the concentrations of Fe in the bulk and
that in the first atomic layer of the surface respectively. Since
the Auger signal mainly comes from the first few atomic
layers,calculated values of I(n) for n=2, are compared with the
varying concentration of Fe (14X-95X). Auger electron
spectrometer (CMA) (Physical electronics industries, model 551)
was used for data analysis. The comparison between theory and
experiment are given in table (1/. It is seen that a good
agreement is obtained for all the measurements except the first
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where iron concentration is very small.

/1/ N.C. Jain and V.C. Sahni, Nucl.Phy & Solid State
Phy (India) 22C, 711(1979)

/B/ F.J.Kuijers & V.Ponec, Surface Sci. 68, 294 (1977)
/3/ T.E. Gallon, Surface Sci. 17, 486 (1969)
/4/ E.A. Gugenheim, Mixtures, Oxford Press (1952), P.17

826. UNIVERSAL SCALING LAM FOR FIRST ORDER PHASE
TRANSFORMATIONi LiKSO* (M.L. Bansal and A.P. Roy)

Nucleation and growth are important characteristics of a
first order transformation. A key concept in the study of
overall trsansformation kinetics is the universal scaling
behaviour.

1.0
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z 0.4
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C,/ = 'i rnin. •
C = 3.1 min +

72
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If a crystal undergoing phase transition at T c is suddenly
cooled to a temperature T below Tc, the transformation rate tc
new phase depends upon the temperature (T c-T). A characteristic
scaling time X isa is defined for each temperature through Tne
relation X (T i^«> = 1/2, where X(t) is the fraction transformed
to new phase at time 't'. Universal scaling behaviour states
that all these plots of X(t) vs t/T-iy* lie on a single universal
curve.

In order to test the validity of the universal scaling law
we have investigated transformation kinetics in LiKSCU
(C*.* ' ° 1 % C3v*) by Raman scattering. Rate of evolution of the
lower temperature phase has been monitored with the crystal
temperature maintained at 198K, 195K and 192K. These three
measurements lead to Ti'« of 4, 3.2 and 3 minutes respectively.
X(t) vs t/Ti^« plots lead to a single curve indicating universal
scaling behaviour (Fig 1).

It was also possible to monitor the buildup and decay of
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dynamical fluctuations in the system associated with
reorientation of SCU ions across the phase transition. The
characteristic time T-t^was measured to be EO mts at Tc "" 201K.
It is noteworthy that a plot of X(t> vs t/Ti/« deduced from this
measurement lies on the universal curve (Fig.1).

8E7. RAMAN SCATTERING STUDY OF HgTt (Alka Ingale, M.L. Ban sal
and A.P. Roy)

HgTe provides an interesting example of zero-gap
semiconducstor in which electronic excitation energies are
comparable to phonon energies. As Raman scattering results
reported so far in the literature are rather limited, a detailed
inelastic light scattering investigation of HgTe over a range of
temperature has been undertaken by employing different exciting
lines from He-Cd and Ar* laser.

Back scattering measurement from the (100) face has revealed
presence of coupled LO-plasmon modes (L~ & L1*") . The other
remarkable feature which emerges is that 1_~ mode frequency lies
above the TO mode. This suggests that explicit wave vector
dependence in the dielectric function €(q,w) will have to be
taken into account for analysing the result. Resonance
enhancement of LO intensity is seen at longer wavelengths of
exciting radiation (* = 5145A) as one approaches the Ei energy
gap.

828. 8TATIC AND DYNAMICAL MtiBBBAUER STUDY OF LIGHT INDUCED
VALENCE 8TATE CHANGES IN IRON (II) MODEL C0MPLEXE8 OF
PH0T08YNTHETIC BACTERIAL REACTION CENTRE (K.R.P.M.Rao,
Subhash Padhye and Prafulla Garge)

Electron transfer in the photosynthetic bacterial reaction
centre (RC) is mediated through an iron-quinone pair which is in
close proximity of high-spin ferrous ion at the RC site. The
primary acceptor quinone (QA) Fe(II) complex accepts an electron
from the reduced bacteriopheophytin dimer (BPh) and transports it
further to the secondary quinone acceptor (Q»> during the
bacterial photosynthesis. High-spin iron (II) complexes of ortho-
functional ized p-quinones are known to be spectral and stuctural
analogs of bacterial RC. A possible role of the ferrous ion could
be to facilitate electron transfer from Q» to Q B during
photosynthesis. In an attempt to understand and demonstrate the
role of iron, static and dynamical (time-resolved) Mdssbauer
spectroscopic studies n of light induced valence state changes in
high-spin iron (II) model complexes of ortho-functionalized p-
quinones, illuminated with near IR radiation synchrnously during
only one half of the Mdssbauer cycle and without any illumination
during the other half of the cycle ,were carried out. A typical
dynamical (time-resolved) Mbssbauer spectrum of the parent p-
quinone complex is shown in the Fig.1.
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It is clearly seen from the dynamical spectra shown in the Fig 1.
that at least part of the high-spin ferrous iron

UJ
i
<
a:
2
g.844_J
o
UJ

ce..764.

^ =. £ . R ••CJf^F' *

-5.0 0.0 5.0

VELOCITY (MM/SEC)
5.0 0.0 -5.0

VELOCITY (MM/SEC)

Fig.1 Dynamical (Time-Resolved) Mtissbauer spectrum of p-quinone
model complex.

converted into high-spin ferric state during IR illumination and
that the converted ferric ion reverts back to ferrous state when
the IR is switched off. The present study indicates that the
iron ion of the complex constantly undergoes reversible
oxidation-reduction processes while affecting electron transfer
from QA to Qm during photosynthesis and that the time taken for
the valency switching is less than 25 msec.

1. K.R.P.M.Rao and P.K.Iyengar,
Phys. Letters JJ5, 187 (1966)

829. BUPERPARAMAGNETISM, BPIN GLASS BEHAVIOUR AND 8P1N RELAXATION
IN LiAl3.*Fti.«O«i A MfiSBBAUER STUDY (S.C. Bhargava)

It has been of great interest to differentiate
superparamagnetism from the spin glass freezing. Macroscopic
methods and the neutron diffraction technique have been used for
the purpose. In some cases, in particular in oxides, Mossbauer
spectroscopy provides an ideal method to unambiguously
distinguish the two.



- GO -

In the present study, Mossbauer spectroscopy has been used
to show the presence of superparamagnetism, spin glass freezing,
and ionic spin relaxation in LiAU.^Fe., .«CU. The spectra have
been obtained in the temperature range from 4.2 to 40 K using
external fields of 50, 10, 5, and H kG. The Neel temperature is
found to be 27 K using the zero velocity thermal scan method.

The spectrum in zero field at any T < TN consists of a
paramagnetic doublet and a magnetically split spectrum. The
intensity of the doublet increases with T. The application of
field rapidly decreases the intensity of the doublet which
becomes negligible in presence of 5 kG. This unambiguously shows
the presence of superparamagnetism. Further increase in the
field has little effect on the splittings or the relative
intensities of the lines, upto the field used in the study. This
shows the presence of spin glass type on freezing. The shapes in
the presence of fields < 5 kG are characteristic of ionic spin
relaxation.

830.

Fig

METASTABLE PHASES IN THE MODEL MEMBRANE, DPPE-H«O, AND THE
EFFECT OF THE ANTILEPROSY DRUG, DDS, ON THEM <K. Usha
Deniz, P.S. Parvathanathan, E.B. Mirza* and Geeta Datta-)

In the model membrane

~ (DPPE-HaO), with a water
to lipid weight ratio, X,
greater than 1.5, the Lrt
(gel) phase is a stable
one, whereas for X<1.5, we
have observed that Lrt is a
metastable phase which
gradually transforms into
a more (perhaps 3-
dimensionally) ordereu
phase, say, P-i. Annealing
experiments were carried
out with DSC in order to
observe this structural
change from L,, to Pi, in
<DPPE-HaO) with X = 0.5,
according to the following
procedure. The membrane
sample, after storage (for
at least 8 hours) at J ~
-20°C, was recycled twice
between 20"C and 80°C at
lO'/min. This was followed
by a scan through the

ancj (p,_».Lo,)) and chain ordering
at 5"/min. After annealing for a

64"C), the

20
(Hours)

1 A C M as a function
annealing time.

of the

chain melting (<L,i—*L»)
((L., t.Pi) and (L«>L r t

spetxfic period (X hrs.) at 40°C (well below Ten «
chain melting (CM) transition scan was again obtained at 5°/irun.
The increase in the full width at half maximum, A C M , of this
transition peak is indicative of the extent of transformation
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from Lrt to P-,. It can be seen from Fig.1 that for X I 6 hrs,
A CM remains constant, showing that the transformation to the
Pi phase stops at the end of this period, resulting in a mixed
phase system, with P, probably being the more dominant phase.
Preliminary X-ray results indicate that Pi is a more stable,
three dimensionally ordered phase. The effect of the drug, DDS
even at a molar ratio, Rm = 0.05, of DDS to DPPE, is tj
stabilise the gel phase. This is seen from the fact that
A CM for the drug doped sample increases to nearly saturation
ieveltFig, 1) only after much longer period ( "C z 2.0 hours) of
anneal ing.

/I/ BARC-137S, S12, p.56 (1987)

+ Water Chemistry Division # Biochejrii st ry Division

831. 1H NMR STUDY OF WATER TRAPPED IN REVERSE MICELLES OF DPPC
IN CDCla (K. Usha Deniz, Geeta Datta* and
P.S. Parvathanathan)

Our earlier NMR work"1 with DPPC in CDC13, had shown that
for DPPC concentration > 6 mM, DPPC exists in the form of
reverse micelles. This was clearly indicated by the chemical
shift, 6nxa? of the water impurity in CDC13. This impurity
water is trapped inside the reverse micelle and interacts

Fig. Chemical

100 200
[H20]m M

shift, <Sn, versus

300

concentration, CHSO3,
of water. The line is a guide to the eye.

strongly with the DPPC head group, specially with the phosphate
group within it. The present experiments were carried out to
ascertain the maximum amount of water that these reverse
micelles can trap and to observe the water concentration at
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which 'free' water (that is, water molecules interacting with
each other only) would start appearing in the trapped water.

The concentration, CDPPC3, of DPPC in CDC13, in our
experiments was 11 mM. Small aliquots of water were added to
this solution, varying the water concentration, CHaO3, from
nearly zero (impurity water concentration say, 6 mM) to about
600 mM, beyond which a phase separation was observed. As CH»OD
increased from 6 to 600 mM, (1) the H«0 resonance shifts
downfield with 6n o changing from 2.97 to 3.73 ppm (Fig.1)
showing that water has started sensing a more polar environment,
but the value of dn^o is very different from that of free water
(4.8 ppm), (2) the choline group resonances shift upfield, the
shifts being largest for the CHa and CHa-N

+ groups, showing that
these groups are affected most by the trapped water, perhaps due
to changed choline group conformation, (3) the splitting of the
glycerol CH»-Q-P line disappears, due to HBO-phosphate group
interaction, (4) the two triplets of the (CH«-CO-) groups in the
two acyl chains get well separated so that all six lines can be
observed, indicating that water does not interact with the two
chain C=0 groups to the same extent and (5) the resonances of
the rest of the chain protons are mostly unaffected. Our
results indicate that water must be interacting with the
choline, phosphate and the C=0 groups of DPPC for CHB03 < 250 mM
and also with itself for higher values of CHSOD.

/I/ BARC-1378, S14, p-59 (1987).

* Biochemistry Division.

S32. BOUND WATER IN DPPC-LYSOZYME-WATER SY8TEM8 (K. Usha Deniz,
P.S. Parvathanathan, Geeta Datta* and E.B. Mirza~)

DSC measurements of ice-water transition enthalpy, AHi u,
for the DPPC-lyso2yme-water systems, have been carried out. The
water to DPPC weight ratio in these systems was 2 and the molar
ratio, rm, of the protein, lysozyme to DPPC was varied from 0.02
to 0.05. If one assumes that (a) the bound water does not
freeze and hence cannot contribute to the ice-water transition
enthalpies and (b) that bound water remains the same from the
ice-water melting temperature to the chain-melting one, then one
can estimate the number of water molecules, nbw, bound to (1DPPC
+ rn lysozyme) molecules in the chain ordered state of our
system in the folowing ways

n L = n'bw(exp) = nw ...(1)

and AH t w ^re the transition enthalpies of the pure water
and of the sample respectively and nw is the number of water
molecules available to (1DPPC + rm lysozyme) molecules. n b w

can also be calculated from,



rtbw — n c.w ( c a 1) ntow(DPPC) nbw<lysozyme ...(2)

nbu)(DPPC) and nbv)( lysozyme) are the number of water molecules
bound to a DPPC and a lysozyme molecule respectively and are
found to be about 10 and 450 from our earlier experiments*1.
Table I gives the values of nbw(exp) and nbu(cal) as a function
of rm.

rm

nbw(exp>

0.0

25±6

19

TABLE

0.025

24±6

21

I

0.03

H7±5

23

0.04

29±5

28

0.05

39+5

33

We find that nbu(exp) > nbw<cal) for all rm, showing that
the DPPC-lysozyme interaction increases the bound water in the
system to some extent. Also the increase in nbu(exp) with rm is
consistent with the value, 450 for nbu(lysozyme); measured by us
earlier1.

/1/ P.S. Parvathanathan, E.B. Mirza, Geeta Datta and K. Usha
Deniz, Proc.V Nat. Symp. Thermal Anal. 4.22(1985).

+ Biochemistry Division * Water Chemistry Division

833. L.YSOZYME-DPPC INTERACTION IN DPPC-H.O 8YSTEM <K. Usha
Deniz, P.S. Parvathanathan, Geeta Datta* and E.B. Mirza"*")

The model membrane, DPPC-H«O, when heated from
temperature, undergoes the following phase transitions:

room

T ^

T*T, T C H and TCo refer to P_reTransi t ion, C.hain Melting and Chain
Ordering transition temperatures. Lrt. and Prt• are phases with
ordered acyl chains and L« is a phase with disordered chains.
The influence of the protein, lysozyme, on these transitions, has
been studied, using DSC. The water to DPPC weight ratio was
fixed at two in our experiments and this resulted in T R T ~ 34°C
and TCM » 41*C. The molar ratio, rm, of lysozyme to DPPC, ranged
from 0.00025 to 0.05, and the temperature range for DSC scans
was, 5'C < T < 55°C.

In the presence of lysozyme, the following interesting
features are observed: (1) The pretransition decreases in
intensity with increasing rm and disappears for rm > 0.015
(Fig.1). Scott Jr's theory"1 pictures this transition to be due
to rotational disorder of the acyl chains whereas others
conjecture it to be due to inter lamellar water* 'The latter seems
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Fig. 1 DSC scans for different lysozyme concentrations <rm).
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to be favoured by our results since lysozyme changes the
structure of interlamellar water. (b) The CM and CO transitions
develop high temperature humps at ~ TCM.co + 4°C. Their intensity
increases almost linearly with rm for rm < 0.03, but hardly
changes for rm> 0.03. These humps (CM*,CO') seem to be due to the
chain melting(ordering ) transitions of those OPPC molecules,
whose head groups interact with the protein present in the
interlamellar water. The transition temperatures, Ten,car the
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transition widths, A C M . C O and the total transition enthalpies,
A H C M , C Q ( = A H C M . C O + AHCM- ,co- ) are independent of rm (Figs.2

and 3) br.t AHcti-.ca- increase with rm and is ~ 0.3 A H C M . C Q for
rm = 0.05. These results indicate that (a) lysozyme does not
enter the acyl chain region of the bilayer, (b) 1ipid-protein
interactions are short-ranged, and that (c) groups of DPPC
molecules interacting with different lysozyme molecules do not
interact with each other. We are attempting to extend De
Verteuil et alB theory to our system in order to explain our
results.

/1/ H.D. Scott Jr. Biochim. Siophys. Acta 643, 161 (1981)
/Z/ F. De Verteuil, D.A. Pink, E.B. Vadas and M.J.

Zuckermann, Biochim. Biophys. Acta, 640, 207 (1781).

* Biochemistry Division + Water Chemistry Division

834. PROTON SPIN LATTICE RELAXATION TIMES IN THE So1 PHASE OF
HxBPA <K. Usha Deniz and B.R. Kasturi-)

*
The proton spin-lattice relaxation times, T-i measured by us

in the S a
1 phase of HxBPA at 15 and 40 MHz, has been analysed for

T < 328K using the following model for molecular motions. The
rotational diffusion motions make the dominant contribution to
the relaxation rates and hence other molecular motions are not
considered. The hydrocarbon chains as also the central rigid
portion of the molecule undergo anisotropic rotational diffusion
motion. Each of these two parts of the molecule is assumed to be
an ellipsoid with the rotational diffusion occurring about the
three principal areas of the ellipsoid. One of the principal axes
is a symmetry axis and the motion about the other two axes are
the same. For the chain, the symmetry axis is the chain axis
and for the central rigid part, it is the long axis of the
molecule. The correlation times for the motion of the two end
chains Are assumed to be the same. Using this model, the
relaxation rate, JT1 has been calculated using Woessner's
theory1:

where the first and second terms on the right hand side refer to
motions of the chain and rigid portions respectively.

3 Y*n« fr bc*
L = — fc and R = 4 ...(2)

40 be* fc br*

where Y= magnetogyric ratio, bc and br are the magnitudes of the
internuclear vector for the chain and ring (ortho-) protons
respectively and fc and fr are the number fractions of the chain
and ring (ortho-) protons, with
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fc and fr =
nc + nr nc + nr

where ne and nr »r* the number of chain and orthoprotons

T-.U) 4**(c>
F. = + 3

and F, =

1000

500

60

20

Mio
313 29'. 278 263 2b0

CO MHZ

>'., M i l l

. 1 . 1 I . I . I .-

3 2 3.', 3.6 3.8 ',.0

1OS/T(U"')

C T*(c), rc(c)D and rX*(r) are
correlation times for the chain and
rigid portions respectively and
CO = Hirt> , where "V = frequency.
Since we consider the diffusion
motion to be thermally activated,
we have taken the temperature
dependences of correlation times to
be,

and 6DT1 = = t i " exp<E<»i/k:»T)

Di and D«( = Da) are diffusion
coefficients for rotation about the
principal axes. Eq.(1) was fitted
to our data using L, X., * ( c) ,f»° < c ) ,
V ( r ) , E A 1(c), E*«(c) and E««(r)
as fitting parameters. The
value of br was taken to be 2.46/A
It is found that eq.M) fits our
data very well (Fig.1). The

parameters obtained from the best fit are given in table I. The
value of bcr calculated from L is 1.92A and this is in fairly
good agreement with that of 1.78A the distance between the
methylene protons.

Fig.1 Ti versus 103/T. Lines
represent best fit of eq.(t)

io-

45.
±0 .

* ( c )
i»s

11
63

10

0.
±0

133
.001

Zm
10-

103
±23

TABLE 1

•<»s KCul/Mole

.4 5 .34+0.01

.4

KCal/Mole

10.17±0.01

EA.(r)
KCal/Mole

4.85+0.04

/1/ D.E. Woessner, J.Chem.Phys.32r 647(1962)

* Tata Institute of Fundamental Research, Bombay.



833. X-RAY DIFFRACTION STUDIES OF THE LIQUID CRYSTALLINE PHASES
OF 30.3 <A,S. Paranjpe, P.R. Alapati-, N.V.S. Rao- and
V.G.K-M. Pissipati*)

X-ray diffraction measurements in various liquid-crystalline
phases of p-n-pentyloxy benzylidene-p-n-pentyl aniline (50.5)
have been carried out. 50.5 has the scheme of transitions:

za°c 47°C 49°C 53'C 78°C

Layer spacing, d, and the intermolecular separation, D, do not
vary much with temperature, T (Fig 1) in N and SA phases. In the

r
tCMTEMIUHC t

Fig.1 Fig. 2 Fig.3

Sc phase, D is comparable to that in the higher temperature
phases, whereas d decreases with T. The tilt angle, ©t, in the
Se phase has a large variation in the small temperature range of
about 4"C as compared to the variation Q0a few degrees in the
other members of this homologous series (Fig 21. As the
temperature is lowered below the Se phase, d reduces further
contrary to the expectation of a d value in the S B phase,
d«. ~ d.. , thus indicating this phase to be a tilted one. From
the x-ray diffraction photograph (Fig 3) this appears to be an SF
phase, as also confirmed by miscibility and microscopic studies.
This explains the large variation of 6t in this compound since
the other members of this series have an orthogonal S B phase
below the S c phase. 9* increases from about 23° to ~ H5°C in the
S F phase. A fit obtained for 9t.(T) using de Gennes' equation,
9*. = A ( T A ^ - T ) T gives T = 0.54 which is comparable with the mean
field value of 0.5, though very different from de Gennes' value
of 0.33. The modified scheme of transitions should include SR in
the place of SB.

*Dept. of Physics, Nagarjuna University, Nagarjuna Nagar (A.P)

S36. STUDY OF FRACTAL LIKE GROWTHS FROM SOLUTIONS
(A.S. Paranjpe and S.K. Paranjpe)

Pattern formation due to deposition of solute from solutions
spread on glass substrates is studied for four solutes: 1) CuCle
(H) CuSCU (3) iucrose and (4) lactose.Photographs of a few of the



patterns generated are given in the Fig.1 The results indicate
that s (i) In the presence of impurities, the patterns formed by
CuCla and CuSCU are fractal like (Fig.1 a and b ) . Big single
crystals grow from pure solutions. This indicates that impurities

Fig.1 (a) (b) (c) (d) (e)

effectively screen the long range ion-ion interaction, thus
promoting the fractal-like growth. <ii) In the case of non-ionic
solutions like that of sucrose or lactose, the observed patterns
are entirely different (fig c, d, e, sucrose). Lactose gives
only an amorphous deposit. Presence of small amount of impurity
( V/. NaCl) influences the growth patterns (compare Fig d and e ) .

Theoretical studies for interpreting these patterns should
take into account the intermolecular interactions and also the
particle shape, as our studies indicate these to be important.

837. DENSITY OF ELECTRONIC STATES OF TWO-DIMENSIONAL
POSITIONALLY DISORDERED SYSTEMS WITH WEAK ELECTRON-ION
POTENTIAL (K.V. Bhagwat, D.C. Khandekar* and S.V. Lawande*)

Our earlier work on the density of electronic states (DOS)
within the path-integral formulation of Edwards and Gulyaev /I/
revealed a marked difference in the behaviour of DOS for one and
three dimensional disordered systems /H/. This prompted us to
investigate the problem for a two dimensional system. Me find
that, as in the case of one-dimensional systems, for two-
dimensional disordered systems the DOS has the familiar
exponential tail in the "forbidden" region of energy. We feel
that the similarity in the behaviour of DOS for one and two
dimensional systems is perhaps related to the fact that all the
electronic states for such systems are localized.
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/!/ S.F. Edwards and Y.B. Gulyaev, Proc. Phys. Soc. 83, 495
(1964)

/2/ D.C. Khandekar, V.A. Singh, K.V. Bhagwat and S.V. Lawande,
Phys, Rev. B 33 5428 (1986)

•Theoretical Physics Division.

838. AC0U8TICAL. ACTIVITY OF CRYSTALS• A COMPARATIVE STUDY OF
THREE DESCRIPTIONS (K.V. Bhagwat and R. Subramanian)

There exist two apparently different descriptions of
acoustical activity - both having their origin in the property of
elasticity. One is due to Portigal and Burstein /1/ and is based
on the concept of spatial dispersion of elastic stiffness tensor.
The other is based on the rotation-gradient theory of elasticity
due to Truesdell and Toupin /£/ and Mindlin and Tiersten /3/. We
have analysed these two descriptions on a common basis of the
first gradient theory. A relation between tensors describing
acoustical activity in the two descriptions is obtained. It is
found that the description in terms of rotation-gradient theory
is rather restrictive whereas the phenomenological description
due to Portigal and Burstein can be obtained from fundamental
equations of elasticity due to Toupin.

/1/ D.L. Portigal and L.E. Burstein, Phys. Rev. 170 673 (1968)
/E/ C.A. Truesdell and R.A. Toupin, Encyclopedia of Physi cs, Vol.

111/1, (Springer-Verlag, Berlin 1960)
/3/ R.D. Mindlin and H.F. Tiersten, Arch. Rational Mech. Anal.11

415 (196E)



TECHNIQUES AND INSTRUMENTATION

(a) Nuclear Physics
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NIL TROMBAY VAN DE GRAAFF ACCELERATOR (Operation and Main-
tenance Section Staff)

The Model CN Van de Graaff accelerator which started
operation during February 1962, completed 25 years of opera-
tion during the period of this report. The accelerator is
still in demand by the users and is regularly under use on
the basis of 2 shifts per day, 5 day week operation. The
beams of protons and alphas of energy in the range 1 to 5
MeV are being used for Nuclear Physics experiments as well
as for applications in other fields.

An additional ion source gas bottle containing Helium-3
gas with 'thermomechanical leak control' has been incor-
porated in the high voltage terminal. This is to enable use
of BHe beam from the accelerator in nuclear reaction studies
in future.

During the year the accelerator was used for 148 days
for experiments while 99 days were required for maintenance.
The following studies were made with the beams by user
groups from Nuclear Physics Division, Analytical Chemistry
Division, Chemistry Division, Division of Radiological
Protection, of BARC and from the Tata Institute of Fundamen-
tal Research:

1. Sub—Coulomb proton and alpha induced fission.
2. Elastic scattering of alpha particles.
3. Channeling studies in crystals.
4. Trace element analysis with proton induced X-ray

emission.
5. Flourine analysis on the surface with nuclear reaction.
6. Testing the response of large Nal(Tl) detectors for high

energy gamma rays produced in proton capture reactions.
7. Radiation damage studies.

NI2. 2MV TANDEM ACCELERATOR - STATUS REPORT (M. G.
Betigeri, P.Singh, A.B. Parui and R. Mythili)

The 2 MV Tandem (Accelerator has been shifted to its
new location in the extension building of the Van de Graaff
Lab. The gas recxrculalion system has been installed using
the two diagonally opposite flanges on the tank to
facilitate better recirculation to improve the dew point of
the COa+NB mixture during operation. Following modifica-
tions have been carried out:

1. A number of sparkgaps were remachined and fitted to the
column section to obtain uniformly 3mm gap as per the
original design.

2. Nylon tie rods have been replaced as the old rods indi-
cated damage due to sparking leading to leakage paths.

3. Three viewer chambers have been installed - two on the
low energy side and one on the high energy side - to
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view the beam.
Power supplies for the ion source and magnet have been

fabricated. All the resister boxes were tested. The
column section and the stccelerater tubes were thoroughly
cleaned. Voltage tests for the column section were carried
out. A voltage of 1.8 MV was obtained on the terminal.
The accelerator tubes have been mounted and beam trials are
expected to start in the near future.

N I 3 . Fixed Frequency 30 MeV Cyclotron for Medical
Applications (Cyclotron team from Nuclear Physics
D i v i s i o n , Central W o r k s h o p , Technical Physics Pi vision
arid Prototype Engineering D i v i s i o n ) .

The design study on the compact 30 MeV cyclotiun wois
completed and detailed fabrication drawings were prepared
for the main m a g n e t , main coil, trim and valley coil
s y s t e m s , vacuum s y s t e m s , D-tank and ion s o u r c e . The watt art
the design of the RF system also reached final s t a g e s . The
requirements for the power s u p p l i e s , control and other
electronic instrumentation were also finalised. Tender for
the steel forgings and castings for the main magnet were
evaluated, but orders have not been placed as there has been
considerable cost escalation over the budget estimate and
allocation and definite decision on the building to locale
the cyclotron is also not reached. The samples of copper
conductor for the main coil received from local as well ,̂ s
foreign fronts were also tested. Some components havt been
ordered for the RF system. Using BEL 2 5 0 CX tetrode, a 200
watts power amplifier has been fabricated and is being
tested. The rotary pumps, roots pumps and gate valves,
required for the vacuum system of the cyclotron have been
tested. The approximate design for the central region i.e.,
the configuration of the central plug for achieving the
adequate focussing, the geometrical parameters of the ion
source, ion extractor and dummy dee have been computed. The
detail design procedure of stripping and extracting the beam
has been almost finalized. This method can give variability
in energy and as well as multiple beams from the cyclotron.

NI4. RADIO FREQUENCY QUADRUPOLE ACCELERATOR (R.C. Sethi/RFQ
Team)

To suit the available means and resources the design of
the RFQ accelerator was modified to 150 keV, 10 mA deuteron
beam. The design is based on the four rod, 0 mode A./2
concept. Deuteron beams of 19 keV will be injected into the
RFQ, which has a total length of 1 meter and minimum radius
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of aperture for beam acceleration as 1 cm. The accelerator
operating voltage is 55 kV at 45 MHz. The four electrodes
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are supported by 7 stems, each of 24 cm height. These stems
form the part of 0-V2 resonator. The whole assembly is
housed in a tank of 60 cm diameter. For matching the dc beam
to the time dependent restoring force, a radial matcher sec-
tion of 16 cm has been provided. The total rf power is es-
timated to be 10 kW. The theoretical studies indicate that
60'/. of the beam will get bunched into a narrow phase width
of 15° (1 ns). A view of the RFQ accelerator, under
construction, is shown in Fig.1.

The fabrication of the various components of the ac-
celerator has begun. Two of the four electrodes have been
made and the remaining two are in progress. The fabrication
of the stems, grounding plate and the rf tank will be taken
up shortly. The work on the rf loop, impedence matching
network and the amplifier is in progress.

NI5. ISOTOPE SEPARATOR (Arvind Jain, F. R. Bathena, and E.
Shallom)

The "Retarding Beam Technique" facility, which was made
operational on the isotope separator in 1985—86, was further
developed in this year. In this technique, the ion beam is
first mass separated in the magnet, and then slowed down
(from 25 keV to a few hundred eV) before deposition. The
low energy of the ion beam reduces the sputtering coeffi-
cient to less than unity, making it possible to build up a
deposit on a suitable backing material. This has the added
advantage that a target is made insitu and valuable enriched
material is not wasted in a subsequent vacuum-evaporation.

A successful attempt was made to collect enriched
isotopes directly on thin, self-supporting carbon films. A
target consisting of 25 .ug/cm* of enriched asMg was
deposited on a carbon film of thickness 25 ug/cma, mounted
on a standard frame at the collector.

In order to produce a variety of ion beams of different
masses, a programme was undertaken to develop the ion
source. Most of the charge materials used in the ion source
&re in the elemental or chloride forms. Most of the
chlorides require operating temperatures in the region of
400 to 750° C. The ion source was modified to meet these
requirements for providing higher beam currents, larger oven
capacity and higher operating temperatures. The present
oven capacity for the chloride charges was very small, ex-
hausting the ion source charge material within 3-4 hours. A
large capacity oven was designed and installed in which the
chloride charges can last for more than 20 hours. This was
an important development for obtaining "practical" quan-
tities of deposits which require long collection times.
Proper thermal insulation was provided in the oven to raise
the temperature above 450° C with minimum heat losses. With
this. Nickel and Silver beams, which require a high operat-
ing temperature were made possible.
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A large number of new isotopes were separated scanning
the mass range A=20 to 120. Some of the beams developed
were:

Magnesium s •'•Mg, *aMg and **Mg, using magnesium metal as
charge material,

Zinc i **Zn, **Zn and **Zn using Zinc metal as charge
material,

Nickel : s*Ni, using chloride as charge material, and
Tin : •*'l*Sn, "•''•Sn and "'•oSn using chloride as charge

material.

A number of targets (>18) of enriched isotopes in the range
10 JJgm to 100 ug/cm" on carbon backings of thickness 20 to
100 ug/cm" were made for test purpose.

The system is now being geared for extended times of
continuous operation. A 2000 lit/sec diffusion pump has
been added to improve the operating vacuum near the ion
source. A glass view port for visual monitoring of the tai—
gets during different stages of deposition has been
introduced. A movable flap has been introduced to protect
the fragile carbon films during beam tuning and optimization
at full energy. The ion source oven re-charging has been
made to coincide with the filament change, thus minimising
the need to break the operating vacuum. These additions
have resulted in a smoother operation of the facility with
enhanced beam currents.

NI6. GENERAL PURPOSE SCATTERING CHAMBER (A. Navin, C.Badri-
nathan,* A. Chatterjee, S. Kailas, S.S. Kerekatte,
Suresh Kumar and A. Roy*)

The fabrication of the main body of the 12 sided "M m
diameter stainless steel scattering chamber was completed at
the TIFR workshop. The vacuum testing of the chamber as
well as the T-section connecting the chamber and the dif-
fstack pumping system was done using a direct drive rotary
pump. A few welding leaks were located in the T-section.
The leaks in the chamber were mainly due to the Al wire gas-
kets used for fixing the side flanges not getting pressed
uniformly. This was verified by replacing the wire gaskets
by neoprene rubber sheets. In the preliminary tests, a
vacuum of the order of 1Q-* Torr could be obtained in the
chamber pumped by a rotary pump.

The fabrication of the other components of the chamber
- movable arms, detector mounts, collimators, target ladder
etc. are at an advanced stage of being completed.

•T.I.F.R., Bombay
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NI7. STATUS OF SHRI: SEPARATOR FOR HEAVY RECOIL IONS
(P. Singh, M.G. Betigeri, M.L. Jhingan**, S. Nagaraj**
and A. Roy*)

The design study of SHRI have been completed. The
layout of the spectrometer is shown in Fig. 1a. The system
consists of a magnetic quadrupole doublet followed by a
mirror symmetric configuration of two 20° electric dipoles
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<ED1 and ED2) and one 40° magnetic dipole (MD). Maximum at-
tainable electric and magnetic rigidities were chosen con-
sidering the various target- projectile combinations planned
for the BARC-TIFR pelletron accelerator.

The beam optics calculations have been done with the
computer codes 'TRANSPORT' and "TRIO1. The distances be-
tween the various components and the entrance/exit pole face
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rotation of the magnetic dipole have been optimized to ob-
tain spatial and energy focussing at the detector position.
The computer calculations indicate that at no place, the
deviations, x and y, from the central axis, in the disper-
sive and nondispersive planes, respectively, a.re more than 6
cm as shown in fig.1b. The electrostatic deflector plates
Are separated by 12 cm, across which, a maximum voltage of
400 kV can be sustained. The radius of curvature of the
electric deflector is 4m giving an electric rigidity of 13
MV. The maximum magnetic rigidity required is 10 KG-m, and
the radius of curvature was chosen to be 1.4 m with 'the mag-
netic field of ~7 KG which is easily attainable. The total
length of the spectrometer is 8m.

A mass spectrum calculated by Monte Carlo simulation is
shown in Fig.2. Each peak contains '10,000 rays that origin-

95 96 97 98 99 100 101 102 103 104 105

o i.ooo

60 80 100 120 UO 160
X in mm

MASS DISPERSION OF SHRI

FIG.2 •

ated with random coordinates uniformly sampled within the
angular range ;<' = ± 50 mr; y* = ± 25 mr; a beam spot size of
1 ;< 1 mm and an energy spread A E = ± 107.. The detailed
calculations indicate that a mass dispersion of 11 mm/7. is
feasible. The maximum acceptable solid angle works out to
be 10 msr.
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The work order for fabrication of magnet and its vacuum
| chamber has been placed with Central Workshops, BARC and

fabrication is being started.

"•T.I.F.R. , Bombay

NIfi. BEAM DYNAMICS CALCULATIONS FOR THE INJECTION PATH OF
THE SUPERCONDUCTING LINAC BOOSTER (D.C. Biswas and
R.G. Pillay-)

The injection path of the proposed superconducting
LINAC booster at the BARC-TIFR pelletron accelerator center,
will contain three identical 90° bending magnets. This
requirement arises due to several considerations like space,
charge state selection, longitudinal emittance matching,
etc.. Any pair of the bending magnets would be used in con-
nection with a quadrupole triplet as an achromatic 180°
bend, while the third as a simple double focussing 90° bend.
To satisfy the optimum layout the bending magnets are
required to have a double focussing property for object and
image distances of 75 and 150 cm (or vice versa). These
distances are arrived at with the bending radius of the mag-
nets' assumed to be 75 cm. This bending radius would be
adequate for all possible injection beams if the magnet is
capable of generating a maximum field of 13 kG. The
entrance and exit pole angles to satisfy double focussing
were computed to first order under sharp cutoff field
approximations, and are 52.4 deg and -3.7 deg (or vice versa
for interchange of object and image distances) respectively.
The- > results are obtained using TRANSPORT CODE in cyber
comt.ter for first order calculations.

At tc?r acceleration from the pelletron the beam will be
collimated and focussed by a slit and quadrupole triplet.
The chopper will clean the dark current present in the beam
due to bunching effect of low energy buncher. A stripper
foil is used after the chopper to get higher charge states.
The collimated beam will be bend by a 90 deg double focuss-
ing magnet of *=75 cm and it will select the desired charge
state. Although it will give some spread in time (ps), the
superbuncher will take c&re of it. The low energy buncher
will give ns bunched beam and finally the super buncher will
bunch the ns beam to ps beam at the injection point of the
first R.F. resonator. The action of the next two magnets on
time spread are opposite to a monoenergetic beam (dp/p-O)
and as a result the time spread caused by the first magnet
will be compensated by the second magnet. These two magnets
are called the achromatic pair. For a beam with dp/p=O
passing through the achromatic pair will not give overall
timespread in the beam and by the action of the superbuncher
the time is focussed at the first resonator.
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In summary, the 90° bending magnet specifications are:

a) Maximum field : 13 kG
b) Bending radius : 75 cm
c) Object distance : 75 cm
d) Entrance Pole angle : 52.4 deg
e) Image distance •• 150 cm
f) Exit Pole angle : -3.7 deg
g) Magnet chamber internal cross section : 3.0 cm X 6.0 cm
h) Object & image distances are interchangeable & Pole

angles s!so changes accordingly.
i) Minimum higher order aberrations,
j) Magnet chamber should have different section throughputs

and guides.

~T". I.F.R. , Bombay

NI9. DESIGN STUDIES OF A PROTDN-PION HODOSCOPE (S.K.
Chaiasi", S.K. Gupta and A. Chatterjee)

An experiment to study the *Li(p,A**)*He reaction at
400-500 MeV energy range has been planned at the Indiana
University Cyclotron Facility USA"1'. The determination of
the directions of the decay products - protons and pions of
the isobar 4** by a hodoscope in coincidence with the
recoiling *He gives kinematically complete information. It
has been decided to use a disk-shaped detector as a hodo-
scope and place it across the beam direction. This detector
is a combination of multiwire proportional counters and
scinti1lators.

We have calculated the geometrical efficiency of such a
detector for pions and protons individually and in coin-
cidence with each other as a function of the relativistic
invariant the squared four-momentum transfer t which is cal-
culated as*'

t=Mpa+MB-2(Mp+Tp) (M4+Td )+ZCos9A (Tp
a+MPTP) •>'*(T"+2M4TA ) "

B

where Mp, T p is the mass and the incoming kinetic energy of
the proton and 1*14,14 is the mass and the kinetic energy of
the delta. 6^is the angle between the delta and beam
direction. The quantities M^,^ and e^would be obtained from
the recoil detector. This geometrical efficiency has been
calculated by using two body relativistic kinematics in two
steps. In the first step the kinematics of the reaction
p+*Li -» *He + /I**" gives the kinematic energy of A*"*. In the
second step the kinematics for the decay, A**—^ p + V* is
calculated. In the second step angles of emission of proton
and pion are calculated. This calculation is performed for
various values of 64. The pion and proton efficiencies are
given by the following expressions.
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, fa

where Dw (or DP) has value 1 when pion (or proton) inter-
cepts the hodoscope and is zero when it fails to intercept.
eriAtor epA) is the angle between the directions of the pion
(or proton) and the delta. The factors w . and w. are an-
gular distribution functions in the lab. system and fe)w and
0 P are the azimuthal angles. Fig.') shows the efficiency as a
function of distance 7. of the detector from the target. The
inset in Fig. I shows schematically the detector target set-
up It is seen from the Fig.2 that there is a decrease in
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the dstection efficiency with an increase in ft| and m ^ .
However, even for m A = 1279 MeV the calculated coincidence
detection efficiency is found to be 20% for the target
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detector distance of 36 cm.

•"Reactor Analysis and Systems Division
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NI10. THE NUCLEAR REACTIONS IN SILICON AND GERMANIUM DETEC-
TORS AND PEAK INTENSITY LOSSES FOR HELI3NS (S. Kailas)

In many nuclear physics investigations, the silicon and
the germaniurn solid state detectors are used routinely for
the detection of energetic charged particles. Due to the
nuclear reactions which take place in these detectors, there
is a reduction in the peak intensity of the detected charged
particles. In the present work, the loss of helions by
nuclear reactions in Si and Ge detectors has been estimated.
The reaction cross section data for the helions interacting
with Si and Ge, for E upto 300 MeV and the range-energy data
for the helions in the above materials have been used to es-
timate the peak intensity losses for the helions in these
detector materials. It has been found that the corrections
to detection efficiency due to the reaction losses can be as
high as 10 to 157. for 300 MeV helions."

References

1. S. Kailas, Nucl. Instrum. Meth. A261, 497 (1987).

NI11. DATA ACQUISITION SYSTEM ON PDP11/23 WITH CAMAC INTER-
FACE (A.K. Mohanty, K. Gopal, A. Saxena, Aruna N.,
S.K. Kataria and V.S. Ramamurthy)

A multiparameter DAS has been set up which is based on
PDP11/23 computer through a CAMAC interface. At present the
system consists of a CAMAC crate with a Kinetic system model
3920 controller, a 12 input ADC, and a 6 input TDC. The
3920 controller is interfaced to the Q bus of PDP11/23
through a Kinetic model 2920 bus adapter card.

The system supports a loadable CAMAC driver for the
RSX-11M operating system. Based on this driver CAMAC
read/write and LAM handling routines are provided where by
the user programs can gain access to the various CAMAC
modules. We use the Lecroy model 22598 12-channel ADC and
8-CAMAC module. This DAS handles the events in interrupt
mode with a typical count rate of few hundred per second.

With setup facility of the software package, one can
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select required number of ADCs and TDCs. One also defines
the size of the Zist-buffers and singles spectrum. For
monitoring purposes one has the option of acquiring all the
singles spectra and displaying one by one using SINGLE or
live display of any two parameters (ADC or TDC) with SCATTER
routine. The display subroutines are available for VT125
and colour graphics terminal tektronix 4105 with an option
to take a hardcopy of the displayed spectrum. The singles
spectrum can be expanded and replotted on different scales
with various conditions selected by the users and also can
be stored in to the files with proper option.

During data acquisition, highest priority is given to
the recording of experimental data in list mode. One can
also sample the data and can do elementary data processing
to monitor the experiment on line. The multitasking feature
of RSX11-M operating system has been effectively used for
running several concurrent tasks with a master programme
controlling the execution of other tasks. Users can also
write their on line sorting routines which can be linked
with data acquisition programs.

In this setup data from ADCs and TDCs are acquired in
the interrupt mode. Although this method gives the
flexibility of selecting different kinds of events in an
experiment, it is much slower. Due to large over heads of
O.S. for interrupt servicing, the present maximum throughput
of the system is limited to 100 cps. Using a preprocessor,
resident in the CAMAC crate, one can increase the through-
put of the DAS considerably. We have recently acquired a
ACC (Star burst) based on J-11 processor of PDF family and
we are going to write a general purpose software for DAS
with the help of this STARBURST.

NI1H. IBM-PC AND CAMAC BASED MULTI-PARAMETER DATA ACQUISI-
TION SYSTEM (Aruna N., K. Gopal, Surendra Kumar and
S.K. Kstaria)

A CAMAC based multi-parameter data acquisition system
has been developed using an IBM-PC compatible computer.
Upto 16-parameter data can be acquired using this system.
12 input Lecroy ADC and 8 input TDC are placed in a CAMAC
crate. In addition to this, the crate contains an A2 type
crate controller (CC2089). This supports an Auxiliary Crate
Controller (ACC) which has been made inhouse. ACC is con-
nected to CC via an Auxiliary Control Bus (ACB). The IBM-PC
compatible computer (Eiko PC) has 256 Kbytes of memory, two
floppy drives, one Winchester disk and one tape cartridge
for backup purposes. It has a high resolution video display
unit with 740 x 320 pixels.

SOFTWARE CONFIGURATION: Data acquisition utilises 64 Kb
memory of the PC. IBM-PC has 10 functional keys which are
programmed to form the menu. One can specify the number of
ADCs/TDCs to be used, their station numbers, sub-addresses
etc. using the SET-UP key. Data acquired from these are
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stored in list buffers each of length 256 events in the com-
puter memory. Upto 16 single dimensional spectra each of
length 512 channels can be built. One can also observe live
display or static display of each of these. System is
capable of displaying a two-dimensional scatter plot of any
two of the parameters. The software is written in machine
language and in Basic.

An additional ACC has been fabricated1 and tested so as
to enable duplication of the data acquisition system. It is
planned to develop a DMA . inter face so as to obtain higher
counting rates.

NI13. AN 8-CHANNEL ADC MULTIPLEXER FOR USE WITH CAMAC HIS-
TOGRAMMING MODULE <K. Gopal, B.R. Ballal and S.K.
Kataria)

An eight channel ADC multiplexer has been built which
connects 8 LABEN ADCs to the Catnac Part Histogramming Memory
Module (HMM) through a private acquisition bus. By select-
ing the data acquisition mode in the HMM through camac
commands, one can either acquire data from up to 8 ADCs in
the list mode or build 8 independent singles spectra under
program control. The software has been written for trans-
ferring spectral data under program control to IBM-PC for
singles spectra and also for storing list mode multi-
parameter data onto the floppy disc for off-line analysis.
The time critical parts in the software were written in as-
sembly language and the rest in BASIC.

NI14. PULSE HEIGHT ANALYSIS WITH TIME CORRELATION (S.K.
Kataria, K. Gopal and Bency John)

In the present work, we are reporting an experimental
method to apply pulse height dependent deadtime correction.
For this purpose, we store two parameters for each analysed
pulse (see block diagram),

(i) Pulse height H from Laben ADC 8215 (10 bit
accuracy)

(ii)Time interval between previous pulse and the
presently analysed pulse <6 bit accuracy).

These two parameter data (1024x64) are stored in a 64K
channel histogramming memory module in Camac crate con-
trolled by an IBM-PC. The HMM unit has built in DMI mode
and 3 byte channel capacity. The IBM-PC is used for data
display and analysis. Preliminary results (see fig) implies
that at moderate count rate with an average dead time of
20X, the correction factor depends appreciably on the pulse
heights. In another application of the present set up, one
can measure the effect of different lower cut offs in time
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811. INSTRUMENTATION FOR NEUTRON BEAM RESEARCH AT DHRUVA REACTOR
(Neutron Beam Research Group*)

The following activities pertaining to instruments for
Dhruva Reactor Utilisation for neutron beam research have taken
place (luring 1987.

i) Fabrication and Installation of Monochromator drums?

Single sector-type monochromator drum with its yoke was
received from New Standard Eng.Co. and installed at Dhruva. A
separate write-up gives details of the diffractometer that is
commissioned based on this drum. Fabrication of two more sector-
type drums at NSE and two wedge-type drums at CMS have made
considerable progress. Delivery of all these drums is expected
in early 19S8.

i i) Commissioning of Profile Analysis Spectrometer:

A powder diffractometer based on a one-dimensional detector
was commissioned during the year. A 4-K MCA helps to acquire
data from the instrument. Details of calibration and results
obtained are discussed separately.

i i i > Control Systems:

Keltron has completed delivery of all the six control
systems for neutron spectrometers for which orders had been
placed with them. Four of these systems are commissioned and two
are under test. More details are presented separately.

iv) Cold and Hot Neutron Sources:

The cryostat and insertion jig for cold source are
fabricated and partly tested. A prototype cold-source-moderator-
pot has been fabricated and tested for pressure. Reactor Control
and Atomic Fuels Division have collaborated in this. The
controls for the cold source are being made at the Technical
Physics and Prototype Engineering Division.

A graphite block was machined for the hot source and heating
experiments were conducted to test insulations and a temperature
of 900°C in air was reached. An experiment is proposed for
calorimetric studies of graphite in one of the tangential beam
tubes of Dhriiva to determine nuclear heating rates at various
reactor power levels. An experimental assembly is fabricated for
this purpose and discussions with ROD are underway to carry out
the experiment.

v> Neutron Interferometrys

A detailed write-up elsewhere in this report gives details
of the successfully completed experiments dealing with
interferometry at Cirus. This instrument has provided experience
in design and installation of a neutron interferometer and is the
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forerunner of the instrument to be set up at Dhruva on one of the
guides.

vi ) Other Activities;

(a) The in-pile shielding block for installation of two
guides is fabricated and ready for installation. The central
line and other markings in the reactor hall and guide laboratory
are completed. A prototype vacuum shroud is expected to be
fabricated soon by a private firm in Baroda for further work on
guides.

(b) The magnetic components of the polarised neutron
analysis spectrometer are getting fabricated and will be ready in
all respects very shortly.

(c) Some modular components of air-cushion based
quasielastic spectrometer are ready and are under tests on
suitable flooring etc. at CM

<d> Design and fabrication of rotors for a helical velocity
selector have progressed and some trial runs have been carried
out.

#S. Basu, R. Chakravarthy, S.L. Chaplot, B.A. Dasannacharya, Y.D.
Dande, E. Desa, A.S. Deshpande, K.R. Dhall, P.S. Goyal, R.
Mukhopadhyay, M.R.L.N. Murthy, S.K. Paranjpe, V.C. Rakhecha, K.R.
Rao, L. Madhav Rao, C.L. Thaper, C.S. Somanathan, S.G. Shukla,
P.R. Vijayaraghavan, A.G. Wagh and A. Sequeira (Nt.P.D.)

812 GENERAL PURPOSE DATA ACQUISITION SYSTEM FOR DHRUVA NEUTRON
8PECTROMETER8 (P.R.Vijayaraghavan and K.R.Rao)

The type of automation required for neutron spectrometers is
a well established one as far as the functional controls required
in such systems. Essentially it is necessary to achieve angular
settings within the accuracies required and then to initiate data
col lection for a predetermined monitor count. Over and above
this, experimental situations demand control on parameters like
temperature/pressure/magnetic field at the sample. It should also
be possible to measure background either by rotation of the
analyser (if applicable) or by the closure of the neutron beam.
In the case of polarised neutron scattering experiments, an
on/off control is necessary to achieve spin reversal of the
polarised neutron. While these are all hardware related controls,
the interaction which an experimenter has ,is solely through a
program for computer based systems. Keeping complete
accessibility as the criterion for the various mechanical and non
mechanical functions, a general purpose control system has been
designed and built for the neutron spectrometers at DHRUVA
Reactor. The salient features are:

1. Built in computational capability based on a configuration
akin to a personal computer comprising of an 8086 CPU, 8087
coprocessor and the associated peripherals like
VDU,Floppy Drives,Printer,Keyboard etc.
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2.Application packages for achieving the various operations
like initialisation, movement of spectrometer parts to achieve
appropriate angular settings, presetting the monitor counts, etc.

3.Programmabi1ity in higher level language like FORTRAN and
accessibility of the application packages through FORTRAN CALL
statements. All the application packages are FORTRAN callable the

way subroutines are addressed.

Some of these aspects are dealt with in a little detail
below, together with the characteristics of the spectrometers.

a) Full rotational freedom exists for the monochromator
crystal at the first axis, sample at the second axis and
analysing crystal at third axis. For diffractometer and
filter-detector spectrometer appropriate modifications
exist in the spectrometer hardware.

b) Limited (sector type) movement exists for the first axis
drum, and for the line joining the 2nd and 3rd axes which
defines the scattering angle; the detector has rotational
capability about the third axis, over a sector of 200
degrees.

The movements and hence the positionings, are made
feasible by motorised drives using worm gears. As a standard
feature the gearing ratios Are kept as 360:1 so that one full
rotation of the input shaft corresponds to one degree movement at
the setting. Use of a digitiser with 100 pulses per revolution
gives positioning correct to 0.01 degrees. All drives have high
and low speeds except the main drum drive which has fixed speed
of 1.5 degrees per minute due to mechanical considerations.
A typical experiment will consist of calculating the angular
parameters, driving the system to the desired setting, counting
till the required monitor counts have been accumulated, recording
the number of detector counts for the above interval and then
onwards moving over to the next setting.The above gets repeated
in a cyclic manner with minor changes to measure background etc
cr to measure some other field dependence. Keeping all these
considerations, a general purpose data acquisition system has
been configured with the features as in Figure 1. A computer is
configured around 80S6 CPU and is linked to peripherals, general
purpose DC drives, read-in ports, on/off switches etc.The speed
control of DC drives is through pulse width modulation.The data
acquisition part has three signal channels . There are four
switches which can be programmed to be XON' or 'OFF'.
Experimental conditions pertaining to temperature, pressure,
magnetic field etc are read through 8 bit ADC ports. Control of
these parameters can be achieved through the use of motor control
ports and completing the feedback through the read in ports. A
24 bit I/O port links yet another parameter controlling another
experimental condition - in this case it is the RF field applied.
The monitor channel has two presettable registers connected in
tandem each with a counting capacity of 64k.In a typical
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experiment, the monitor overflow starts the cycle, stores and
prints the signal data and calculates the next setting. The
application package then compares the destination with respect to
the current angle and generates the following signals:

a) Signal to actuate the drive either in the
forward/backward direction

b) Signal to drive either in the fast or slow speed
c) Signal to activate or deactivate the drive on reaching

destination

To arrive at the correct direction of the drive, information
on the sector in which the drive operates is necessary. For
example, if in the forward direction there is a forbidden region,
(this region is requisitioned at the time of initialisation) then
the reverse direction is chosen. Depending on the actual quantum
of movement, the fast or slow speed signal is generated, using a
software set parameter. To avoid backlash problems, approach to
the final angle is always done in a fixed direction, and in slow
speed to prevent overshoots due to inertia. Using a marker
generated by the digitiser errors in angle tracking are kept
track off and is available to experimenter on request.

Application packages are written in lower level language
while the programme can be written in a language like FORTRAN or
the like. Linking is done through separate commands and after
this, the programme can be called for automatic execution.
Extensive user friendly interaction is achieved through the VDU
which also displays status and other data. Experimental data can
be saved in Floppy discs as part of the program.

The operating system used is MSDOS and the COPY command can
be used with with advantage for achieving many of the tests. The
following parameters can be set for a particular drive, say ,
the drive controlling scattering angle PHI, designated as MOTOR 1
for example

U - Defines upper hardware limit
L - Defines lower limit
6 - Overdrive to eliminate backlash
S - Slow speed limit
C - Current angle
T - Target angle

Similarly monitor parameters like P - Prescaling factor for
monitor and M - the actual Monitor value can be loaded. COPY
Command can be used both ways - to write onto the location and to
read from the location. By transferring the current and target
values to say the MOTOR 1 file, drive action is initiated in the
desired direction, in the manual mode. Once initiated, for
subsequent operations current angle input is not needed. Target
angle alone is sufficient.

Six systems of the above type .developed as per our
requirement have been built by Ms Keltron , have been
commissioned.
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813. DIFFRACTION 1N8TRUMENT FOR POWDER 8TUDIE8 <s.K. Paranjpe
and Y.D. Dande)

A neutron diffractometer using a linear position sensitive
detector (PSD) was installed and commissioned on the through tube
TT-1015 of the Dhruva reactor. A schematic of the instrument is
shown in Fig.1•
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The spectrometer has a cylindrical, pressed silicon crystal
as monochromator which is housed in a cavity in the biological
shield of the reactor shielding. The PSD is 90cms long and 3.7
cms in diameter and is placed at 150 cms from the sample. The
detector covers an angular span of 30# and region upto 150" can
be covered by rotating the detector around the sample centre.

The position sensing in the detector is carried out by
charge division method using analogue division. The data is
acquired in a 4K of multichannel analyser which will be coupled
to an IBM-PC in coming months. The spatial resolution of the
present detector is found to be 7mm.

The instrument is calibrated using powder samples of Ni,
Cu, Fe and Al«Oa. The uniformity of the efficiency of the PSD
was checked by monitoring the intensity of a Bragg peak at
various positions of the PSD and is shown from Fig.2. The
resolution of the instrument is found to be tfd/d = 1.35!



EFFICIENCY OF NEUTRON PSD

Fig.2

The diffraction pattern of a mixed ferrite Co0.sZno.»Fe CrCU has
been recorded and analysed using profile refinement method. The
results are shown in Fig.3. The profile parameters, scale and

COia.S-ZNa.S-FE-CR-O'l IC»LC

temperature factor and structure parameters have been used as
variables. The agreement factor is 5.47.. The time taken for
this data collection is Z hours and shows that the data
collection will be very fast compared to the step scan mode.

814. NEUTRON INTERFEROMETRY (A.G. Wagh and V.C. Rakhecha)

Ue have set up a neutron interferometer at the CIRUS reactor
on a thermal beam line to carry out neutron interferometric
experiments and to test interferometers fabricated at BARC for
the interferowetry set-up to be installed at Dhruva reactor.
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The spectrometer at CIRUS (see layout in Fig.1) shares the
monochromator drum of an existing triple axis spectrometer with a
fixed take off angle of 90* for the monochromated beam.
Monochromatic neutrons of wave length 1.76 A with wave length
resolution of about V/. and no half wave length contamination are
obtained using (331) reflection of a pressed (111) silicon
crystal with a mosaic of _ " and thickness 10mm. A collimator
restricts the beam area to 8mm (H) x 40mm (V) and the beam
intensity at the interferometer (IFM) position, another one metre
downstream, is about 1000 n cm-* sec-1. The IFM table has been
suitably equipped to isolate the IFM from floor vibrations and
the entire setup is enclosed inside a hut to eliminate air borne
noise.

Intarferometric measurements on this spectrometer have been
made using a silicon monolithic symmetric (EEO) LLL



interferometer on loan from Prof. H.Rauch, Atominstitut, Vienna.
The basic principle of operation of an LLL interferometer is
illustrated in Fig.2. A monochromatic neutron beam incident at
the Bragg angle 6B relative to the (220) reflecting planes
splits coherently into two partial beams after passing through
the first plate of the IFM. The two partial beams get partially
reflected at the second plate, recombine at the third plate and
exit the IFM as two beams, one in the forward (0) and the other
in the diffracted (H) direction. To observe interference, a
phase difference can be introduced between the two partial beams,
for instance, by rotating a parallel faced plate about an axis
normal to the plane of diffraction in one of the gaps of the IFM.
The corresponding variation in the path difference between the
two partial beams within the phase plate causes sinusoidal
oscillations in the D and H beam intensities. The 0 and H
intensities oscillate out of phase with each other but conserve
their sum.

In test runs phase plates of Al , Si, Ti and quartz have been
used. A typical interference pattern for a 6.525 mm thick Si
plate, recorded by monitoring the 0 and H beam intensities at
regular increments in the phase plate orientation is shown in
Fig.3. For a 10mm x 10mm beam incident on the IFM, the average
measured 0 and H intensities range typically around 0.5 and 1
count/sec, respectively and each run roughly takes about 40 hours
to complete. A maximum interference contrast of 30% for the 0
beam has been achieved. The X -thickness of the phase plate
medium and hence the coherent scattering length density of the
nuclei in the plate can be obtained from the period of
oscillations in interference pattern. The scattering lengths
measured on the present setup agree within about 3V. with their
expected value . From our experience so far some improvements in
the CIRUS setup are planned so as to streamline the
interferometric measurements and enable accurate determination of
coherent scattering lengths. Interferometric investigations in
solid state physics and material science will then be taken up.

813. INSTALLATION AND CALIBRATION OF THE 8INGLE CRY8TAL
DIFFRACTOMER AT DHRUVA REACTOR <A. Sequeira-, S.N. Momin~,
S. Shiva Bhaskar* and P.Ft. Vi jayaraghavan)

The commissioning of the single crystal diffractotneter at
the DHRUVA reactor has been partially completed with the
installation of the monochromator-drum and the second-axis
assemblies. The diffractometer is presently made operational as
a powder diffractometer. Using a pyrolytic graphite (002)
monochromator "IM ~ 1.0°) at a take-off angle of 16.85° and
collimation parameters of 0.5* - 0.45° - 0.5* (in-pile through
detector)„ A monochromatic neutron flux of ~4 x 10*n/cm*/sec has
been obtained at the sample position (at 100 MM) at a wavelength,
= 0.9804 A ( *X/X =0.04).

The diffractometer is coupled to a u-computer based control
and data—acquisition system described glsewhere and applications
software for a variety of scans has been developed. Diffraction
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patterns (see Fig.1) recorded using standard AlK0a sample
indicate that the signal intensities have improved by over an
order of magnitude- when compared to those obtainable at the CIRUS
reactor under the same instrumental and resolution conditions.

+Neutron Physics Division

SI6. PHOTOACOUSTIC SPECTROMETER (S.K.Deb and A.P.Roy)

Photoacousti c
<PA) spectroscopy _ _
is an important '~
technique for
studying optical
spectra of solids
without requiring
stringent sample
preparation. A
photoacoustic
spectrometer
been set up
such studies
our laboratory
150 Ul Xe arc lamp
excited by a
current regulated
power supply,
designed and
fabricated in
TPPED acts as a
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is mechanicalrly chopped and dispersed by a Jarrel-Ash 1/4 meter
f/3.5 monochromator with 1180 g/mm grating blazed at 600nm. The
spectral resolution can be varied from 1.6nm to 6.6nm. The
sample cell is made of stainless steel and is acoustically
isolated. A part of the monochromatized beam falls on a
reference cell containing carbon black and other part on the
sample cell. Both the cells have fused silica window. The
signals in the sample and reference cells are detected by B&K
4166 microphone followed by an Ithaco 393 lock-in-amplifier and
Knowles BT 1759 microphone follwed by Brookdeal 9503 lock-in-
amplifier respectively. The sample signal is normalized against
the reference signal in situ by taking ratio. The normalized PA
signal for the insulating green compound Y.BaCuO-, over a range
350-700 nm is shown in the Fig.1. The decrease in the PA signal
around 525 nm can be interpreted by using the relation

PA signal « C1 - R «X)3

where R (U is the reflectivity at wavelength , X . Thus the
decrease in PA signal is due to increase in reflectivity at about
525nm. From this observation one can conclude that there exists
strong electronic interband transitions around a H.36 ev.

SI7. A COMPACT DIGITAL CORRELATOR FOR PHOTON CORRELATION
8PECTR08C0PY (A.S. Deshpande, D.N. Sharir.a*, P.S.
Jethmalani", M.R. Iyer* and K. Usha Deniz)

A general purpose single board 8085 based microprocessor1,
has been used for digital correlation for large time intervals.
The processor has the following chips! (a) 8155 <2K static RAI*)
I u \ D ncn j i_*_ i . . . .(b) 8253 programmable counter chip), (c) 8251
interface chip), <d> 2732 (WK EPROM) and (e) 6116
static RAM).

A flow-chart diagram for
the correlator is shown in ( «ton )
Fig.1. Output pulses from a , .. f
photon counting system are fed
into a multi-sealer which has
100 real time channels. The
channel width, T, can be varied
from 0.5 s to 128 s. Products,

(communication
(<2k x 8) bit

/ OU

Setecl lime \
Channel width

Set N.O

1 , i , » I (n,,nioo>

where n4 is the number of counts
registered in the ith channel,
are obtained and stored. Such
products are summed over a
chosen number, M, of cycles and
finally printed out. In
addition, after every ten
cycles, these sums &re printed
out. The data collection can be
interrupted at any time to
obtain, (a)the number of cycles,

Mn»l

Start acquiring photon counis

m 100 lime channeb

Accumulate sum ot products

Fig. Correlator flow - chart
diagram.
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N that are over and (b)the sums, (Eninj) stored up to that point
in time. When N is sufficiently large, 1/N Z n^nj z correlation,
<n(T)n(jT)>. This digital correlator is meant to be used in
photon correlation spectroscopy, for study of systems whose
dynamics involve large times or low frequencies.

* Health Physics Division

SI8. A LOW LOSS VARIABLE TEMPERATURE CRY08TAT (Saibal Basu,
R. Mukhopadhyay, P.S.Goyal and B.A. Dasannacharya)

A variable temperature low loss cryostat for neutron
scattering experiments in the range of 90K to room temperature
has been designed and tested'1. Liquid nitrogen flows directly
through a copper block and the vapour comes out through a needle
valve. The sample is attached to the copper block. The liquid
flow to the copper block can be controlled by partially closing
the needle valve and developing vapour pressure in the line.
Experiments showed that by controlling the liquid flow and using
a heater and temperature controller temperature can be controlled
to better than 0.1 K. Because of good thermal isolation of the
copper block from the LN« container liquid nitrogen loss rate is
reduced to about 5L/day even at temperature as high as 300K. The
design proves to be simple and inexpensive.

/I/ Nucl.Phys. & Sol.State Phys. <India) 30(C) 444 (1987).

819. DEVELOPMENT OF 8EALED H»-Cd PLASMA TUBE
(S.R. Chinchanikar and A.P. Roy)

It has been observed that after continuous operation of
about 50 hours, there is a perceptible fall in the output power
of He-Cd laser. On the basis of the investigations carried out
in our laboratory, it was established that decrease in power can
be attributed primarily to depletion of helium in the discharge
tube.

A prototype He-Cd laser has now been fabricated with a high
pressure helium reservoir connected to the plasma tube through a
stop-cock which allows controlled injection of helium into the
system as and when necessary. As a result it has been possible
to operate the laser for about 200 hours with power output within
80*/. of the peak power level <~50mw). At reduced power levels
C^SOX) it has been working for the last six months. More
comprehensive data on life of the plasma tube are being
collected.
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8110.A 2.5 WATT ARGON ION LASER FOR LIGHT SCATTERING (Alka
Ingale and M.L. Bansal)

An Argon Ion Laser (AIL) is an ideal source for several
spectroscopic applications including Raman spectroscopy because
of its multiwavelength operation. It is an ideal pump for
obtaining continuously tunable dye laser output in the region
5000-9000A; a range very essential for semiconductor work.

In our laboratory we have designed and built an AIL
basically to augment our ongoing light scattering programme. The
laser that we have built is a continuous flow type. The major
problem in AILs is the design of plasma confinement structure due
to large arc current C"H5 Amps.) leading to power dissipation of
around 200 Watt/cm. We have used segmented metal bore design
(see Fig 1.) consisting of metal discs (graphite, molybdenum and
finally tungsten have been used) with central bore (3mm and 2.8mm
have been tried) and two side holes, separated by quartz spacers
enclosed inside quartz envelope. The segmented metal structure
remains at reasonable temperature (^500-800*0 by radiative as
well as conductive cooling to the surrounding water jacket. The
anode and the cathode are mounted on end flanges (copper) which
are O-ring sealed to quartz tube. The pumping is through the
anode end and the Argon is fed through cathode end using a leak
valve.

The output power in AIL depends strongly on current and
operating pressure and weakly on applied axial magnetic field.
Lasing is obtained over nine different wavelengths. Total power
(all* lines) obtained in the tungsten bore design at 20 Amps is
around 2.7 Watt. The power measured at four major wavelengths
4880, 5145, 4965 and 4765 A (tungsten bore, SO Amps) is 1047,
977, 200 and H70 mW respectively. With the present design using
tungsten discs power remains stable over several weeks of
operation.

In conclusion a simple, rugged and above all modular design
for AIL has been developed. Any laboratory within the country,
with reasonable workshop facilities can build a multiwatt AIL
based on present design.

/1/ Ingale Alka and Bansal M.L., Report No.BARC/I-908
(1987).

SI11. SUPERCONDUCTING MAGNETS A MATERIALS PROJECT
(V.D. Oande, B.8. Srinivasan, K.L. Patel, T. Srinivasan,
A.P. Bagool)

A 0.78Hmm dia. 45 filamentary NbTi superconductor developed
by Atomic Fuels Division has been characterised. The critical
currents at 5T and 7.5T are 3E1A and 194A respectively. Jc in
the superconducting filaments is about the same as earlier
reported for 0.5mm dia wires.

Two standard laboratory SC magnets have been designed and
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built. BARC developed NbTi conductor has been used for these
magnets. The 20mm bore, 100mm long magnet can generate a maximum
central field of 5.99T at 106.4A current with a homogeneity of
±0.5'/. over 1cm DSV. The 50mm bore, 13Hmm long magnet has been
tested upto a central field of 6.44T at 74.8A with similar
homogeneity.

A 10cm bore, 5T symmetric Helmholtz pair magnet with a clear
gap of 13.6mm has been designed and wound. Each coil is 100mm
l.Dj 145mm O.D; and 73.5mm long. The design current at 5T gap
field is 72.5A. The magnet is being impregnated with epoxy resin
before tests.

Vacuum impregnation of SC coils with different resins has
been completed. Trials with low temperature compatible Araldite
MY740 have shown good penetration after optimisation of the DY602
accelerator. The process will be standardised for all future
impregnations.

Preliminary calculations for a 90* bending magnet for use at
the Medium Energy Ion Accelerator Project have been made.

SHE. NUCLEAR RADIATION DETECTORS
(Y.D. Dande, S.K. Paranjpe, G.V. Shenoy and R.S. Udyavar)

Fabrication of standard detectors has continued. A total
of 25 BFa, 4 3He neutron detectors and 20 soft X-ray detectors
have been made.

Two prototype, linear PSDs for neutron scattering
experiments have been developed. The 38mm dia, 800mm long and
25mm dia; 450mm long detectors use a 10u dia. resistive anode and
are filled with 4.5 bar pressure of aHe + Kr mixture. The energy
resolution of these detectors at 1300 V is around 127. FWHM.
Extensive tests of position resolution, linearity and uniformity
of response have been completed. Using a charge-division read-
out, the position resolution measured is ± 4mm and ± 3mm
respectively for a 1.5mm wide beam. Fig.1 shows the performance
of the 800mm detector. This detector has now been installed in
the Profile Analysis Spectrometer recently commissioned at Dhruva
reactor. Powder diffraction patterns of many samples have been
recorded.

The 15x15 cm* active area, 2-dimensional X-ray PSD has
undergone preliminary tests. The 3600 resistance between each
two successive cathode wires has increased the cathode resistance
to ""\ZKfif and the charge division read out is adequate. Initial
tests with Mn x-rays from an x-ray generator has shown a position
resolution of ± 4mm for a 1.5mm beam.

The charge-division read-out has been tried for an array of
5 individual BF» counters with 5100 resistors connected between
each two. Irradiating each counter in succession with a narrow
beam of neutrons the position response of the array was tested
using charge-division read-out. The array schematic and the
results are shown in Fig.2.

A torroidal (50mm I.D; 150mm O.D; 0.7mm wall) thermal
neutron detector has been developed for a portable moisture gauge
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•I13.NEUTRON RADIOGRAPHY
(Y.D. Dande and R.S. Udyavar)

46 numbers of Cable-cutters used by ISRO in Satellite Launch
Vehicles have been radiographed in the NR facility at Apsara. A
150 seconds exposure on Gd/ND-65 detector system has clearly
imaged all the important components such as ceramic cup,
pyrocharges, PTFE disc, O-rings, epoxy adhesive, anvil and cutter
etc.

Feasibility studies of assessing 8 a aU distribution in the
10"/. M!»U loaded Al fuel plates of KAMINI reactor are in progress
in collaboration with Radio-Metallurgy Division. It is hoped to
measure the B M U distribution by scanning the NR plates with a
microdensitometer.
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STATUS OF THE MEDIUM ENERGY HEAVY ION ACCELERATOR
(Project Staff)

With the beam trials underway.- the 14UD accelerator is
fast approaching final tests and commissioning. An impor-
tant landmark reached this ye&r was the successful accelera-
tion of the first test beam of silicon ions on Sept. 19,
1987 at a terminal voltage of 7.75 MV, corresponding to a
final ion beam energy of t-6.5 MeV for a 5* charge state. An
unanalysed ion beam of 750 particle nanoamps was measured
during this test at the tank exit.

1. The Injection System.

The Injection system has been tested for its proper
functioning using three different types of Ion Sources sup-
plied by NEC viz., (i) ALPHATROSS-R F. Ion Source fitted
with a rubidium charge exchange canal, (ii) DEDIS or a
Direct Extraction Duoplasmatron Ion Source and (iii) SNICS,
which is a source for Negative Ions using Cesium Sputtering.
The injector magnet and the beamlines were aligned properly
in order to maximise the ion beam transition through the
injector. The SNICS II source has been found to be very
easy to operate and most reliable. 'he H.T. supply for the
preaccelerator tube has been tested upto a maximum output
potential of 250 KV, DC. It has been routinely operated,
however, over prolonged periods of time at 150 KV.

H. Control Electronics

Prior tc starting the high voltage conditioning and ion
beam tests, the proper operation of the entire control sys-
tem was ensured by testing independently the performance of
the various electronics sub-systems. For this purpose, all
power supplies and local electronic control units were
tested first individually and finally, after their integra-
tion in the control system. The response of each controlled
device or parameter to a coded command from the control com-
puter was checked at each CAMAC station and faults, if any,
were corrected. Thus, the electronic control system, in-
cluding the CAMAC system has been made fully operational.

3. 14UD Accelerator

Following the installation of the accelerator column
and tube, the system was evacuated down to 10~a Torr and
proved leaktight using a sensitive mass spectrometer helium
leak detector. A considerable time and effort were needed
to locate some rather persistent leaks, particularly, a few
pressure—to-vacuum leaks that could be noticed only when the
tank was pressurised with SF* gas. These leaks were traced
down to a valve and a stainless steel bellow in the center
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terminal, which have been replaced and the problem has been
solved.

Next, the tube voltage conditioning tests were started.
The terminal voltage was increased in small steps until the
onset of the "tube conditioning" process, which is generally
indicated by the sudden deterioration or frequent fluctua-
tions in the tube vacuum. The voltage was then increased
further only when the tube activity stopped or reduced
considerably. In this way, the maximum terminal voltage was
reached while keeping tube sparking (and the consequent
damage) at the minimum possible level. Sometimes, it was
necessary to isolate and condition only one or two column
modules, at a time, upto the maximum gradient. Further con-
ditioning with ion beam will be required before attaining
continuous operation with the ion beam at 14.0 MV.

As mentioned before, trial beams of silicon and also
copper ions have been accelerated through the accelerator at
terminal voltages upto about 10 MV, with ion beam currents
ranging upto a microampere. However, improvements are
needed both with respect to stability and transmission which
should be possible with further optimisation of various
parameters and commissioning of the Terminal Potential
Stabiliser, which is in progress. The accelerator is ex-
pected to be commissioned for use by experimentors in the
next six months.

4. Safety Systems

High level gamma and neutron monitors have been in-
stalled outside the Accelerator tank at all levels in the
Tower, to monitor continuously the radiation level in the
area when the accelerator is operating. These monitors have
been interlocked with the Faraday cup in the ion source room
such that the ion beam is interrupted if the access door to
the area is opened while the radiation level there is above
a preset value. Similarly, low level gamma and neutron
monitors interlocked with the Faraday-cup have been provided
in the Ion Source room, the Control room and all floor-
landings in the tower.

An interlock system called "search-n-secure" interlock
system was also wired and tested. With this interlock sys-
tem in operation, it makes it necessary to go round the ac-
celerator and physically check that the radiation areas are
cleared of personnel and access doors are locked before the
charging chains can be turned on.

Installation of the SF* gas level and oxygen deficiency
monitors, (interlocked with an alarm enunciator circuit in
the control room and a siren) at various locations in the
gas handling room and the tower and their wiring have been
completed. A special rack carrying remote readouts for
radiation monitors, various alarms enunciators and control
panels for safety interlocks has been wired and installed.

The Pellatron Safety Report has been submitted to the
A.E.R.B. for obtaining their final clearance for operation
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of the accelerator. The Project Safety Review Committee for
Accelerators appointed by A.E.R.Et. visited the Pelletron
site on Dec. 15, 1987 to inspect the various design safety
features incorporated in the facility.

5. Beam Lines

The beam pipes required for two beamlines to be set up
initially were fabricated, electro-polished and individually
tested for microleaks using a portable helium leak detector.
The beamline from the Control slits up to the switching Mag-
net has been completed, proved leak-tight and has been
pumped down to 1O~* Torr. The assembly of the 0° and 15°
beam lines is in progress. A concrete shielding wall is
being built around the switching magnet.

6. Experimental Facilities

The various experimental facilities like the scattering
chamber, gas detector systems, gamma-gamma ray multiplicity
detectors etc. are in an advanced stage of completion. The
•scattering chamber is undergoing vacuum tests. A HORIZON 30
multi-user computer facility has been procured and being in-
stalled as a user facility in the control room. The work on
the wiring of the patch panels is in progress.

7. Linac Booster Programme

The design work on the qurter wave RF resonator and its
fabrication procedure were finalised in collaboration with
the engineers of the Central Workshop. The resonator
fabrication job involves high precision machining and deep
penetration electron beam welding of OFHC copper. After a
number of initial trials fabrication of a prototype quarter
wave resonator has reached advanced stages of completion.
The various parameters to obtain good quality lead plating
of the resonators have been optimized and a split loop
resonator plated with lead to a thickness of H micrometer
was cooled down to liquid helium temperature in a cryostat.
RF measurements were carried out to determine its Q and
electric field in the resonator. The Q at the low field of
0.1 MV/m was estimated to be z 2 x 10". Further work to
achieve improved Q values and higher fields is in progress.
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S.B. Ota, Jpn. J. Appl. Phys. £6-3 (459 (1987)

27. A microprocessor based energy dispersive x-ray diffra-
ctometer
M.K. Sanyal, V.C. Sahni and G.P. Das, Anal. Instr.,16, 281
(1987).

28. Endothermic quasi crystal 1ine-to-crystal1ine phase transition
in Al^CuMg*
M.K. Sanyal, V.C.Sahni and G.K. Dey, Pramana 28,L709 (1987).

29. Structural instability and superconductivity in A15
compounds
S.B. Ota, Physics Teacher 29 16

30. Effect of non-hydrostatic stress on the structural
transition in A15 compounds
S.B. Ota
Current Trends in the Physics of Materials, edited by
M.Yussouff (World Scientific! Singapore) p41

31. A fresh look at diffraction from a non absorbing perfect
crystal in the Bragg-Laue configuration
A.G. Wagh
Phys.Letts.A121, 45 (1987).

32. Mbssbauer Spectroscopy in Steel Industry:
K.R.P.M.Rao
Chap 8. in "Industrial Applications of the Mossbauer Effect"
Eds. Gary J. Long and Jhon G. Stevens, Plenum Press, N.V.
(1986/ -1987)

33. Optimisation of superconducting solenoid magnet geometries
for minimum inductance,
G. Ravi Kumar and P. Chaddah, Cryogenics 27, 229 (1987).

34. Disorder in superconductors - a study on CuaMo*S»
P. Chaddah, Pramana - J. Phys. 28, 547 (1987).

35. Critical current measurement on V-Ba-Cu-0
M.K. Malik, R.V. Raghavan, P. Chaddah, P.K. Mishra, G. Ravi
Kumar and B.A. Dasannacharya, Pratnana - J.Phys.29,
L11K1987).

36. Critical current measurement on extruded YBaaCuaQy wires
M.K. Malik, V.D. Nair, R.V. Raghavan, P. Chaddah, P.K.
Mishra, G. Ravi Kumar and B.A. Dasannacharya, Pramana -
J. Phys. 29, L321 (1987).

37. Superconductivity in shocked C
P. Chaddah, I.K. Gopalakrishnan, J.V. Yakhmi and
B.K. Godwal, Phys.Rev.B 36, 3941 (1987).
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PAPERS SUBMITTED FOR PUBLICATION

<«) Nucltar Phv«lc»

1. Intermediate structure in iaC+''*O system through alpha
induced reaction on a*Mg in the energy range E«= 26 to
37 MeV, M. A. Eswaran, Suresh Kumar, E. T. Mirgule, and
N. L. Ragoowansi, Phys. Rev. C.

2. Alpha scattering from ao4*Bi at 50.5 MeV, A. Chatterjee,
S. K. Gupta, 5. Kailas and S. S. Kerekatte, Phys. Rev. C
(accepted).

3. Measurement and statistical model analysis of pre-
fission neutron multiplicities, J. 0, Newton, D. J.
Hinde, R. J. Charity, J. R. Leigh, J. J. M. Bockhorst,
A. Chatterjee, G. S. Foote and S. Ogaza, Nucl. Phys. A.

4. Study of aoNe(«,2«)1fc0 reaction, N. R. Sharma, B. K.
Jain and R. Shyam, Phys. Rev. C.

5. The (p,p'ir*) reaction at intermediate energies, B. K.
Jain, J. T. Londergan and G. E. Walker, Phys. Rev. C.

6. Measurement of excitation functions and radiative
lifetimes of oxygen ions, R. Mythili, P. Singh, P. K.
Bhattacharya, A. B. Parui, M. G. Betigeri, P. M. Raja
Rao, G. Krishnamurthy and V. S. Raju, Z. Phys. D.

7. Diffusion of Sb in amorphous and crystallized Fe»«Bi»,
S. K. Sharma, Kuldeep and Animesh K. Jain, Mater. Sci.
Engg. (in press ) .

8. Diffusion measurements in the Fe»aBi» amorphous alloy by
Rutherford backscattering spectrometry, S. K. Sharma, S.
Banerjee, Kuldeep and Animesh K. Jain, Acta Mettalurgica
(in press).

9. Measurements of Au diffusion rates in amorphous Fe»«B«o>
Fe»«Bi« and Zr*iNi9<* by Auger electron spectroscopy,
S. K. Sharma, P. Mukhopadhyay, Kuldeep and Animesh K.
Jain, J. Non-Cryst. Solids (in press).

10. Diffusion of Au and Cu in amorphous Fe»oB*o *nd Fe MBt»
alloys, S. K. Sharma, S. Banerjee, Kuldeep and Animesh
K. Jain, Appl. Phys. A (in press).

11. Measurements of diffusion rates of Cu and Au. in amor-
phous Zr*.,Ni3V alloy, S. K. Sharma, P. Mukhopadhyay,
Kuldeep and Animesh K. Jain, Phys. Stat. Sol..

12. Some correlations for impurity diffusion in amorphous
alloys, S. K. Sharma, S. Banerjee, Kuldcep «nd Animesh
K. Jain, Phys. Rev. Lett..
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13. XRD and RBS study of annealing effects in titanium
implanted a-silicon Films, S. V. Vidwans, V. P. Salvi,
A. A. Rangwala, Kuldeep, Animesh K. Jain and B.M. Arora,
Radiat. Eff. (accepted).

<b> Solid State Physics

On the density of electronic states of two dimensional
positionally disordered systems with weak electron-ion
potential
K.V. Bhagwat, D.C. Khandekar and S.V. Lawande,
Int.J.Mod. Phys. BJ. (1987) (Accepted)

Polaron effective mass
D.C. Khandekar, K.V. Bhagwat and S.V. Lawande
Phys. Rev. B37 (19SS) (Accepted)

Proton Magnetic Resonance Investigation of the Interaction of
the Antileprosy Drug, Dapsone, with the Model Membrane,
DiPalmitoyl PhosphatidylCholine - Water,
P.S.Parvathanathan, K.Usha Deniz, K.V.Ramanathan,
C.L.Khetrapal, S.Gurnani and Geeta Datta
Mol. Cryst. Liq. Cryst. Letters.(Accepted)

Collision interrupted librational model for molecular
reorientation in liquids
S.K. Deb
Chemical Physics (1988) (Accepted)

Laser Raman Spectrometer
A.P. Roy and M.L. Bansal
Ind. J. Pure & Applied Physics, Raman Issue (Feb.1988)
(Accepted)

Raman Scattering from Optic Phonons in Semimetals and narrow-
gap semiconductors
A.P. Roy
" Vibrational Spectra and Structure", edited by
J.M. Durig (1988).

Acoustical activity of crystals: A comparative study of three
descriptions
K.V. Bhagwat and R. Subramanian
Acta Crystallogr. (Submitted)

Behaviour of A15 compounds under nonhydrostatic stress
S.B.Ota
J. Phys. C (in print)
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9. Defects and high-Tc oxide superconductors
S.B. Ota, L. Varshney, T.V. Chandrasekhar Rao and V.C. Sahni,
Proc. of the international advanced school in statistical
physics, Panjab University, (1987) to be published

10. Oxygen stability in YBa,Cu»0,._,,
S.B. Ota, T.V. Chandrasekhar Rao and V.C. Sahni.

11. Strcture of crystalline and quasicrystalline Al*CuMg*'
M.K. Sanyal, V.C. Sahni and R. Chidambaram.

1H. Phonon dispersion relation in YBa«Cua0-y,
S.L. Chaplot,
Phys. Rev. B (Accepted)

•13. X-ray structural study of crystalline and
quasicrystalline Al^CuMg*
M.K. Sanyal, V.C. Sahni and R.Chidambaram
Solid State Comm. (accepted)

14. A model to explain the resistive transition in super-
conducting composites
G. Ravi Kumar and P. Chaddah (Cryogenics).

15. Magnetisation curves and Bean's model in high Tc super-
conductors
G. Ravi Kumar and P. Chaddah (Phys.Rev. Lett.).

16. Texture formation and enhanced critical currents in

M.K. Malik, V.D. Nair, A.R. Biswas, R.V. Raghavan,
P. Chaddah, P.K. Mishra, G. Ravi Kumar and
B.A. Dasannacharya (App.Phys.Lett.)

17. Anomalous magnetic hysteresis loops and small Hc-i values
in high T c superconductors, A.K. Grover, C. Radhafcrishna
Murty, P. Chaddah, G. Ravi Kumar and G.V. Subba Rao
(Pramana - J.Phys.).
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PAPERS PRESENTED AT INTERNATIONflL CONFERENCES/SEKXNARS/WORKSHOPS

(*> Nuclear Physics

1. Giant multipole resonance region excited in "l'1ASn
through the inelastic scattering of 270 MeV 3He
particles, S. Kailas, A. Saxena, P. P. Singh, P.
Schwandt, E. J. Stephenson, Q. Chen, D. L. Friesel,
Int. Conf. on perspectives in Nuclear Physics, Madras.

H. Simultaneous determination of electromagnetic and iso-
scalar trainsition rates from (a,a') experiments in the
coulomb-nuclear interference region, D. Rycher, P.
Singh, R. Gyufko, B. V. Kruchten, M. Lahanas, B.
Schuerman and C. A. Wiedner, Int. Global Conf. Math.
Phys. Nagpur, India.

3. A<p,p/ir*)B reaction, a probe for pi on-precursor, B. K.
Jain, J. T. Londergan and G. E. Walker, XI Int. Conf. on
Particles and Nuclei, Kyoto, Japan (April).

4. An isobar model for (p.p'ir) reaction at intermediate
energies, J. T. Landergan, G. E. Walker and B. K. Jain,
Spring Meeting of the American Phys. S o c , (April).

5. Centre of mass separation for Dirac equation for
harmonic potential, S. B. Khadkikar and S. K. Gupta,
Int. Conf. on Nuclear Physics, Harrogate, E21, 400,
(Aug. 1986).

6. Octet baryon magnetic moments, S. K. Gupta and S. B.
Khadkikar, Int. Conf. on Nuclear Physics, Harrogate,
E23, 492 (Aug. 1986).

7. Equivalence of X and Qa rescaling in EMC effect and
quark-gluon plasma transition, 5.K. Gupta, Int. Conf. on
Nuclear Physics, Harrogate, E30, 499 (Aug. 1986).

8. The (p,p'tr*) reaction at intermediate energies, B. K.
Jain, Seminar at Indiana University Cyclotron Facility,
Bloomington (Aug. 4).

9. Nuclear collisions involving isobars, B. K.
Jain, Seminar at Drexel University, Philadelphia
(Aug. 10).

10. A comparative study of thin film diffusion measurements
in metallic glasses by Rutherford backscattering
spectrometry and Auger electron spectroscopy, S. K.
Sharma, S. Banerjee, Kuldeep and Animesh K. Jain, 7th
Int. Conf. on Thin Films, New Delhi (December 7-11).
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(b) Solid State Physics

1. Lattice Dynamics of MgSiOa Perovskite
N. Choudhury, S.L. Chaplot, K.R. Rao and S. Ghose
Paper presented at the Chapman Conference on
Perovskites - A structure of great interest to
geophysics and Materials Science held at Bisbee,
Arizona Oct.29-Nov.2, 1987.

2. Neutron Beam Research in India and International
Cooperation
K.R. Rao and B.A. Dasannacharya
International Symposium on Utilisation of Multipurpose
Research Reactors and Related International
Cooperation, Grenoble, France 19-23, Oct.1987.

3. Dynamics of Complex Crystals by Neutron Scattering and
Computer Experimental Techniques
K.R.Rao
ILL, Grenoble and LLB, Saclay (1987).

4. Neutron Interferometry in India
V.C. Rakhecha, A.G. Wagh and B»A. Dasannacharya
International Workshop on Matter Wave Interferometry
(Sept.14-16, 1987) (to appear in Physica B (1988)).

5. Progress of the programme on superconducting materials
and magnets at BARC
P. Chaddah, Y.D. Dande, K.L. Patel, M.K. Malik and
R.V. Raghavan, at Indo-FRG Seminar on Modern Materials
Research, Kalpakkam 1987.

A. International symposium on perspectives in nuclear physics

I.V.V.Raghavacharyulu

A.C. College, Madras Jan. 19-23, 1987



PAPER5 PRESENTED AT NATIONAL CONFERENCES/SEMINARS/WORKSHOPS



- 120 -

PAPERS PRESENTED AT NATIONAL CONFERENCES/SEH1NARS/WQRKSHQPS

<*> Nuclear Phvaics

I. Cluster knock-out reaction, B.K. Jain, Workshop on
Break-up Phenomena in Nuclear Physics, Calcutta (Feb).

H. Resonant behaviour of heavy ion systems: excitation
function in the reaction a*Mg(*He, 'iaC) 1*O, M. A.
Eswaran, Winter School on Nucleon Structure and Reaction
Mechanism in Heavy Ion Collisions (arranged by TIFR),
Mahabaleswar (January).

3. Non-nucleonic responses of nuclei, B. K. Jain, Seminar
at Institute of Physics, Bhubaneswar (Feb.13).

4. New responses of atomic nuclei, B. K. Jain, Seminar at
Rajasthan University, Jaipur (April 22).

5. New horizons in nuclear physics, B. K. Jain, Seminar at
Univ. of Mysore, Mysore (Aug. 26).

6. Perspectives in nuclear physics, B. K. Jain, II SERC
School in Nuclear Physics, Jaipur (Sept. 28).

7. The reaction 'Li(p, **)*He at Tp = 400-1000 MeV, S. K.
Gupta, Workshop on Breakup Phenomena in Nuclear Physics,
Calcutta (Feb).

6. Relativistic harmonic oscillator model for hadrons,
S. K. Gupta, Workshop on High Energy Heavy-ion Colli-
sions and Quark Degrees of Freedom in Nuclei, Puri (January)

9. Recent CERN measurement of multiplicity and transverse
energy flux in 1*0 + Pb at 200 GeV per nucleon (NA35
Collaboration), S. K. Gupta, Workshop on High Energy
Heavy-ion Collisions and Quark Degrees of Freedom in
Nuclei, Puri (January).

•10. Application of energy dispersive X-ray fluorescence
technique to characterise the elemental composition of
surface layers, Madan Lai and R.K. Choudhury, National
Sytnp. on Advances in Surface Treatment of Metals,
Astom-87, BARC, (Oct.14-16).

II. Multielement analysis of agricultural samples by energy
dispersive X-ray fluorescence (EDXRF) technique,
(invited Talk), Madan Lai, National Symp. on Micro-
Nutrient Stresses in Crop Plants! Physiological and
Genetical Approaches to Control Them, MPAU, Rahuri,
Maharastra, (Dec.16-18).



- 121 -

12. Use of small accelerators in industry and research,
Animesh K. Jain, Seminar on Radiation Physics, BARC
(July 24).

13. Laser processing of silicon, Animesh K. Jain, Winter
School on Laser Material Processing, Pune, (Nov. 16-21)

14. Modelling of laser materials interaction, Animesh K.
Jain, Winter School on Laser Material Processing, Punt1,
(Nov. 16-21).

(b) Solid State Phvtict

1. Invited talk on 'Defects in Liquid Crystals',K.Usha Denis in
'Discussion Meeting on Physics of Extended Defects' University
of Roorkee, Roorkea, March 23-26, 1937.

2. 'Effect of Lysozyme on the Phase Transitions of the Model
Membrane,DPPC-HBO', GeetaDatta, P.S.Parvathanathan, E.B.
Mirza and K.Usha Deniz, Third National Symposium on Bio
organic Chemistry, Hyderabad, July 1987.

3. 'Thermal Studies of DPPC-Lysozyme-H«0 System'.- K.Usha Deniz,
P.S.Parvathanathan, Geeta Datta and E.B.Mirza, Sixth National
Symposium on Thermal Analysis, I.I.T., New D=lhi, Dec. 16-18,
1987.

4. 'Phase Transitions in DPPE-HBO and the Effects of the Drug ,
DDS, on them', K.Usha Deniz, Geeta Datta, E.B.Mirza and P.S.
Parvathanathan, 3rd National Conference on Surfactants,
Emulsions and Biocolloids, Aligarh Muslim University, Aligarh,
Dec. 28-30, 1987.

5. Static and Dynamical Mossbauer Study of Light Induced
Valence State Changes in Iron (II) Model Complexes of Photo-
synthetic Bacterial Reaction Center, Subhash Pandhye,
Prafulla Garge and K.R.P.M. Rao.
National Symposium on Unusual Valency States in Coordinate
Compounds BARC, Bombay Nov.11—13, 1987.

6. Phonon dispersion relation in YBaBCus07, S.L. Chaplot,
Workshop on theoretical aspects of high Tc superconductors,
(Convener, B.A. Dasannacharya), B.A.R.C., Bombay (1987)(DAE)

7. Dynamics of Structural Phase Transitions by Raman
Spectroscopy held at IIT Kanpur, Dec.7-11, 1987.

8. Photon Counting
M.L. Bansal
Talk given at IPA Seminar on Pulse Counting Techniques held
at BARC, Bombay, Dec.22-24, 1987.
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9. Small Angle Neutron Scattering,
P.S. Goyal
"International Advanced School in Statistical Physics"
Chandigarh (1987).

10. "Development of 1-D and 2~D position sensitive detectors at
BARC",
B.A. Dasannacharya, Y.D. Dande and S.K. Paranjpe. 7th
National Symposium on Radiation Physics, Nov.16-20, 1987,
Mangalore.

11. Surface and interface vibrations, B.L. Chaplot, Lectures
given at III SERC School in Condensed Matter Physics on
Physics of Interfaces (Convener, V.C. Sahni) B.A.R.C,
Bombay (1987)(Non DAE)

12. " Phase Sensitive Detection ", M.K. Sanyal, in 'Seminar on
Pulse Processing Techniques in Radiation Detection and
Spectrometry' held under the auspices of Indian Physics
Association (Dec. 20 - 24, 1987).

13. Three talks on " BASIC Language Programming " and " PC Based
Data Acquisition System for Position Sensitive Detector "
given in the IAEA-RCA Workshop on the 'Use of Personal
Computers for Laboratory Automation and Data Acquisition',
Nov.23-Dec.4, 1987.
M.K. Sanyal.

14. vDefects and high-T«: superconductor', S.B. Ota, International
Advanced School in Statistical Physics, Panjab University.
Chandigarh, Sept. 28 to Oct. 9, 1987.

15. 'Superconducting Materials', S.B. Ota, talk given in
Radiometallurgy Division, BARC, 1987.

16. " Output features of low energy radiation datectors ", V.C.
Sahni, in 'Seminar on Pulse Processing Techniques in
Radiation Detection and Spectrometry' held under the auspices
of Indian Physics Association (Dec. 20 - 24, 1987).

17. " Review of sensors, signsl processing & some applications ",
V.C. Sahni, in 'Seminar on Pulse Processing Techniques in
Radiation Detection and Spectrometry' held under the auspices
of Indian Physics Association (Dec. 20 - 24, 1987).

18. a) "Small angle neutron scattering", b) "Linear polymers
modelled as self avoiding walks, c) "Recent advances in
neutron scattering", P.S. Goyal, in International
Advanced School in Statistical Physics at Panjab
University, Chandigarh in Sept.-Oct.1987.
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19. Superconducting magnets and some applications,
P. Chaddah, at Hindustan Lever Research Centre.

20. Physical properties of high T« oxide superconductors,
P. Chaddah, at Seminar on high To superconductors at BARC.

21. Plenum Theory

I.V.V.Ragavacharyulu

Global conference on mathematic physics, (Centinary

celebrations of Niels Bohr and Hermann Weyl)

Nagpur University Nov. 30-26, 1987.(1987).
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PAPERS PRESENTED AT NUCLEAR PHY8IC3 (DAE) SYMPOSIUM

I. Deep sub-Barrier fission: a tantalizing domain of low
energy nuclear physics, N. N. Ajitanand (invited talk).

S. Giant dipole resonance on excited states: a probe at
high spin and temperatures, D. R. Chakrabarty (invited talk)

3. 4n neutron multiplicity detector, A. Chatterjee (invited
seminar).

4. Recoil mass spectrometers, P. Singh (invited seminar).

5. Gas detector systems: PPAC and ionisation chambers for
use in heavy ion reaction studies, S. R. S. Murthy
(invited seminar).

6. A J" = 11- resonance at Ew = 33.8 Mev
1 in " S i in the

reaction a«Mg (*He , '•"C) •t*O, Suresh Kumar, M. A. Eswaran,
E. T. Mirgule and N. L. Ragoowansi.

7. Excitation functions of elastic and inelastic alpha
scattering from " S i in the energy range E« = 25.5 to
31.0 Mev, E. T. Mirgule, M. A. Eswaran, Suresh Kumar and
N. L. Ragoowansi.

8. Light particle emission in B O VBi + -»He at 50 Mev", A.
Chatterjee, S. K. Gupta, S. Kailas, S. S. Kerekatte.

9. Resonance spectroscopy of 3*Ar using alpha elastic
scattering, A. Chatterjee, S. K. Gupta, S. Kailas,
S. S. Kerekatte, and T.X. Quang.

10= Continuum background in the giant resonance region of
excitation, A. Saxena, S. Kailas, P. P. Singh, Q. Chen,
P. Schwandt, E. J. Stephenson, D. L. Friesel.

II. Structure functions in relativistic harmonic oscillator
model, S. K. Gupta, A. Chatterjee and S. C. Phatak.

12. Accurate relations for nuclear masses, S. K. Charagi and
S.K. Gupta.

13. Design studies of a proton-pion hodoscope, S.K. Charagi,
S. K. Gupta and A. Chatterjee.

14. Studies on fixed central region of the medical
cyclotron, V. T. Nimje and R. C. Sethi.

15. Stripping extraction and multiple beams from medical
cyclotron, N. M. Thakur and R. C. Sethi.
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16. Operating experience on an isotope separator using a
retarding beam technique, Arvind Jain, F. R. Bathena and
E. Shallotn.

17. On the mechanism of diffusion in amorphous alloys, S. K.
Sharma, S. Banerjee, Kuldeep and Animesh K. Jain.
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PAPERS PRESENTED AT SOLID STATE PHYSICS (DAE) SYMPOSIUM

1. Critical Current and Microstructure in High Temperature
Superconductors, P. Chaddah.

2. Structure and Stability of Quasi crystals, M.K. Sanyal.

3. Small Angle Neutron Scattering Measurements of micelle to
Gel Transition in Solutions of CTAB and Sodium Salicylate,
P.S. Goyal, J.A.E. Desa, S.L. Narasimhan, B.A. Dasannacharya,
B.S. Valaulikar, V.K. Kelkar and C. Manohar.

4- A Neutron Diffraction Study of the Strucsture of Vitreous
Germania, J.A.E. Desa, A.C. Wright and R.N. Sinclair.

5. High Pressure Electrical Resistivity Measurement in
Tetracyanoetylene, P. Ch. Sahu, R. Barathan, Mohammad Yousuf,
K. Govinda Rajan, R. Mukhopadhyay, S.L. Chaplot and K.R. Rao.

6. Static and Dynamical Mossbauer Study of Light Induced
Valence State Changes in Iron (II) Model Complexes of Photo-
synthetic Bacterial Reaction Center, Subhash Pandhye,
Prafulla Garge and K.R.P.M. Rao.

7. X-ray Stress Analyser, V.M. Padmanabhan, Subimal Saha, K.V.
Purushottam, S.K. Bose, K.R.P.M. Rao, R. Nagarajan,
R. Vijayaraghavan, P.G. Kulkarni, Jagmohan Singh, V.S. Yadava
and C.N. Rao.

8. Structural Relaxation in AL*CuMG4 Quasi crystal, M.K. Sanyal,
V.C. Sahni, L. Varshney, G.K. Dey and S. Banerjee.

9. Neutron and X-ray Diffraction from Quasi-Crystalline Al-Mn-Fe
System, K.R. Rao, A. Sequeira, S.K. Paranjpe, M.K. Sanyal,
V.S. Raghunathan and Vijay Kumar.

10. A Self-avoiding Walk Model for Polymer Growth,
S.L. Narasimhan, P.S. Goyal and B.A. Dasannacharya.

11. Lattice Dynamics of MGSiOa Perovskite, Narayani Choudhury,
S.L. Chaplot, K.R. Rao.

12. Thermal Expansion and Melting Point Studies of Forsterite
Mg.SiCU, Narayani Choudhury, S.L. Chaplot, K.R. Rao.

13. A Model to explain the resistive transition in superconduc-
ting composites, G. Ravi Kumar and P. Chaddah.

14. Phonon Spectrum and related properties in YBa«Cua07,
S.L. Chaplot.

15. Photoacoustic Study of Hioh T Compound YBa«Cua0-r-x, S.K. Deb
and A.P. Roy.
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16. X-ray Diffraction Analysis of YzBaCuOs, T.V. Chandrasekhar
Rao, S.B. Ota and V.C. Sahni.

17. Oxygen Evolution and Metal to Semiconductor Transition in
YBa«Cu3Ov - y, S.B. Ota, L. Varshney, T.V. Chandrasekhar Rao
and V.C. Sahni.

18. Structural Instability in LazCuO^-y, T.V. Chandrasekhar Rao,
S.B. Ota, L. Varshney, Ch. S. Viswanadham, K.B. Khan and
V.C. Sahni.

19. Development of Silver Encased Superconducting Wires of
YBacCu307, M.K. Malik, V.D. Nair, R.V. Raghavan, P. Chaddah,
P.K. Mishra, G. Ravi Kumar and B.A. Dasannacharya.

20. Fluctuations and Spin Glass behaviour in LiaLa.6Fe1.408: A
Low Temperature Mossbauer Study using External Field,
S.C. Bhargava.

21. Reorientation Motion of NH» Ions in (NH«) SbFs,
R. Mukhopadhyay, P.S. Goyal and K.R. Rao.

22. Quenching of Phase Transition in Rb-, - xMxH«P0.»,
S.K. Kulshreshtha, M.S. Sastry, P.S. Goyal and
B.A. Dasannacharya.

23. Rescnant Raman Scattering From HgTe, Alka Ingale, M.L. Bansal
and A.P. Roy.

24. Neutron Diffractometer with Position Sensitive Detector,
S.)<. Paranjpe and Y.D. Dande.

25. Linear Position Sensitive Thermal Neutron Detector,
Y.D. Dande, S.K. Paranjpe, G.V. Shenoy and R.S. Udyavar.

26. A Low Loss Variable Temperature Cryostat for Neutron
Scattering Experiments, Saibal Basu, R. Mukhopadhyay, P.S.
Goyal and B.A. Dasannacharya.

27. A E.5 Watt Argon Ion Laser for Light Scattering, Alka Ingale
and M.L. Bansal.

28. Interactive operational features and instrumental parameters
of the triple axis spectrometer at Dhruva,
P.R.Vijayaraghavan and K.R. Rao.

29. System for Minimization of Digitization Error on a PSD
System: A Performance Report, M.K. Sanyal, S.B. Ota and
V.C. Sahni.

30. Personal Computer Based Linear PSD, M.K. Sanyal, J.N. Joshi,
Y.D. Dande and B.A. Dasannacharya.
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31. A Simple Variable Temperature Resistance Measurement Setup,
S.B. Ota, T.V. Chandrasekhar Rao and V.C. Sahni.

32. X-ray Diffraction Studies of the Liquid Crystalline Phases
of 50.5, N.V.S. Rao, P.R. Alapati, V.G.K.M. Pisipati and A.S.
Paranjpe

33. Surface Composition of Cr-Fe alloys using AES
N.C. Jain and Lai it Kumar*

34. Reorientational motion of NH"*".» ions in (NH«)«SbF3f
R. Mukhopadhyay, P.S. Goyal and K.R. Rao

35. *Phase Changes in DPPC-H«O,Induced by the Protein,Lysozyme',
E.B.Mirza, P.S.Parvathanathan, Geeta Datta and K.Usha Deniz,

36. Efforts in laser evaporation for thin films of YBa=Cu30>,,
P. Chaddah, T.P.S. Nathan, G.L. Goswami, Dilip Kumar and
M.K. Malik,

37. Magnetic structure of disordered spinel Zno.sCo0.sFeCrO«
R.Chakravarthy, L. Madhav Rao, S.K. Paranjpe,
S.K.Kulshreshtha, A.K. Soper and W.S. Howells
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PHVB1CB COLLOQUYA

Jan.2 Some Aspects of (p,«) Reactions
Jan.8 Experiments on Fusion-Fission

Hybrid Blanket System - Lotus
Jan.21 Heavy Ion Reactions at Energies

Near the Coulomb Barrier and
Subbarrier Fusion

Jan.22 Hybrid quark Hadron Model and
Electromagnetic Process in
Nuclei

Jan.22 Neutron and X-ray Scattering
from Fractals and Random
Interfaces

Jan.27 Nuclear Landau-Zener Effects
in Nucleus-Nucleus Collisions

Feb.25 Nuclear Reactions in Rocks and
Diamonds

Feb.27 Laser Spectroscopy of Radio-
active Nuclides

April 9 Heavy Ion Resonances in the
Continuum of a"Si - An
Experiment with VEC Alpha Beam

May 3 Magnetic and Transport Proper-
ties of some Dilute Magnetic
Alloys

April 13 Recent Results in Phase Transi-
tions in Liquid Crystals

April 28 Microwave Investigations of the
Relaxational Soft Modes in
Ferroelectri cs

April 30 Confined Quantum Field Theory
of Particles

June 26 Direct Evidence Toward the
Basis for the Nuclear Shell
Model

Aug.20 Current Status of Shock Wave
Research - A Report on the APS
Conference on 'Shock Waves in
Condensed Matter',July 19-23,'S7

Aug.21 Octupole Deformation in Nuclei
Sept.11 Structure of Glycogen Phos-

phorylase
Sept.24 Recent High Pressure - High

Temperature Studies using
Synchrotron Radiation

Oct.13 Analyses of Recent Inelastic
Scattering of Polarized Protons
at Intermediate Energy through
Coupled Channels Schroedinger
or Dirac Formalism

Prof. P.E. Hodgson
Dr.D.V.S. Ramakrishna

Prof.M.A. Nagarajan

Prof. L.S. Kisslinger

Dr. S.K. Sinha

Prof. Jae Y. Park

Prof. D. Lai

Prof. H. Rebel

Dr. M.A. Eswaran

Dr. M. Saran

Dr. R, Shashidhar

Prof. Jonas Grigas

Dr. I.V.V.
Raghavacharyulu
Prof. P.P. Singh

Dr. R. Chidambaram

Dr. C.R. Praharaj
Dr. K.R. Acharya

Prof.M.H. Manghnani

Prof.R.de Swiniarski
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Nov.4 Considerations of RFQ as a
Neutron Source, Both for
High Intensity and Single
Pulse

Dec.14 New Techniques for Fluorescence
Rejection in Raman Spectroscopy

Dec.15 Laser Annealing & Raman Studies
in Ion-Implanted GaAs & HgCdTe

Dec.17 Critical Currents in Fine Fila-
ment Superconductors and in
High T, Materials

Dec.23 Giant Dipole Resonances on
Excited States

Prof.Dr. Peter Junior

Prof.T. Kitagawa

Prof. A. Campaan

Prof. S. Takacs

D.R.Chakrabarty



- 131 -

VAN-DE-GRAAFF SEMINARS

Date

March

April

Apri 1

Apri 1

April

May 4

July

July

Nov.

23

7

14

21

27

22

3)

23

T i t l e

A Proposal for the energy calib-
ration of the pelletron accele-
rator at TIFR.

Color dielectric model for hadrons

Fast particle emission from nucl-
ear reactions, A.

Study of melt kinetics during
pulsed laser treatment.

Correlation between linear and
angular momentum transfer in "I*O
induced reactions.

Preponderance of light particle
emission in heavy ion reactions.

Chemical and other effects in XRF:
some practical considerations.

Recoil mass spectrometer for
Bombay Pelletron.

Neutron induced fission cross
section evaluation.

S.C. Pathak

A. Chatterjee

V. Rajagopal

R.K.Choudhury

R. Mythili

R.li. Agarwal

P. Singh

V. Konshin

SOLID STATE PHYSICS SEMINARS

Date

Jan.28

Feb.4

Feb.11
Feb.18
Fe.b.25

March

March

March

March

4

11

18

25

Title

Design of Super Conducting
Magnets
Use of Path Integral Methods
inb Disordered Systems
Physics of Solid State Sensors
Model Membranes
NAC Transitions in Liquid
Crystals
Isotope Effects in Super-
conducting Transitions
Thermodynamic properties
of Mg.SiCU
Rotational Dynamics of
Liquids
Supermirrors for Neutrons

Ravi Kumar

K.V. Bhagwat

V.C. Sahni
P.S.P. Nathan
K.U. Deniz

P. Chaddah

N. Chaudhary

S.K. Deb

S.L. Chaplot
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April 1 Cold Neutron Sources
April 6 Argon Ion Laser
April 15 Physics with Pulsed Neutron

Sources
April 22 Self Avoiding Random Walks
April 29 Fractals
May 6 Raman Scattering from Photo

Excited Carriers and Phonons
in Semiconductor

June 17 Structure of Metallic Glasses
June 24 Neutron Diffractometer with

Position Sensitive Detection
July 1 Scattering from a Random

Medium
July 8 Investigations on High Tc

Superconductors at TIFR
July 15 Cold Neutron Sources
July 22 First Tests with Neutron

Interferometer at Trombay
July 29 Light Scattering using Optical

Multichannel Detection
August 5 Shapes and Sizes of Crystal

Aggregates with Random
Nucleation Geometrical Theory

August 12 Anomalous Properties of
Water

August 19 Classical Field Theory in
Superconductor Physics

August 26 Experimental Facilities on
the Synchrotron Radiation
Source VEPP-2M at Novosibrisk

Sept.2 Quantum Size Effects in Small
Particles

Sept.9 Stability and Structure of
Quasi Crystalline Al*CuMg.»

Sept.16 Shapes and Sizes of Crystal
Aggregates with Random
Nucleation Geometrical
Theory

Sept.23 Quantum Size Effects in Small
Effects in Small Particles

Sept.30 Report on High-Tc presenta-
tions at LT-18

Oct.14 High Pressure Research with
Diamond Anvil Cell

Oct.21 Structural Instability in
Oxide Superconductors

Oct.£8 The Curie-Shubnikov Principle
of Symmetry

Saibal Basu
Alka Ingale
P.S. Goyal

S.L. Narasimhan
6.A. Dasannacharya
A.P. Roy

Animesh Jain
S.K. Paranjpe

S. Mazumder

A.K. Grover

Saibal Basu
V.C. Rakhecha

M.L. Bansal

R. Subramanian

A.S. Paranjpe

I.V.V. Raghavacharyulu

V.C. Sahni

K.C. Rustogi

M.K. Sanyal

R. Subramanian

K.C. Rustogi

A.K. Grover

S.K. Sikka

S.B. Ota

V.K. Wadhawan
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BflRC REPORT

1. Neutron radiative capture cross section of 232 Th in the
energy rang* 0.1 to 1.2 MeV, H.M. Jain and S. Kailas,
B.A.R.C. 1353 (1987).

2. Design studies of a proton-pion hodoscope, S.K. Charagi,
S.K. Gupta and A. Chatterjee, B.A.R.C. 1388 (1987).

3. Design and Fabrication of a 2.5 Matt Argon Ion Laser
Alka Ingale and M.L. Bansal
BARC/I-908, 1987.

4. "Superconductivity in Power Engineering" BARC-1376, P.
Chaddah, Y.D. Dande, B.A. Dasannacharya, M.K. Malik and R.V.
Raghavan.

THESIS SUBMITTED

Study of Phase Transitions in Quasicrystalline Al*CuMg»
System Using EDXRD and Other Techniques
M.K. Sanyal (1987).
(submitted to Bombay University)

Ph.D. DEGREE AWARDED

Structural Instability and Superconductivity in A15 Compounds
S.B.Ota.

HONOURS CONFERRED

1. Dr. B.K. Jain - Appointed on the Editorial Board of
Modern Physics Letters, Published by World Scientific
Publishing Co.

2. Dr. M.G. Betigeri - Elected fellow of the Maharashtra
Academy of Sciences.

3 . M.K. Sanyal has been awarded the first prize in the
Colloquium for Young Physicists (1987) organised by the
Indian Physical Society.

4. M.K. Sanyal ( jointly with Dr. S.B. Ogale of Department of
Physics, University of Poona ) won the N.S. Satya Murthy
memorial award of the Indian Physics Association for the year
1987.
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BARC TRAINING SCHOOL COURSES

Wo. of Lectures

1. Nuclear Physics '• Dr. B.K. Jain 18
Dr. S. Kailas. 18

H. Solid State Sciences: Dr. P. Chaddah 8
Dr. S.L. Chaplot 8
Dr. M.L. Bansal 10
Dr. S.K.Deb 8

3. Quantum Mechanics Dr. R.S. Subramanian 20

Dr. K.V. Bhagawat HO

4. Accelerator Physics Dr. Arvind Jain 25

5. Computer Programming Dr. Animesh Jain 15

OTHER ACTIVITIES

1. IAEA RCA Workshop on "Use of IBM compatible Personal
Computers for Laboratory Automation and Data Acquisition"
Nov. 23 - Dec. 11, 19S7 , BARC, Trombay
Course Director:- Dr. V.S. Ramamurthy

2. Third Science and Engineering Research Council (SERC of DST)
School in Condenced Matter Physics on "Physics of Interfaces'
Dec. 7-24, 1987, BARC, Trombay
Convener: Dr. V.S. Sahni

3 IPA Seminar on "Pulse Processing Techniques in Radiation
Detection and Spectroscopy"
Dec. 20-24, 19S7, BARC, Trombay
Convener: Dr. S.K.Kataria

4. Dynamics of heavy ion reactions, by Prof. R.H. Siemssen,
Notes prepared by R. Mythili and Amit Roy," Winter
School, Mahabaleshwar (TIPR).

5. High spin states, by Prof. Garett, Notes prepared by
M.G. Betigeri, Winter School, Mahabaleswar.
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