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INTRODUCTION

Nuclear Research Laboratory was established at Srinagar
in 1974 with a view to provide a base for planning and executing various
research activities at the High Altitude Research Laboratory, Gulmarg,
and to initiate applied research programmes in the field of Nuclear
and Radiation Physics, The laboratory was initially set up In three
barracks of the Regional Engineering College, Naseem Bagh, Srinagar
and Jn 1976, was shifted to a private bullding, Samad Villa, Baghat
Barzulla, Srinagar. In June 1981, the laboratory was finally moved
to Its permanent campus at Zakura, Srinagar. The first phase of
laboratory construction is now over and a total space of 20,000 sq.
ft. has been provided. The second phase of construction is mew being

implemented and 38 staff quarters are being constructed on the campus.

Over the past ten years, research facilities in the following
fields have been established at NRL.

1. Space Physics

2. Nuclear Physics

3. Radiation Chemistry and Atmospheric Chemistry
4. Technical Physics

At present the laboratory has a total staff strength of 80,

which Includes 25 sclentists and 11 scientific assistants.

The report gives the highlights of the varlbus research
programmes undertaken at NRL, during the perlod 1974-1984. A list
of papers published in varlous journals and presented at different

conferences/symposia is given at the end.



! Gamma Ray Astronomy

Cosmic gamma-rays, with individual photon energy
2 1 Mey, provide a unique diagnostic tool for the detection
of cosmic ray sources in the galaxy and beyond. Gamma
ray telescopes abroad SASII and .Cos B satellites have already
detected a number of possible point gamma - ray sources
in the photon energy range < | GeV. Further, more than
150 gamma-ray bursts have been detected in Vela and other
satellites, with durations ranging from a fraction of a second
to tens of seconds and sizves in the range 157 erg cr;':z to
163 erg cr'r.12 . It has not been possible to assoclate these
bursts with any known astrophysical séurces. On the other
hand, gahma-ray bursts of micro-second duration have begn
predicted to accompany supernovae explosions and primordial

black hole outbursts, but as yet there have beern no positive

observations of such bursts.

Rece:ly, ground-based systems, employing the
atmospheric. Cerenkov technique (ACT) and the atmospheric
fluorescence technique (AFT), have been used extensively
for exploratory studies of gamma-ray bursts of duration
& lms and for the detection of discrete gamma-ray sources.
at 2 l(‘)leV. In both of these techniqueé, the atmosphere
itself is used both as the target and the radiator and converts
the incident gamma-ray photon into a shower of electrons,

positrons, photons and nucleons. In ACT, electrons above



a certain threshold energy radiate Cerenkov photons in -the
visible and ultraviolet region, withinn 1° of the direction of the
radiating electron . The second method, AFT,makes use
of the fluorescence properties of the atmosphere Where
electrons and photons of 2 | 'keV energy produce excitation
and ionization ’of nitrogen molecules, resulting in a pulse
of visible radiation, the most prominent band being at
3914 A from the first negative band system §f l\+l2.

The main objective of the gamma-ray astronomy
programme at NRL-HARL has been the exploration of the
possible existence of short time-scale (£ I ms) cosmic
x-and gamma-ray bursts through the atmospheric fluorescence
technique and the detection of discrete point gamma-ray
sources a't hig'h energies (> 1012ev) through the atmospheric
Cerenkov technique.

1.1. Atmospheric Fluorescence and Cerenkov Radiation

Detection System at Gulmarg

C.L.Bhat, H.Razdan, M.L.Sapru, 1.K.Kaul

An impulsive burst of gamma-rays (IMeV-1GeV)
predicted to accompany a supernovae explosion or mini black
hole evaporation, produces an atmospheric fluorescence radia-
tion pulse, with a rise-time of v 100 ps and a width of ~
I ms, which' is sufficiently intense.-to be detected against
fluctuations in the night-sky ‘background. Figure 1 gives 4he
biock diagram of the Gulmarg system employed * to. detect

such a fluorescence pulse. It essentially conslsts of three
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photomultiplier tubes, exposed to the night sky on clear
moonless nights. Two of the photomultipllers are coveréd
by violet filters (50% transmission in the 3400-4200A band),
while the third is covered with a yellow filter (50% trans-
mission for A > 4300&). The differences in the temporal and
spectral characteristics of atmospheric Cerenkov and atmés-
pherle fluorescence 'radiation are utilized to Identify the
recorded pulses from the two processes and the data are
then used to study fhe cosmic association of the recorded
events.

A lightning channel Is also Incorporated In the
system to monltor short time-scale { & Ims) varlations in
the atmospheric potential lgradient and thereby help dis-
criminate against optical events of lightning orlgin. The
observed event profile, alongwith Its absolute occurrence
time provided by a digital clock, Is recorded by a CRO-camra
ar'rangement. The clock is maintained accurate to ~ Ims
by regular time-synchronization with high frequency time-

signals from ATA, New Delhi and RWM, Moscow.

Figure 2 shows an oscillogram of a typlcal atmos-
pheric fluorescence puise recorded by ther Gulmarg system.
It Is characterised by negllgible outputs in the yellow and
lightning channels and a spectral ratio Av/Ay nv 531, where
Av and Ay respectively represent output pulse amplitudes
in the violet and yellow .ﬂlter channels. Out of a total of
109 candidate fluorescent events, recorded in 1674 hours
of observation time, 96 are likely to be optical lightnings,
whereas the other 13 razpresent candidate event for cosmic
gamma-ray bursts. For two of thesa events recorded on

Aug. 17, 1972 and Sept., 11, 1977, the occurrence



times are compatible with the event origin in optical super-
novae detected in the galaxy NGC 735 and a faint spiral
galaxy with right ascension 2h 0lm and declination ll° u3'
If these associations are correct, the temporal features
of these events can be intefpreted to imply that the supernova
prompt photon burst has an overall duration 2 Ims and consists
mainly of keV - GeV photons. On the other hand, if r;one
of the recorded fluorescent events has a supernova origin,
an updated upper limit (at 99% confidence level) of~5x10#
ergs can be set on the prompt emission of gamma-rays from
a supernova explosion.
1.2 Detection of Optical Bursts from Primordial Black Hole
{pbh) Explosions:

C.L.Bhat, H.Razdan, M.L.Sapru

The terminal stage of the evaporation of a pbh
is expected to be explosive and accompanied by the release
of a burst of particles and gamma-rays. The’ collective
interaction of these particles with the interestellar magnetic
fields produces a coherent obtical pulse (E dlg’oergs,‘fﬂllo'
seconds, M;Sbh = 10I5 grams), which can be recorded by ground-
based systems operatng in coincidence over a long base-
line.

An experiment to detect frac-tional microsecond
duration optical pulses of possible cosmic origin, has been

carried out by using two identical detector system at Gulmarg

and Srinagar, separated by a distance of ~ 30 Km. Each

6
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system consisted of two 10" dla. photomuitipliers, viewing

the sky on clear moonless wights within a cone of 500
semivertical angle. In 74 hours of overlapping observatlons,

while the number of observed coincidences for coincldeace

vate widths > 5ms were compatible with random expectation,
one optical pulse (rise tlme ~+ 200 ns, width & 2 ps) was

recorded simultaneously by the two systerms (within~

1 ms), as against a chance expectation of 0.14. Assuming

this event to be a genuine pbh event, an upper. limit

of 0.33 events pES yF' can be set on the pbh exploslon

rate. This value is an order of magnitudé lower than

the upper limit available at present.

1.3: A Non-Random &:omponent in Cosmic Rays d:‘x energy

1#
210 eV,

(C.L.Bhat, M.L.Sapru, C.L.Kaul, P.R.Sarma)

The atmospheric fluorescence and Cerenkov
radiatlon detection system, operated at Gulmarg during
the period 1972-1977, has recorded Cerenkov light pulses
from exiensive alr showers for nearly 70% of its on-time
at the rate of ~ 1 event/min. The extensive élr showers
are mostly initlatea by cosmic ray protons of energy
p-3 10M eV. Because of scattering by interstellar magnetic
fields, the prlmary cosmic ray protons are lsbtroplzed
in gpace and time. and arrive randomiy at ~arth, so that
the arrival-time distﬂbution of the events flts an exponential
of the form e->~t (A= average event rate, t = time-seperation
between successive events). Gamma ray Initlated showers,
on the other hand escape randomization because of the

charge neutrality of the gamma-photon so that any periodic point
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source of gamma-rays Is expected to Introduce a non-random
contributlon in the arrival-time distribution of the observed
Cerenkov events.

The arrivai-time distribution of ~s 10,000 atmospheric
Cerenkov events, recorded by the Gulmarg system, has
been studled to Investigate a possible non-random component.
Figure 3 shows the observed distribution of time seperation
t between topsecutiveé events, on a 10 second bin -slize,
alongwith the theéretlcal exponential fit to the distribution,
The analysis reveals a 12% overabundance of events for
t < 40 seconds. Flgure 4 shows that the implied .non-random
componeni has a sidereal origin, because the high event
rates exhiblt a marked preference for the right ascension
range 20403 hours. The results can best be explained in terms
of tﬁe emission of. ultrahigh energy gamma rays ( 3 l‘(‘)‘ ev)
from 6ﬁe or more point sources In the general direction
of tha galactic plane.
1.4 A Very Long Baseline Search for Correlated

Air Showers
C.L.Bhat, H.S.Rawat, H.Razdan, M.L.Sapru, S.C.Tonwar

Two alr shower arrays were operated simultaneously
at Gulmarg and Ooty (baseline ~ 2500 Km), during Dec.1981 —
Sept. (982, to <etect coincident air showers expecgted to
‘be produced by cosmic gamma ray bursts of Individual photon
energy > l(|1+ eV and relativistic dust grains emitted by puisars.

The use of a long baseline helps in reducing the chance



colncidence rate due to unrelated cosmic ray showers and
elimlnates local sources of noise, like lightning discharges
etc. During 684 hours of overlapping observatlons, only one
colncident event was observed within the ultimate time
resolution of | ms, compared to a chance expectation of
0.7, thus making a genuine cosmic origin of the event unlikely.
The number of coincident events observed for different
coincident gate wldths , In the range of | ms-1s,were also
found to be comparable with the corresponding chance expectation
due to background cosmic ray Initlated showers. The results
have been used to derlve an upper limit of Nng ergs on
the prompt emission (within 0.1ps) of high energy gamma-rays
(ll'? eV—l'04 eV) from supernovae explosions. Similarly, assuming
that the terminal stage of primordial black hole explosion
leads to the generation of a burst of 2 164 eV gamma—rays,
the upper [imit on the pbﬁ evaporation ratend 93% confidence
level is estimated to he ~v 3x 156 events [;:5 y_r‘; The present
null result glso leads to an upper limit of 0.1 events da;‘
on the frequency of ‘correlated alr showers arising {r~m the
photo-dlswfgeratlon of a relatlvistic dust grain emltted from
a pulsar in the sol'a;r neighbourhood . Demanding that 4 extenslve
alr showers be detected at each location within one minute
to slgnlf)} an event, the dust graln should comprise l‘os
Fe atoms 1f [t completely disintegrates into Individual
nuclel at a distance of 100 A.U. and gives a beam of particies
of angular size 10 s radians.. This corresponds to a dust grain
diametér of 1.5 x 165 cm. Further, taking the average

. -7 3
galactic density of pulsars as 3 x 10 pc and a power
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law energy spectrum with a differential exponent of -2,we ob-
tain-a mass, loss. rate of 1C MO y?‘ from a pulsar In the
form of relativistic dust grains of energy >:£,9/ eV n_e‘r nucleon.
This leads to an energy loss rate of £ 10 ergs s In com-
parison with the total energy loss rate of ET ergs 5! de-
duced for the Crab pulsar from its spin down rate, implying
that the emission of relativistic dust grairs may not be a

dominant sourcz of energy loss in the case of pulsars.

1.5: Possible Origin of Cosmic Gamma-ray Bursts In Globular

Clusters:
H.Razdan, C.L.Bhat

A number of x-ray bursters, with burst energies
and time scales similar to that of cosmic gamma-ray bursts
(GRB) . have been identifled with galactic globular clusters.
This fact together with the observation of an apparent
lack or GRB sources in the galactic disk, suggests a possible
origin of the GRB in globular clusters. To explore this possi-
bility, a comparison of the size spectrum of GRB has been
made with the spectrum expected if the bursts are generated
within globular clusters, which form a spherical system of
radius 20 kpc around the galactic centre. A spectral Index
of ~v 1.52 for the cluster size spectrum, for sizes 23 x 10
ergs cme y Is in good agreement with the Vela and Imp
7 gamma ray burst data (Figure 5). Further significant
positional assoclation is also observed between Individual
gamma ray burst locations and the positlons of giobular
clusters, especlally in the case of GRB from high

galactic latidues, showing thereby that the avalilahle
observational data on GRB is compatlble with their
source location in globular clusters . It is suggested



that the preferential gamma ray burst activity in globular
clusters at high galaétlc latitudes may result from the
fact that the nuclear burning member of the binary system

Is In a comparatively late stage of evolution.

\4
1.8: Pulsed Flux of 5xl0 eV Gamma Rays from Cyg.X-3
(C.L.Bhat, M.L.Sapru, H.Razdan)

A phase - histogram analysls oi atmospheric
Cerenkov pulses recorded. during 1976-1977, Ly a wide-angle
photomultlplier system at Guimarg (India), has revealed
a pulsed component of point-source origln, exhibiting
the characteristic Cygnus X-3 modulation of 4.8 hours.
Its amplitude is 2.630.3% and duty cycleg 5%, corresponding
to a detected average flux of (2.610.4)x15‘2 photon cr;lz ; ‘
at = 5x1:)+eV. Taken together with other spectral measure-
ments (l(‘)‘-- l(‘JeeV) from Cyg X-3, it suggests a long-term
flux reduction by a factor of £ 2 per year for an assumed
source distance of 11.6 kpc. The study also indicates

it 12
that the fluxes detected earlier in the 10 - 10 eV

reglon are afigmolously lowers possibly on account of
significant attenua:ion of the  emitted gamma-rays
through pair production Interactions with the optical
photon fleld around the companion star of the Cygnus

X-3 binary system.
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1.6s The Guimarg Atmospheric Cerenkov Telescope
H.Razdan, C.L.Bhat, R.K.Kaul, R.Kaul, H.S.Rawat,
M.L.Sapru, V.K.Sanecha, R.C.Rannot, A.K.Tickoo, R.A.Qazl,
L.K.Kaul '

An atmospheric Cerenkov telescope has been
commissioned at Gulmarg to study cosmic gamma-ray sources
at energies > 10‘2 eV. The telescope at present employs
six parabolic mirrors (30 cm diameter), coupled to 5" dia.
fast photomultipliers and is divided Into two independent"
telescopes of 3 mirrog each. The mirrors are fixed on
equatorial mountings and are exposed to the sky on clear
moonless nights to detect Cerenkov lght pulses of < 100ns
duratlon. The telescopes are operated in the tracking
mode and each mirror dc capable of Independent motion
in both right ascension and declination. The system threshold
has been estimated to be 5“—04 —l:)% ergs anz and extensive
air showers. Initiated by cosmic rays of energy> l(')z ev
have been registered at the rate of ~v1i 3. The telescope
has been used for a study of the possible gamma ray source

2CG195+04 {Geminga) and about 10 hrs. of data has already ,

been collected.

1)
1.7 Primary Cqsmlc Ray Energy Spectrum around 10 eV

C.L.Bhat, H.Razdan, M.L.Sapru, P.R.Sarma

The two wide-angle photomuiiiplier (EMI95458B)
system , exposed at Gulmarg on clear moonless nights,
detects coincident Cerenkov light pulses from extensive

alr showers, Initiated largely by primnary cosmic ray protons.
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The system threshold for shower detection has been determ-
ined from the fluctuations in night sky background and
is~6xlOMeV. A pulse height analysis of ~ 3000 eveﬁts,
observed during 60 hrs. of observations, indicates a break

in the primary cosmic ray energy spectrum around lOljeV,
which persists even when the system fieild of view is re-
stricted by collimators to exclude obliquely incident shuwers.
Figures © and 7 show the integral pulse height spectra
obtained with the two detectors, with seperate least square
fines fitted to the data points in each case. The fitted
lines have slopes of 1.90:0.02 and 2.20+0.02 for detector{ and
11.85:0.02 and 2.2040.02  for detector 2, with the chaige-
over in the spectrum occurring at 0.95X1015ev and

l.OQxlOljeV respectively. The results confirm the existence

of a bend in the primary cosmic ray energy spectrum
around lOljeV and also demonstrate the capability of

the atmospheric Cerenkov technique for the study of cosmic

ray energy spectrum.

2. Cosmic Ray Modulation Studies

Observations of magnetic fields, solar plasma

and cosmic rays in interplanetary space by satellite - borne
detectors, alongwith the study of cosmic ray time variations
on earth, have shown that cosmic rays can be used as a
sensitive diagnostic too: for studying various solar phenomena
vand for probing the electromagnetic state of the inter-
-planetary space. Among all the ground-based cosmic r.ay

detectors, neutron monitors are found to be the most suita

able for the study of solar modulation of cosmic ray
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intensity due mainly to their lower rigidity response. A
large number of ncutron monitors have been operating at
various places all over the world and form a well distributed
grid of stations. An IGY type neutron monitor, comprising
20 boron trifluoride counters with a total counting rate of
o 2,60,000 coums hT", has been operating at Guimarg since
1969, The main objective of the cosmic ray modulation
studies at NRL is the study of cosmic ray diurnal anisotropy
characteristics during both electromagnetically quiet and
disturbed periods and the investigation of the origin of
Forbush decreases, by studying the plasma and  magnetic
field configuration of interplanetary space {ollowing the
occurrence of solar flares and rvecurrent high speed solar
wind streams. The relationship between active regions and
solar coronal holes has also been s(udied by the analysis

of ground-based cosmic ray data.

2.! Anomalous Cosric Ray NMiurnal Anisoiropy:

H.Razdan, M:M:Bemalkhedkar
The Gulmarg neutron monitor data and data from

the worldwide network of neutron monitors has been used
to study the characteristics of cosmic ray diurnal anisotropy
on a daily basis. The study has revealed the existence of
a new type of enhanced diurnal anisotropy, designaied as
Anamolous Diurnal Anisotropy, which occtirs during the re-
covery phase of Forbush decreases. As shown in Figure 8
the anamolous diurnal anisotropy exhibits large ampli.tude
of v1% (as against an average value of 0.4%)and has a time
of maximum in the 0900 hour direction in interplanetary
space, as compared to a maximum in the 1800 hour direction
in the case of the average co-rotational anisotropy. The
Forbush decreases prece ding the days of énamolous

diurnal anisotropy are found to be associated with 27-day
recurrent solar M.-region streams and are in some cases
preceded by east limb solar flares. The results have been
eyplained in terms of an enhanced ontward convection of
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cosmic ray particles and inward diffusion along the garden
hose direction in the presence of a transient modulating
region from a corotating stream. The various cosmic ray
streaming vectors which lead to anamolous diurnal anisotropy

are illustrated in Figure 9 .

A study of cosmic ray diurnal anisotropy on a
day-to-day hasis has revealed that on r1 4% of the days,
the diurnal anisotropy exhibits anamolous behaviour, witk
the time of maximum in the 6-12 hour direction in inte.
planetary space. This guiet-time anamolous diurnal anisotropy
generally exhibits low amplitudes {~ 0.2%)and is found to
occur in groups of several days which are not associated
with enhanced solar wind velocity or solar cosrmic ray emission.
A model of the electromagnetic state in the interplanetary
space has been built to explain the quiet-t;me anamolous
diurnal anisotropy in terms of a significant contribution
to the streaming from field perpendicular diff ision in the
solar equatorial plane and the simultaneous additional streaming

due to helio-latitudinal cosmic ray density gradients.

2.2: Long Term Modulation of Cosmic Ray Diurnal

Anisotropy
R.K.Kaul, H.Razdan, M.M.Bemalkhedkar, C.L.Bhat

Cosmic ray diurnal anisotropy has exhibited a very
anamolous behaviour during the solar minimum period of
1954, when for a period of three months (July-September,
1954}, the time of maximum shifted .towards early morning
hours and the amplitude reduced to a negligibly small value.
This effect was not observed |l years later, during the solar
minimurm activity period in 1965. Using -the data from Guimarg
neutron monitor, together with the data from the worldwide
network of monitors, a study was conducted to investigate
the possible 22-year recurrence tendency of the anamolous
diurnal anisotropy.' It was observed that the diurnal anisotropy
observed by high threshold rigidity monitors (Gulmarg and
Tokyo) exhibited a morning maximum on a large numbet
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of days during July-September 1976, leading to negliglbly
small amplitudes of the mean monthly vectors, similar
to that observed in the case of low threshold rigidity
monitors during Feb.-March 1977, suggesting that the
anamolous diurnal anisotropy observed at solar minimum
epochs is 22-year recurrent. The observed anamolous
diurnal anisotropy has been related to the occurrence
of a preferentially unidirectional interplanetary magnetic
field configuration ( absence of sector structure} around
the solar minimum periods and the resulting B X ¥ N
streaming due to heliolatltudinal density gradients.

2.3: Study of the August 1972 Forbush Decrease Events:
( S.P.Agarwal, A.G.Ananth, M.M.Bemalkhedkar,

L.V.Kargathra, U.R.Rao, H.Razdan)

A series of spectacular cosmic ray events,
which Include two relativistic solar particle enhancements
and three major Foirbush decreases, was registered during
Aug. 4-9, 1972. Figure 10 shows the cosmic ray Intensity
varlation recorded by the neutron monitors at Gulmarg
and Ahmedabad and the meson monitors at Ahmedabad,
during this period. The three Forbush decreases exhibited
interestlng and complex behaviour, including the occurrence
of a pre-increase and a universal time Increase. A mode!
has been developed to explain these features in terms
of a transient modulating region associated with the
passage of a shock front. Evidence from interplanetary
plasma, radio and magnetic field measurements supports
the proposed model, Figure 1l summarizes the essentlal
features of the model which invoives a region of high
tangled magnetic fieids behind the leading edge of the
shock front, where the cosmic ray particle flux Is highly
depressed. nnmediately behind this region is a region
of enhanced particle flux, with sharp denslity gradients,
followed by the main magnetic cavity with well-ordered
magnetic fields and depressed particie density. The cosmic
ray intensity within the cavity recovers exponentlally

with tlme and ground-based monitors observe different

cosmic ray intensity
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variations as the cavity convects pasti the earth.

2.4t Origin of Cosmic Ray Forbush Decreases and their
Assoclation with Solar Flares, High Velocity Soiar Streams
and Interplanetary Magnetic Blobs
(G.N.Shah, C.L.Kaul, H.Razdan)

Transient decreases in cosmic ray intensity known
as Forbush decreases, are believed to resuit from solar
plasma and magnetic field disturbances propagating through
interplanetary space. A statistical study of Forbush decreases,
chserved by ground-based monitors during the perlod 1966-
1975, has revealed , that in addition to solar flare plasma,
high velocity solar wind streams also lead to such decreases.
Classifying Forbush decreases into recurrent and non-recurrent
categories, on the basis of thelr recurrence with respect
to Interplanetary magnetic field blobs of duration 2 4 hours,
It has been shown that unlike in the case of a recurrent
decrease, a non-tecurrent decrease is always preceded (within
10-100 hours) by a flare of importance 2 {B /2N. The results
can best be understood by assuming that non-recurrent de-
creases are primarily caused by flare~inltiated disturbances
whereas recurrent decreases are caused by high velocity
solar wind streams. In case a flare is observed to precede
a recurrent decrease, the cosmic ray intensity time profile
is modified due to the simulteneous presence in Interplanetary
space of a modulating plasma cloud both from the flare

and the corotating stream { Figure {2).

Analysis of Forbush decreases has also been carried
out in relation with the Interplanetary magnetic fleld and
plasma data, obtained from various earth-orbiting satellites
during the period 1966-1975. Figure |3 shows the superposed
epoch analysis of the hourly values of solar wind velocity,
plasma density and magnetic field strength in the lntérplanetary
space, with the onset time of Forbush decrease as the epoch.
The significant differences between the three sets of daia,
corresponding to non-recurrent decreases lnitiated by flares,
recurrent decreases not preceded by flares and recurrent
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decreases preceded by flares respectively, can be explalned
o the basis of flare and/ or stream plasma sweeping past-

the orbit of earth at the Forbush decrease onset time,

2.5t Forbush Decreases, Interplanetary Magnetic Field Blobs

and Coronal Holes
G-N.Shah, C.L.Kaul, H.Razdan

A study of the relationship between cosmic ray
Forbush decreases and the inierplanctacy  magnetic field
has revealed that the onset of a Forbush deciease ts always
preceded by the passage ol an interplanciary magnetic field
blob across the carth's orhit. However, this alone does not
seem to be a sufficient condition for the occurrence of
a Forbush decrease. becanse n laige muaber of weil-defined
magnetic blobs did not produce anv  decresse in cosmic
ray intensity during [(966-1275. Further, the Forbush decrease
amplitude is neithor correlated «with the peak inlensity In
the magnetic blob nor with the magnetic field gradient

at the leading edge of the bloh (iguresidand 15 ).

Forbush recreases have also been studied in relation
to solar coronal holes for the period 1972-1974. It has been
shown that while the majorlty of coronal hole passages are
followed by geomagnetic storms . only a few coronal hole
passages are followed by Forbush decreases. The Forbush
decrease Initiating coronal holes are observed to be asoclated
with solar wind streams having large velocity gradients,
high ion density and high magnetic fields at their leading
edges. Some common interplanetary features present during
the stream - associated and flare-associated decreases,
llké interplanetary magnetic field structure, dominant peak
in ion density and solar wind v;locity gradients etc., have
been Identified. In particular, theAcomponent of Interplanetary
magnetlc field is found to attain large nepative vclues in

the case of coronal holes followed by Forbush decreases.

2,6: Distribution of Active Regions on the Sun:
(G.N.Shah,C.L.Kaul, H.Razdan)

Active regions are the sources of solar fiares
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which produce important effects in terrestrial atmosphere,geo-
magnetic fleld and interplanctary space. For a detailed

understanding of thelr birth and decay, an attempt has been
made to study the active region distribution on sum, for
e~ 120 sclar rotations, covering the period 1965-1974, It
has been shown that for extcnded periods of time, during
solar cycle 20, the solar active regions were mainly confined
to two longltude zones ~v 180 apart (Figure 16), The clustering
of active regions appears to be more pronounced in the northern
than in the southern hemisphere of the sun, which in the
light of earlier results obtained for solar cycle 19, suggests
the exlstence of & hemispherical asymmetry in the distribution
of active reglons that reverses with a perlod of ~ {1 years.
Further, the two longitude zones of active regions are found
to shift by~6aper solar rotation to the east of their previous

locations (Figure 17).

2.7t Relation Between M-regions and Active Regions:
{G.N.Shah, C.L.Kaul, H.Razdan, M.M.Bemalkhedkar)

M-regions are the quasi-permanent regions on sun,
devold of any physical features, which are responsible for
27-day recurrent geomagnetic disturbances. Satellite observa-
tions have shown that M-region initiated geomagnetic
storms are usually accompanied by recurrent Fo rbush decreases
and hlgh velocity solar wind streams. Utilizing worldwide
observations on cosmic rays, it has been shown that the
onset of a 27-day recurrent M-region disturbance in cosmic ray s
is accompanied by the presence of a class of active regions
near the central meridian of sun, which frequently glve rise
to solar flares of importance 2> 2B/3N (Figure |9 ). Making
use of the gquasi-radial nypervelocity approximation for solar
wind propagation, the base of the leading edge of the high
velocity solar wind stream from the M-region has been traced
to nv I&OOW of the central merldian of sun. From these results
it Is condluded that M-regions lie preferentially to the west
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of large active region complexes. Since active region com-
plexes have been shown to shift to the east of their previous -
locations by ~ 6° per sofar rotation, it suggests that M-regions
are born to the west of active regions, at the sites where
old active regions are decaying to form open magnetic
field structures. Such field configurations are favourable
for the {formation of high velocity solar wind streams, a

characteristic feature of M-regions.

3. SOLAR TERRESTRIAL REL ATIONSHIPS:

Solar flares, sun spots, high velocity solar wind
streams and the interplanetary magnetic field sector structure
are various manifestations of disturbances occuring on the
sun, which have a profound effect on the earth's magnetic
field and upper atmosphere. A number of convincing findings
have also appeared that link the earth's weather to solar
and interplanetary parameters. The research activities of
NRL have mainly focussed on the study of the various aspects
of solar activity and the interaction between solar radiations
and terrestrial atmosphere. Some interesting results havc
been obtained in the field of sun-weather correlations and
the asymmetrical effect of solar disturbances on the northern

and southern hemisphere geomagnetic field.

3.1: Solar Proton Events and Terrestrial Weather:

G.N.Shah

The study of the effects of energetic solar particle
influx into the earth's atmosphere on Vorticity Area Index
(V'AI) has proved very useful in the recent sun-weather
correlation studies. The response of atmospheric Vorticity
area index to solar proton events for a period of [9 years
(1954-1972), has revealed that VAl reaches a minimum
one day after the entry of high energy solar protons into
the earth's atmosphere. In contrast with the other sun-weather
correlations reported so far, the decrease in VAI (~/ 11%)
is observed only during the summer months (Figure |9 )
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The effect is seen cunsistently during the period 1954-1969,
covering full solar cycle 19 and the first half of solar cycle
20. The analysis further reveals that the period (970-1972
does not show the behaviour seen for the rest of the period
(1954-1969), suggesting -that the sun-weather effect may
have undergone a change during 1970-1972.

3.2: Asymmetry in the Response of Geomagnetic Field to

Solar Disturbances:
(G.N.Shah, R.K.Kaul,C.L.Kaul, H.Razdan, W.M.Wilcox,
W.Merryfield)

Geomagnetic activity has been saggested as a
possible link in sun-weather correlations. Since some sun-
weather relationships, especially the VAl - Sector boundary
crossing effect , seem to exhibit seasonal and hemispherical
asymmetries, an attempt was made to study the possible
existence of similar asymmetries in geomagnetic acti‘vity.
For this purpose, the onset times of solar proton events,
solar flares and cosmic ray Forbush decreases were chosen
as the indicators of solar activity and the behaviour of magnetic
activity indices ap, an and as following solar disturbances
was studied. The results indicate that the geomagnetic
field is more prone to disturbances around the June solstice
than around the December solstice, as evidenced by a larger
enhancement in geomagnetic activity following the onset
of transient solar disturbances occurring in the 3-monthly
period around 21 June than in the corresponding period around
21 December (Figure 20 ), Further, an asymmetry between
the northern and southern hemisphere geomagnetic activity
is also exhibited independent of the level of activity. As
shown in Figure 21, the hemispherical asymmetry exhibits
a regular annual variation with a maximum of 60% around
June solstice and is almost absent around December solistice
showing the inherently larger susceptibility of northern hemisphere
geomagnetic field to solar disturbances. The reason for such

an effect needs to be explored further.
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3.3 ¢+ Effect of Cosmic X-ray Source Tau X-1 on D-Region

lonization
(R.K.Kaul, H.Razdan)

A long wave (LF) propagation experiment was
conducted at Gulmarg during the period 1974-1980, to examine
the possibility of detecting cosmic x-ray sources through
their ionospheric effects. The technique involves the measure-
ment of the signal strength of l-hop signais from the l6#%
KHz CW radio transmissions from Radio Tashkent and co-
rrelating the observed signal strength variations with the
transit of various cosmic x-ray sources. Increased. absorption
of the le4 IHz waves, corresponding to increased D-region
ionization at the time of the transit of Tau x-1 over the
Tashkent - Gulmarg reflection point, was observed consistently
during the period 1975-1977, as depicted in Figure 22 . On
a day to day basis, the signal minimum observed at the_time )
of Tau X-1 transit, is shown to exhibit a sidereal time shift'A
of ~v & minutes/day  (Figure 23), indicating that.the signal
minim~ are indeed associated with the transit of Tau x-1,
The observed absorption has been sho.wn to depend on the
level of ambient .ionization, possibly due to a variation in
the mesospheric nitric oxide concentration with geomagnetic

activity.

3.4: Charged Particle Measurements in Space from OGO-VI
Albedo Neutron Detector
(R.K.Kaul, fi.Razdan, J.A.Lockwood)

The University of New Hamisphire, U.S.A., neutron
detector on board OGO-VI satellite had an auticoincidence
shield of charged particle detec tors, which formed an omni-
directional " charged particle detector of large geometrical
factor (950 cnt* strand energy thresholds of > 1.5 MeV for
electron and 2 13 MeV for proton detection. Analysis of
the charged particle data on various satéllite orbits has
revealed the existence of a quasi-permanent ring of MeV
energy particles arougg f'r\e 'e_a'rth‘s equator, with fluxes
of r~v 50-70 particles m s str. This ring of quasi-trapped

particles was found to lie below the inner radiation belt
B @
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parison of the observed fluxes with earlier measurements
~evealed a power law energy spectrum for these particles
(Figure 24 )with an exponent of ~/~3. These particles have
been attributed to outer belt protons lost through charge
exchange process, the neutral hydrogen being reconverted

into protons at lew altitudes through charge exchange with

atomic oxygen.

The charged particle data from OGO-VI was also
used to estimate the cosmic ray radial density gradient.
For this purpose, charged particie fluxes measured in the
polar regions (A2 80) were corrected for the altitude variation
and the contribution from gplash and re-entrant albedo,
to yield a flux of 2.858+0.008 particles CrrT2 ;l at 1000 Km
altitude. A éomparison of this value with the Pioneer VI
measurements of the cosmic ray flux in deep space, leads
to a value of 6.92:2.0 %/A.U for the cosmic ray radial density

gradient.

3.5t Non-Magnetospheric Origin of Fast Atmospheric  Pul-

sations

(C.L.Bhat, M.L.Sapru, R.K.Kaul)

Analysis of ~v 30,000 optical pulses of atmospheric
origin, with time-scales £ lms, recorded in the Guimarg
atmospheric fluorescence detector, has revealed that the
so-called fast atmospheric pulsatvion events recorded in similar
experiments elsewhere, cannot be attributed to radiation
belt particles precipitated into the atmosphere. It has been
shown that the temporal and épectral characteristics of
the f.st atmospheric pulsation events are not compatible
with that expected for atmospheric fluorescence radiation
excited by photons and charged particles of 3 | KeV energy.
It has been suggested that the réported fast atmospheric
pulsatior activity may represent a form of local noise,
produced at low altitudes in the atmosphere'and most probably

of man-made origin.
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4, Neutron Generation in Lightning Discharges:

(G.N.Shah,H.Razdan, C.L.Bhat, Q.M.Ali, S.R.Kaul}

Intense c¢lectric discharges through thin, deuterium
enriched polymer fjbers have been shown to generate 2.45
Me¥ neuirons by Deuterium-Deuterium fusion. Based on
the broad similarities between laboratory discharges and
natural lightnings, the generation of such neutrons in lightning
flashes at yields of ~ 10 neutrons/lightning stroke, has been
predicted . An ea!lier experiment, using fission track detectors
placed near lightning arrestors, has failed to confirm neutron
production in lightning discharges. A modified IGY type
neutron monitor was used at Gulmarg , during the period
1980-1984, for the possible detection of neutrons from indi-
vidual lightning strokes for a time interval comparable with
the actual duration of the discharge (320 ps) during which

the cosmic ray neutron background is almost zero.

The mean energy response of the neutron monitor
at Gulmarg has been reduced to a few MeV by removing
the lead completely and by reducing the thickness,bf the
paraffin wax moderator. This modified low energy neutron
monitor comprises 2! boron trifluoride counters, each’ 90
cm long and 3.8cm in diameter, spread in the form .. -of
a pileyon 28 cm thick paraffin wax slabs of surface area
3x 10 cmz,' and covered on top with' 8.5 cm of paraffin,
sufficient . to thermalize neutrons of 2.5 'MeV energy. The
monitor has an integrated count rate of ~s 36000 counts per
hour (statistical error = 0.53%) and continuously monitors
the low energy atmospheric neutron background. Figure 2.5
shows the variation of observed count rate as a function
of atmospheric pressure, the pressure coefficient being
~  -0.7%/mb.

Figure 26 shows the experimental arrangement used
for the detection of neutrons from ‘lightning discharges.
The lightning stroke is sensed by recording the electromag-

netic pulse, which activates a clock to record the time
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till the first neutron is detected in the pile. This in turn
activates a sequential counter in which any neutrons subse-
quently reaching the detector are counted in four identical
gates of total width 320 ps. The time delay between the
detection of the electromagnetic pulse and the detection
of the f{irst neutron in the pile, alongwiith the number of
neutrons detected during 320 pts is recorded on a printer.
The former gives an estimate of the distance to the light-
ning stroke and the latter enables the evaluation of the
neutron yicld from the lightning stroke. Since the cosmic
ray background neutron rate in 320 Ms is negligibly small,

such a mode of operation gives a high signal to noise ratio.

During the period May 1980- May 1983, the system
was triggered 11,200 times by lightning discharges. During
the same period it was also triggered manually on 8,400
occasions by fée'ding,g pulse to the electromagnetic channe!l
at randomly chosen epochs. The time distribution of single
neutron events is shown in Figure 27 . Exponential curves
fit both the data sets (Lightning triggered events and manually
triggered events) and yield a count rate of ~ 16/s, which
is the background count rate of the monitor. This indicates
that single neutron events are not related to lightning discharges

and are only cosmic ray background neutrons.

Table | compares the frequency of lightning tri-
ggered (LT) events as a function of neutron number recorded
per event, with the corresponding number of manually triggered
(MT) events. There are only 4 MT events recorded with
3 Heutrons/event and none with 23 neutrons/event.lr On the
other hand, 124 LT events have been registered with 2 3
neutronsf/event including 59 events with 3 6 neutrons/event
and 39 events with 2 9 neutrons/event respectively. The
large differences in the relative number of LT and MT events

and in the neutron yield/event, show that the LT events
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with 32 3 neutrons/event must be associated with the light-
ning discharges. The distance to the causative lightning discharge
has bven calculated from the measured time-delay- between
the dctection of the electromagnetic pulse and the first
detected neutron and is used to derive a neutron yield of
8.8xl()b ~2x10 neutrons/stroke for é# events, assuming

the newtron energy to be 2.5MeV. The results provide the
first positive cvidence for neutron production in natir.l

lightiung discharges.
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3. Nuclear and Solid State Physics:

A programme to study a variety of organometallic
polymers, through Mossbauer spectroscopy, was initiated
at NRL in 1974. Metallopolymers can play an important
role in various biological systems and because of their char-
acteristic semiconductor and dielectric properties, may also

have potential applications in the field of electronics.

A constant velocity Mossbauer spectrometer with
a loud speaker drive system was installed at NRL in 1974
A serict of new metallopolymers were made at NRL from
various inonomers, with the aim of studying long range effects
and o~ X interactions. To start with,  polymetallomethacrylates
and acrylates were made with Fe-5 as the probe and other
metals {(Zn, Ag, Pb etc. ) were introduced in the monomer
and were suhsenyently polymerised by  gamma-irradiation.
5.1: A Constant Velocity Mossbauer Spectrometer Free of

Long Term Instrumental and Radioactive Decay Drift
(P.R,Sarma, K.C.Tripathi, A.K.Sharma)

in the Mossbauer spectroscopy of polymer samples,
which generally contain a small percentage of the Mossbauer
absorber, measurements over a long time become necessary
to get a spectrum of good statistical quality. It is, therefore,
imperative that long term instrumental drifts and radioactive
decay drifts be avoided in a constant velocity loud speaker
type drive system. Two new control circuits were developed
to avoid both these types of drifts. The circuits generate
a staircase type waveform instead of the square wave form
in the conventional drive system, so that in each oscillation
the source remains stationary for a fraction of the time
period. The gamma rays counted during tais period are monitored
alongwith positive and negative velocity counts and are used
to correct any fluctuations in the count rate by feeding
these pulses in the timer. Figure 28 shows a comparison



26

of Mossbauer spectrum of sodium nitroprusside taken
with the conventional {loud speaker drive system) and
the modified drift free system,

5.2: Mossbauer Studies on Polymetallomethacrylates:

(K.C.Tripathi, P.R,Sarma, H.\.,Gupta)

Poly-iron-methacrylate and poly-iron-zinc=-
methacrylate were studied by Nosshauer spec.roscopy
at room *emperature, The samples were prepared by
rescting methylmethacrylic acid as monomer with
Ferriqéhloride and irradisting the product with Co
gamma-rays. Mossbauer spectra were tsken using 1.5 mey
5-,Co source, absorber thickness of about 2,5 mm and
effective counting time of ~ 300 hours, using the
constant velocity drive sys<tem. Comparison of the
two spectra (Figure 22 ) indicates that the inkroduction

60

of zinc in addition to iron in thepolymer perturbs

the system effectively. Since zinc and iron are well
separated and the only link between them is through
the polymer chain, the results indicate presence of

a long range interaction, Thus even the distant groups
exert a strong inductive effect on the electron shells
and the functional group in which iron is located has
a strong inductrometric polarizability.

5.3: Mossbauer study of the gamma-indu ced Polymerisat ion
of Iron-methacrylate and Iron-acrylate

(P.R.Sarma, H.M.Gupta, K.C.Tripathi)

A kossbauer spectroscopic study of the
gamma-induced polymerisation of iron-methacrylate and
iron-acrylate has been conducted, Iron-methacrylate, a
solid monomer in powdered form, was produced by reacting
iron~hydroxide with methacrylic acid and polymerised by
irradiating with a 6OCo gamma=-ray source, while
iron-acrylate was produced by reacting irodhydroxide
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with acrylic acid, followed by gamma-irradiation.

A number of Mossbauer spectra were taken after subjecting
the samples to different cumuletive doses of gamma-
rays. The iron-methacrylate spectra were found to be
asymmetr ic doublets, with the percentage asymmetry,

( 1,/ 1,-1,), a function of the period of irradistion
(Figure 30), The changes in asymmetry have been
correlated with the degree of polymerisation determined
independently by chemical analysis and resistivity
measurements. In ironberylate, the gamma-absorption

is seen to change wi{h the degree of pnlymerisation., The
results indicate the occurrence of c¢ross linking in
ironfacrylste and degradation in iron methacrylste by
irradiation after maximum polymerisation.

5.4: NMossbauer Study of the Copnlymers of iron and
Nickel methacrvlates in methacrylic acid:

(P.R.Sarma, K.C.Tripathi, H.i., Gupta)

The paramagnelic relaxation in the system
poly (iron methacrylate)x (nickel methacrylate)2,5-x
(methacrylic acid) 97.5 for x = 0,2, 1,5, 2,0 and
2.5, has been studied through kossbauer spectroscopy
at room temperature. Iron methacrylate and nickel
methacrylate were produced by treating iron hydroxide.
and nickel hydroxide respectively with methacrylic
acid. The copolymers were made by mixing the monomers
in various proportions and then polymerising the
mixture by </ =irradiation with a 6Oco source, Figure
3%} shows the Mossbauer spectrum for x = 2, For pure
iron methacrylate in the acid, the spectrum is an
asymmetric doublet, In the presence of nickel
methacrylate, relaxation spectra are obtained, As the
concentrat ion of &ron decreases, the intensity of the
line at zepo velocity decreases and hyperfine lines
begin to resolve. With the change in iron concentration,
the spin~lattice relaxation time remains unchanged and
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only the average distance between the ferric ions
changes, so that the observed relaxation effects
can be attributed to a2 spin-spin interaction,

5.%: Optimisation of Absoirber Thickness for High

Sianal-to-noise liosshguer Spectra

(P R,Sarma, V.P.Gupta, K,C,Tripathi)

The optimum thickness of a single
1ine Mossbauer absorber, which will yield in a
given experimental time a Mossbauer spectrum
having the highest value of signal-to-noise ratio,
has been calculated. A simple formula for the
opt imum thickness has been derived for the
particular case where the line widths of the source
and absorber are almost equal and the lines are
Lorentzian in shape, Figure 32 depicts the variation
of optimum thickness T  as a function of the
effective mass absorption coefficient X ( gmcm-Q)
for various valucs of the parameter p(function ot
the line widths of source and absorber),

5,6t Sc er G Mossbauer Effect:

(P.R.Sarma, K.C.Tripathi, M.R.Singh)

An analytic expression for the thickness
dependence of the line width of a scattering Mossbauer
single line spectrum has been derived, Starting from
the line shape calculated by Bara and taking into
account all significant scattering phenomena (Rayleigh
and Compton scattering, resonant and non-resonant
absorption etc.), an expression in the form of a
Taylor series expansion, in terms of the thickness
of the scatterer has been obtained for thin scatterers,
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6. Enerqy Dispersive X-ray Fluorescence System
for Trace Element Analysis

(G.S.Lodha, R.Koul, K,J.5.S5awhney, H.Razdan)

An energy dispersive x~-ray fluorescence
{ELXRF) Spectrometer, consisting of Si(Li) detector
and an ECIL make 4k multichannel analyser, has
been set up at NiL, For a mass storage of data and
on--line computation of stored spectrum, the system,
has been coupled to a Hindustan Cowputers Ltd. micro
2200, having a floppy disk drive altachment. The
block diagram of the system is shown in Figure 33,

The 30 mi°x 3 mm Si(Li)} x-ray detector,

mounted in a cryostat, is cooled to liguid nitrogen
temperature and employs a drain feedback FEl preamplifier,
the first stage of which is also cooled to liquid
nitrogen temperature, Energy resolution of 220 eV

at 5.9 keV is achieved with this system, Low

energy radioisotopes and a low power laboratory

built x-ray tube are being used for the excitation of
characteristic x-rays in thesamples. Another Si(Li)
x-ray detector system, having an energy resolution
of 153 eV at 5.9 keV and employing pulsed optical
feedback preamplifier has also been set up and has
been coupled to CanberfasS;uvgrammable mult ichannel

analyser,

6.1: Study of Geochemical Profiles in Kashmir Loess
Deposits:
(G.S.Lodha, K.J.5,Sawhney, R.Kaul, H.Razdan)
In recent years, interest has been shown
in the trace element analysis of Loess and paleosol
deposits, with a view to understand the gross features
of the climate over the past several million years, The
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climatic record of the Kashmir valley for the past
four million years is preserved in Karewa sediments,
having an estimated thickness of about 100C meters,
which have got exposed due to the uplift of Pirpanjal
mountains by plate tectonics. The x-ray fluorescence
system at NRL has been used to study the trace
element concentration in loess and paleasol deposits
in Kashmir valley and the distribution,migration

and accunmulation of variecus constituent trace
elements, The study is expected to provide an insight
into the geochemical environment of loess accumulation,

Concentration values of K, Ca, Ti, Mn, Cu,
Zn, Rb, 5r, Y, Zr, Nb, Ba, La and Ce have been coriuted
for loess and paleosol samples from Kanchinala section,
Kashmir (Figure 34 )}, The elements related to plant
activity (Mn, Cu, Fe) are found to have generally
higher concentrat ion in paleosols compared to loess
deposits. The distribution of these elements in
paleosols is closely related to soil formation. The
distribution of Rb, Ba and Zr indicatesuniformity
2>f composition of loess columns whereas the higher
values of Mn, Cu, Fe and lower values of Sr in paleosols
provide markers for identification and confirmation
of paleosols, The sediments derived under extremely
gold conditions are known to have higher concentrations
of Sr. Thus the relative fractionation of Sr from
loess to paleesol layer may provice a picture of intense
climatic variaticens.
6.2: Concentration Prcfiles of T a Eleme

Lake Sediments:
(G,S.Lodha, K.,J.S.fawhney, R.Kaul, H.Razdan)

Trace element concentration profiles of

sediments can be a sensitive indicator of the effects

of natural and man-made activities on Dal Lake
ecology. A study of the trace element concentration
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in surface sediments from the Hazratbal basin of
Dal Lake was conducted to study the distribution
prof iles of Ca, Ti, Cr, Fe, Cu, Zn, Pb, As, Rb,

Sr, Zr and Ba by the EDARF system at NiL., The
concentration values of Ca around the banks of
Hazratbal Park were found to vary from 2.4%

to 3.1%, which is almost an order of magnitude
higher than the range of concentration values

(0.1% to 0.3%) found in other parts of the basin
(Figure 35 ). This may probably be due to the high
ratio of run off from the banks,due to the higher
population density. in the area, The concentration
values of Cu near the 'floating’ gardens were found
to be in the range 27-49 ppm, which are lower

than the value of 5l-73 ppm in other parts of the
lake. A similar trend was observed in the case

of Zn and Fe. The lower concentration of Cu, Fe

and Zn around the 'floating’' gardens implies that
the sediment load from these areas is continuously
used for building the 'floating' gardens, where ‘
these elements are being taken up by the plants and
vegetables grown there,

The concentration of Zr was observed to
be in the range 400 ~ 500 ppm near the Telbal and
Shalimar nallahs, which are the main inlets to the
lake. These values are higher than that found in
the other parts of the lake and indicate that the
sediment load from the Telbal and Shalimar nallahs
is slightly richer in Zr,

6.3: Studies an the Wear and Tear of Machines:
(G.S.Lodha, R.Kaul)
A study was undertaken to look into the

possibility of using the EDXRF system as a tool for
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monitoring the wear and tear of machines with
moving parts, Element concentration of the used
cryoaenerator oil of the Philips Liquid Nitrogen
Plant (PLN - 106) was compared with the elemental
concentration of fresh oil, A sample of fresh

oil was observed to have only minute traces of
iron which, however, increases as the machine

is used for longer periods., A fixed rate of
increase in the contamination of the lubricating
oll for dif ferent machines was observed, so that
an increase beyond the permissible level can be
used as a signal indicating the imminent breakdown
of ‘the machinery.

7. Electronics and Technical Physics:

A number of electronic test instruments
and other equipment have been designed and fabricated
for use in the various experimental programs. Some
of the main instruments developed are described
below ¢

T.l¢ High Voltage Regulated Power Supply for X-ray Tubes:
(M.Mm.Bemalkhedkar, C.M.Tripathi, M,N,Kumbare, ‘H.5.Yora)

A solid state power supply unit,
incorporat ing three regulated and adjustable power
supplies required for the operation of the X-ray
tube in the energy dispersive x=-ray fluorescence
system (section 6), has been designed and fabricatad.
The three supplies include a 40 KV/O0.5 mA H.T. supply,
a8 §00 V/imA grid bias supply and a 12V/8A filament
supply (Figure 36 ), All the supplies have excellent
temperature stability from 15°C to 50°C and the
H.T. supply has a very low ripple of £ 0,05%,

Figure 37 illustrates the characteristics of the
H.T.supply. The H,T, and biss supply are basically
dc-dc converters utilizing driven push~pull inverters
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followed by a voltage multiplier, filter and
bleeder configuration, The unit has been
successfully integrated into the ELXRF system
operating in the laboratory.

7.2: Low Voltaoe Reaulsted D,C,Supply with Digital/
Analog Control for Firing SCR's
(M.M,Bemalkhedkar, 3.Koul, C.wm.Tripathi,

}.S.Qureshi, M.,N,Kumbhare)

A low voltage regulated power supply
with new design features has been built, It employs
full wave rectification by silicon controlled
rectifiers (.- t's), with the firing angle controlled
by digital circuits to provide improved output voltage
stabitizat ion, Figure 3% chows the circuit diagram
of the modified power supply and Figure 39 depicts its
performance characteristics, Output voltage
stabilization is achieved by comparing a fraction of
the output voltage with a reference voltage and using
the error signal to vary the frequency of a voltage
controlled oscillator (VCO), which determines the
period or the firing angle of the SCR's, A similar
power supply using an analog feedback circuit has
élso been designed and fabricated,

7.3: Digital Display Photometer for Visible Photon

Flux Measurcments:

(H.S5,Vora, T.MN.las, M.N,Kumbhare)

An .integrated digital display and recording
type photometer has been developed for :vhe continuous
monitoring and recording of the sky light photon
flux. Figure 40 shows the circuit diagram of the
system, Using silicon photo diodes as the photon
sensors, the changes in the frequency of a free-
running multivibrator are monitored for a preset
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time to give the photon flux directly, The duraficon
of each measurement is manually adjustable over
four orders of magnitude in time, The system responds
linearly to incident photon flux variations over =t
least seven orders of magnitude., Absolute calibration
of the system has been done with a thermopile as
well as with a fixed frequency laser. The photometer
is being used in the study of atmospheric photo~
chemical reactions,

T.4: Logic Pulse Generator
(C.L.Bhat, R.C.Yadav)

An inexpensive digital pulse generaton
with pulsewidth, period and delay adjustable from
0.1 ps to 10 s; in steps of O,1 s, has been designed
and fabricated, The system design provides an LED
display of the preset pulse parametérs ., Figure 4!
gives a schematic diagram of the circuit operatien,
Gate 1 always remains open and the high frequency
oscillator continuously feeds the frequency divider
D. At the two tappings on D, two pulse trains
PTl and PT 2 (PT2 slower than PT 1) are generated, PI2
repeatedly opens gate 2 which is subsequently closed
each time by the output of ‘preset counter C, A pulss
is, therefore, generated at the output of gate 2,
with a width equal to the time for which the preset
counter C counts and with a repetition rate equal
to the output pulse train of divider D, If the
output of the preset counter is once more gated through
another gate with PT2 - pulse trains with repetition
frequency of PT2 can be generated, In the manual
mode of operation, gate 1l is opened manually and
closed by C to give one pulse or a pulse train each
time., Flgure 42 gives the actual circuit diagram
of the pulse gener:tor,
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7.5t An Error Monitoring and Correction Circuit for
Clocks:

(C.L.Bhat, H.Razdan, M.L.Sapru, L.K.Kaul}

A logic synchronization circuit has been
developed , which monitors and corrects clock errors
of £ 500 ms in mode A with the help of time-code
signals from ATA, New Delhi and RWM, Moscow.
In mode B, additional logic circuit incorporated in
the system, extends the correction range to + 30s.
A schematic view of the logic operation is shown
in Figure #3. The system essentially consists of two
parts, one responding to a situation where the ciock
is running fast and the other when it is running slow.
Gate 1 opens only in the first situation and passes
the clock and code second's pulses, each with a frequency
of § Hz in mode A and 1/60 Hz in mode B. Gate 2,
which normally feeds the | MHz clock oscillator
pulses to the counter, is closed by the clock pulse
and reopened by the following code pulse till the
two coincide. This effectively stops the oscillator
pulses from flowing into the clock counters during
the time the clock is running fast and thenm restarts
it in step with the code pulse. Simultaneously, gate
3 opens for the di . ‘on of the error and displays

it in a frequency cr . ; microseconds.

In a situation where the clock is slow and
a glven code pulse is ahead of the corresponding
clock pulse, the code and the clock pulses pass through
gate 4 and not through gate l. The leading code pulse
opens gate 5 and allows additional pulses (the delayed
clock oscillator pulses) to flow Into the clock counters
at the same frequency, till the corresponding clock
pulse arives and closes the gate. The additional
pulses, fed In for the duratlon of the
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lag, wipe away the error and simultaneously display
it In a frequency counter through the logic

operation in gate 3.

7.6: Clock Synchronization System Using T.V.
Synchronization Pulses.
(C.L.Bhat, [.K.Kaul, R.C.Yadav, M.L.Sapru)

A passive television synchronization
system, leading to a relative time accuracy of
{ ps between clocks at Srinagar and Gulmarg,
has been developed for the gamma-ray astronomy
program at NRL. It utilizes field markers derived
from the vertical synchronization pulse train
of Srinagar Doordarshan. An absolute time-accuracy
of £ Ilms is simultaneously ensured by the system
by allowing Independent synchronization o{/the
clocks with the stand.rd high frequency time-
code signals from ATA, New Delhi and RWM,Moscow.

A block diagram of the synchronization
system is shown In Figure 44 and the detailed
circult diagram in Figure 45. It essentlally consists
of two input channels, one for absolute time
synchronization with radio pulses and the other
for relative time synchronization with the T.V.
Sync. pulses. The T.V. channel generates 20 ms
field markers from the vertical sync. pulses
from Srinagar T.V. transmission through the
circuit shown ir{Figure 46. A supplementary de-
tector delivers seconds markers from the 10
MHz time-code signzis from ATA, New Delhl
or RWM, Moscow (radio markers). The T.V. markers
are used by a time synchronizer to monitor
and correct the relative time offsets of the
two remote clocks, while the ambiguity relative
to absolute time is evaluated with the help of
radio markers by employing the clock error monitoring
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and correctlon circuit developed for this purpose.

In future, the national T.VY. hook-up will
enable our synchronization system to be used for
achieving an absolute time accuracy of £ 10 s for

very long base-line experiments in gamma-ray astrsnomy.

7.7t Logic System Attached to Low Energy Neutron
Pile to Detect Neutrons from Lightning Discharges

(G.N.Shah, H.Razdan, Q.M.Ail, S.R.Kaul, C.L.Bhat)

The Gulmarg neutron manitor (Figure 47)
has bheen modified to record possible neutron bursts
from lightning discharges, by removing the iead completely
and by incorporating an udditional logic system (Flgure
26). A dipole antenna in the vicinity of the pile detects
the electromagnetic pulse from the lightning discharge,
which’' opens a gate and counts tlme from a | MHz
clock till the arrival of the first neutron in the pile.
The neutron pulse opens four sequential gates, each
of 80 g s width, during which subsequent neutrons
are counted. Any additicnal neutrons, detected during
the four sequential gates of total width 320 p- s, are
consldered to be a neutron signal from the lightning
discharge, as the probability of getting a second cosmic
ray produced neutron -tiring this perlod is negligible.
The time delay between the electromagnetic pulse
and the first detected neutron is then used to calculate
the average distance to the site of neutron generation,
after assuming an appropriate energy of the ieutron.
. This mode of recording the neutrons, after the arrlval
of a precursor electromapg.etic pulse from the lightning
discharge, helps in achieving a high signal to noise
ratio agalnst the cosmic ray background neutrons.
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Associated with this system is a logic
unit, which counts background electromagnetic pulses
produced in the vicini.y of the monitor or from
lirhtning discharges between the initial triggering
of the system and the completion of neutron counting.
This enables us to investigate whether the large
time=-delay neutron events can be explained on the
basis of multi-stroke origin and al:n helps in
.eliminating electromagnetic pick up .as the origin
of lightning generated neutron events, Figure 43
shows the block diagram of the system, which has
been designed to record & maximum of four successive
electromagnrtic pulses and to record their relative
time spacings. The circuit essentially consists of
three sets of gated decade scalers, The first
electrostatic field chauge due to the lightning
discharge triggers the main unit as well
as this additional circuit and sets into operation
the first set of five gated scalers which count
100 KHz clock pulses. The next pulse closes the
first sel of scalers and sets into operation the
next set of four gated decade scalers and so on.

The fourth pulse, or the trailing edge of the last
neutron counting gate, whichever is earlier, stops

the third set of scalers. From a comparison of this
differential time information, with the integral time
obtained from the initlal triggering of the system

and the detection of neutrens, it can be ascertained
whether the integral time information really corresponds
to the time delay in the arrival of neutrons from

the lightning site.

7.83 De ment o e systems:
(K.C.Tripathi, P.R.Sarma, M.M.Bemalkhedkar,
Vv.P.Gupta)

Extensive work on the development of
unconvent ional linear and circular motors and motor=-
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generator .ystems was initiated in the laboratory

in 1974, Initially, a pulsed linear motor with
inherent dynamic switching based on entirely new
concepts was developed, Figure 49 shows a photograph
of the laboratory prototype developed and Figure 5O
shows its control circuit, It essentially consists

of a track on which are spread ferrite magnets at
equal spacing and a carriage which has electromagnets
fixed on its underside at the same spacings as the
ferrite magnets to ensure proper synchronizatlion., A
set of sensor coils are also mounted on the carriage
to sense the relative positions of various
electromagnets and ferrite magnets and to energise
the electromagnets, The electromagnets provide an
impulse to the carriage for a duration which varies
inherently with its speed and cen also be controlled
manually to control the speed, This linear motor
system is brushless, has high efficiency due to
negligible hysterisis loss and pulsed mode of operation
and has excellent speed control.

7.9: Development of Circular Molor Systems:
(K.C.Tripathi, P.R,Sarma, V.P.Cupta, A.Karnal)

The linear motor concept has been used
to develop a circular motor, in which the ferrite magnets
are spread over the periphery of a circular disc,
with the electromagnets placed diametrically opposite,
as shown in Figure 5) |, The torque developed by
this motor is proportional to the number of ferrite
magnets used. An improved model of this motor has
also been developed, in which the ferrite magnets have
been replaced by ordinary iron. This system works
in *he attractional moce, i.e., in each pulse from
the sensor coil, thtelectromagnets attract the iron
pieces to produce acceleration. In this system, the
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mai_netic sensor coils have been replaced by
an optical sensor, which has been found to be
more cxact and efficient. Figure 52 illustrates the

characteristics of this motor system.

7.10: On Line Data Processing System for an Energy

Dispersive  X-ray Fluorescence Spectrometer:

{K.J.S.Sawhney, G.S.Lodha, R.Koul)

An one line data processing system has been
designed for an energy dispersive X-ray {fluorescence
spectrometer using an ECIL make #K multichannel
analyser. The processor analyses the X-ray spectral
data and computes the concentration of various trace
elements present in the sample. For this purpose,
Hindustan Computer Ltd. MICRO 2200 programmahle
calculator is used. MICRO 2200 basic system has
a key board, a display, 18 column printer, 200 data
word memory and a programming facility of 2000
program steps. A micro data interface (MDI) of HCL
has been attached to MICRO 2200 enabling it to communi
cate directly with a maximum of four different digitai
systems and a Floppy diskette of HCL greatly enhance:
the capability of MIC1:O 2200 by not only providing
mass storage facility but acting also as memory back-up
for data and programs. This is possible because the
diskette is totally software controlled unlike that
of the other conventional systems. The 5" diskettz
accominodates up to 3000 data words and 30,000 prograin
steps. An interface has been built to couple the MCA
and MICRO 2200 which allows the transfer of the
four digit address and of the  five digit data from
MCA to MICRO 2200. For the inverse transfer of
data and address from MICRO 2200 to MCA, the
inverse data interface has also been built by us,
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Software has been developed for date
smoothninag, beckground subtraction, peak location,
eneray calibration, spectrum unfolding and
concentrat ion calculations,

7.11: Betricgerable One Shot Protects Three Phage
Motors:
(1.Koul, &.C,Yadav)

A slmple circuit has been developed which
trips a three phase motor in the case of a phase
failure and inkibits its reverse rotation in the
event of a phase squsre reversal., The retriggerable
one shot, ROS, Figure 53 has a time period of
slightly greater than one cycle. The correct phase
ssquence triggers the KOS after zvery cycle. However,
for any change in phase sequence such triggers
sre not available and the ROS output gives low,
thereby deenergising Relay rL. Failure of VB
switches off RL due to interruption in the low
wltage supply. In the event of either or both
of the other phases failing the ROS does not get
triggered resulting in the tripping of the control
relay, The small size of the circuit allows it to
be incorporated in the starter of the motor to be
protected. The phase sequence part of the circuit
can be built into a handy tool for personnel who
install three phase distribution systems.

7.12: Thumbwheel Switches Programme Timex :
(i,Koul and G.S.lLodha)

A simple scheme for implementing a
programmable timer has been developed for use
in an automatic sample changer in the X-ray
fluorescence spectrometer set up at NRL, The
circult uses a set of thumbwheel switches and a
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mult iplexer as its programming elements anc
allows different samples to be exposed for
different preset time intervals, The sample
number and the time of its exposure are displayed,
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7. Chemistry

7.1l: Radiation Chemistry: Wood Plastic Composites
(A.MoHani, H.m,Gupta, K.N.Rao, Ahinsa Kaul)

A 2300 curie cobalt - 60 gamma radiation
source was installed at NAL in 1976, with the
specific purpose of investigating and developing
wood-plastic composites, the efforts being aimed
at developing materials useful for the local
industry. Except for Deodar and walnut, all the
types of wood found in Jammu and Kashmir are shft
and of inferior quality. These woods suffer from
such disadvantages like the dimensional instability,
hygroscopicity and instahility against weather and
bacterial attack etc. A program for the study of
improvements in theproperties of these woods through
the production of radiation induced wood~plastic
composites was, therefore, started in the laboratory,

The first study on impregnated-irradiated.
wood was carried out on Poplar (Populus negra)
and Wilcow (Salix Fragilis). These woods have a
density of 0.35 gm cm™ at a moisture content of
10%, The experiments used methylmethacrylate and
vinyl acid as monomer and the dose required for
highest polymer conversion (95%) was found to
be 3.6 hrads at 10°C (1.6 Mrads at 25°C), Table d
lists the important results of this study, It is
evident that polymer loading greatly improves
the hardness, wear resistance, fire resistance,
rate of moisture uptake as well as the aesthetic
characteristics of the wood-plastic composite.
For example, for 50% polymer loading, hardness
increased by a factor of 2.8 for poplar and 3.4
for willow while compression strength increased
by a factor of ~ 1.% for both. The developed
wood-plastic composites are found to be better
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electric insulators, even at 20% polymer loading.
However, the nailability of VIPC was found to e poor
and samples with £ 30% paélymer loading cracked
when a nail of 0.15 ci: dia we: driven iptc them.

Further studies have be.n conductea mainly
to produce wood-plastic composites for particulsr
applications like flooring, carvine and shingle
roofing etc, .and to improve the nailability of WPC
samples. Samples of wood from fir (Abies pindrow)
willow (Salix fragilis), Kail (Betula alnoids)

Jangul (Fraxinus ) and Deodar and different moncmars
like styrene, acrylonitrile and methylmethacrylate
etc., have been used in these studies, Some of che
main results of these studies are:

i) High radiation dose is required for polymerizstion
of styrene due to low radical yield. Lose requirement
reduces when styrene is used alongwith carbon
tetrachloride or acrylonitrile.

ii) Kail wood requires higher radiation doses compared
to other woods, probably because of its higher lignin
content.

jii) WPC samples of willow and Jangul, containing
50-60% polymer, are suitakle for wood carving as they
have good grain structure and aesthetic appearance,

A comparison of the properties of various WPC sauples
and walnut, the wood traditionally used in Ke-nair
for carving, is shown in Figure 5& . The dottes Jine
represents the properties of walnut vood. It i3

clear that WPC samples containing 50 50% polymsr

have the same characteristics as found for walnut
wood,

iv) Surface coated wood samples, prepared by applying

partially polymerized methylmethacrylate over the wood
surface and then fully polymerizing it by thermal
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curing, are found most suitable for roof ing shingles,
The results shown in Table 3 indicate that between surface
coated and fully inpregnated wood, the former is more
suitable for roofing shingles and also requires less
quantity of monower, thus making it cheaper than fully

impregnated wood.

v) Deodar PiMA composite, with 80% polymer loading
has a high wear index, six times larger than the
untreated Jeodar, and is found suitable for flooring.

vi) The nailability of WPC samples improves considerably
with the addition of 10 ethyvl silicate elongwith

the monoumer. VT samples conteaininag LOY¥6 polymer

(MVA : ES = 20:10), did not crack when o number of

nails of 0,25 cm dia were driven into the samples,

7.2: Panaromic Batch Irradiator Facility
(S.Sabherwal, A.Kaul, A.u.iani)

Adecently, an 80,000 curie cobalt-60 gamma
irradiation facility has been insztalled in the
laboratory for conducting radiation processing
experiments on a pilot-plant scale. On its shuffle-dwell
conveyor system, seven boxes [40x40x40 cm) move
around the source array. The irradiation cell is large
and gives ample room to accommodate large and heavy
objects positioned outside the conveyor system. This
pilot plant is expected to serve as a multipurpose
facility for wood plastic composite studies, for
sterilization of medical products, and for development
work on other applications of Co~60 irradiation,

Extensive dosimetry work has been carried
out during the commissioning of this facility, the
chief objectives being (i) to check that the
irradiator is functioning properly anc source geometry
is correct (ii) to map the pattern of dose distributien
within thq@tandard boxes on the conveyor and (iii) to
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measure the dwell time required for a minimum dose
of 26 k rad (the dose required for sterilization

of medical products). Some gf the results of this
study are shown in Figure Hg. A dwell time of 1150
seconds 1is required to ensure a dose of 2.5 Mrad for
a product density of O.14 grams cm‘a, on the
conveyor, To ensure that the dosimetric calibration
of PANBIT is correct and reliable, interecomparisons
using different dosemeters (perspex NX~300, red
perspex and cerric-cerrous potentiometric dosemeters)
have been carried out. On an experimental basis, the
facility has been used for sterllization of a variety
of medical products(cotton, guaze, dressings etc.,)
supplied by local hospitals.

" The radiation utulization efficiency
of the Panoramic Batch Irradiator is very low
(8% at 0.1 gm/cc product density) due to the simple
conveyor system used., To study the possibility of
increasing the radiation utilization efficiency,
dosemetric measurements have been carried out outside
the conveyor system, It was found that boxes of the
slze of 60x60x60 cm could be placed at specific
locations outside the conveyor for irradiation, The
boxes had to be turned manually on four sides for
uniform dose distribution. The overdose ratio was
found to be 1,2. The results indicate that the radiation
utilization efficlency can be increased to 15% by the
optimum use of space available in the radiation

cell.
7.3t Atmospheric Chemistry:

(S.Sabherwal, T,N.Das)
An stmospheric chemistry program has been
initisted to study the photochemistry of trace species

in the atmosphere by monitoring formaldehyde, ozone
and oxlides of nitrogen. A chemiluminiscent method
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1or the estimation of low concentration of hydrogen
peroxide has been standardised, and Figure 56
shows a schematic view of the system developed for this
purpose., The method is based on the chemiluminiscent
oxidation of luminol in alkaline medium in the
presence of Cu(2) as catalyst. Interference due
to disseolved oiygen is eliminated by purging argon -
through the solution. The lowest detectable concentration
of 2x10“9 mol cm™> was found to be limited by the
background concentration of hydrogen peroxide present
in triple distilled water, used for making the
solutions, Preliminary observations taken at Gulmarg
agree with our earlier conclusion that cloud cover
decreases the formation of formeldehyde and hydrogen
peroxide, while at the same time increasing the life~
time of these species in the atmosphere due to their
slower photodecomposition.
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Table |
Number of neutrons Number of Events
per event MT % LT %
1 8,292 98.84 10,818 96.63
2 97 I.11 250 2,23

4 0.05 40 0.35
>3 0 0.00 84 0.76



TABLE 2

RELATIVE MERITS OF DIFFERENT POLYMERS IN IMPROVING
THE PROPERTIES OF POPLAR AND WILLOW WOOD

S.No. Sample Impregnant % polymer Wear Impachk Hardness % water Compression
loading immprovement strength atsorption strength
f actor J 12 dayss inl0Pa
1. Poplar Nil 0 1 1.87 3 42 220
2. Poplar MMA 100 3.5 1.87 39 22 380
3. Poplar 15% VA + 100 3. 1.97 37 40 379
85% MM
4. Poplar 30% VA + 100 3.2 1.57 35 35 372
70% MM\
5. Poplar VA 100 2.9 1.95 28 45 34y
6. Willow Nit 0 1.0 1.83 8 133 220
7. Willow MMA 920 4.4 1.9Q 43 33 421
8. Willow 15% VA + 90 4,2 1.93 40 39 407
. 25% MM\
% Willow 30% VA + 90 411 1.91 38 47 392

10. Willow - VA 90 3.9 1.90 35 52 365

3




TABLE 3

COMPARISCN OF PROPERTIES OF SURFACE COATED WOOD AND WPC

0¢

Monomer = MMA
Wood = Willow
S.Nc. Wood Sample % volume % water Temperature % change in %weight loss after
swl! len observed in  difference hardness treatment with
in20 days 20 days at2cm (severe climatic 3.6 N 2.5 N
{thermal condition test H SO Na®t
insulation
test)
1. WPC with 3.81 40.0 6.2 4.t 17.8 20.8
100% polymer
2 Surface coated 0.25 £15.2 7.2 0.5 8.8 9.1

wood
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List of Published Papers from NRL (1974-1985)

A. Space Physics

1.

2.

3'

“I

5.

6.

A

%

High Energy Cosmic Ray Intensity Increases of Non-Solar
Origin and the Unusual Forbush Decrease of August 1972,
S.P.Aj.'awal, A.G.Ananth, M.M.Bemalkhedkar, L.V.Kargathra,

U.R.Rao and H.Razdan, Journal of Geophysical Research,

79, 2269, 1974

Low Energy Charged Particle Ring Around Equator in the
Altitude Range 400-1100 Km., R.K.Kaul, H.Razdan and
J.A.Lockwood, Asirophysics and Space Sciences, 46, 215,
1977.

Distribution of Active Regions on the Sun, G.N.Shah,
H.Razdan and C.L.Kaul, India» Journz! of Radio and Space
Physlcs, 6,307, 1977

Recurrent Forbush Decreases and the Relationship Between
Active Regions and M-Regions, G.N.Shah, C.L.Kaul,
H.Razdan & M.M.Bemalkhedkar, Journal of Geophysical
Research, 83,3740,1978.

Cosmic Ray Measurements on a Polar Orbiting Satellite,
R.K.Kaul, Indian Journal of Physics, 52B,344, 1978
Geomagnetic Activity and the Effect of Tau X-! on Lower
lonosphere, R.K.Kaul and H.Razdan, Indian Journal of
Radio and Space Physics, 8,414,1979.

A Nor;;Random Component in Cosmic Rays of Energy
2 10 ey, C.L.Bhat, M.L.Sapru and C.L.Kaul, Nature,
288,146, 1980.

A New Upper Limit on Optical Bursts from Primordial

Black Hole Explosions, C.L.Bhat, H.Razdan and M.L.Sapru,
Astrophysics and Space Sclence, 73,513, 1980

The Type Dependence of SFA at Low Frequéncies, R.K.Kaul,
Indian Journa! of .Radio and Space Physics, 35B,435, 1981
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10. Short-Term Stability of ATA Time-Signhals, C.L.Bhat,
R.C.Yadav, 5.K.Kaul, M.M.Bemalkhedkar and R.K.Kaul,
Journal of the Institution of Electronics and Telecommunication

Engineers, 27, 553, 1981.

11. Solar Proton Events and Terrestrial Weather, G.N.Shah,Journal

of Atmospheric and Terrestrial Physics, 43, 147, 1981,

12, Cosmic Gamma-rays - Present Status and Future Prospects,
H.Razdan, Proc. Indian National Science Academy, #47A,
99, 1981 .

13. Cosmic Ray Diurnal Anisotropy During Feb.- March, 1977
R.K.Kaul,Indian Journal of Radio and Space Physics,]1,88,

1982,
14. Solstitial and Hemispherical Asymmetry in the Response
of Geomagnetic Field, G.N.Shah,, R.K.Kaul, H.Razdan,C.L-Ka“L’
W.M.Wilcox, W.J.Merryfield, Journal of Geophysical Research,
89,295, 1984
15. A Very Long Base-Line Search for Correlated Air Showers
From Relativistic Dust Grains, C.lL.Bhat, H.S.Rawat,
H.Razdan, M.L.Sapru and S.C.Tonwar, Journal of Physics
G:Nucl. Phys., 10, 1771, 1984.

16. Neutron Generation in Lightning Bolts, G.N.Shah, H.Razdan,
C.L.Bhat and Q.M.Ali, Nature, 313,773, 1985.

17. Evidence for a MNon-Magnetospheric Origin of Fast Atmos-
pheric Pulsations (FAP), C.L.Bhat, M.L.Sapru and R.K.Kaul,
To appear in Jovrnal of Geophysical Research, 1985.

18. Response of Atmospheric Lightnings to Systematic Changes
in the Global Electric Field, C.L.Bhat, M.L.Sapru, R.K.Kaul,
and H.Razdan, Communicated to Journal of Geophysical
Research, 1985.

19, Pulsed Flux of > 1('J4eV Gamma-Rays from Cygnus X-3,C.L.Bhat
M.L.Sapru and H.Razdan, Communicated to Astrophysical
Journal, 1985.
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Nuclear and Solid State Physics

Mossbauer Studies on Polymetallomethacrylates, K.C.Tripathi,
P.R.Sarma and H.M.Gupta, Journal of Polym. Scl.,Polym.Lett.
Ed., 16, 629, 1978.

A Constant Velocity Mossbauer Spectrometer Free of Long-
Termfinstrumental and Radioactive Decay Drifts, P.R.Sarma,
A.K.Sharma and K.C.Tripathi, Nuclear Instruments and
Methods, 164, 591, 1979.

Mossbauer Study of the Gamma-Induced Polymerization
of Iron Methacrylate, P.R.Sarma, K.C.Tripathi and H.M.Gupta,
Journal of Polymer Sciences, Polymer Chemistry Ed.,18,
2609, 1980.

Optimization of Absorber Thickness for Improving the
Qualit)/of a Mossbaver Spectrum, P.R.Sarma, Ved Prakash
and K.C.Tripathi, Nuclear Instruments and Methods, 178,
167, 1980.

Modification of the Parameters of a Mossbauer Source
due to Self Absorptlon Effects, P.R.Sarma and K.C.Tripathi,
Nuclear Instruments and Methods, 226, 463, 1984,
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C. Electronics and Technical Physics

An error monitoring and correction circuit for clocks,
C.L.Bhat, H.Razdan, M.L.Sapru and [K.Kaul, Journal
Inst. of Electronics and Telecom. Engs., 24, 9, 1978.

A clock synchronization circuit using transmitted time-

codes, C.L.Bhat and H.Razdan, Decfence Science Journal,

28,
3,

4,

5.

6.

7.

8.

9.

10.

ll.

153, 1978.
A battery run pulsed linear motor and its electronic

control system, K.C.Tripathi, P.Lal, M.M.Bemalkhedkar,
P.R.Sarma and N.Tyle, IEEE Trans. on IECl, 25, 293, 1978
A digital electronic timer, C.L.Bhat and R.Koul, Journal
Inst. of Engs., 39, 37, 1979,

Wide range pulse generator displays timing parameters,
C.L.Bhat and R.C.Yadav, Electronics, 52, 128, 1979.
An error - monitoring and correction circuit ( a mo-
dification), C.L.Bhat, [K.Kaul and M.L.Sapru, Journal
Inst. of Electronics and Telecom. Engs., 25, 167, 1979.
Novel motor systems with inherent dynamic switch
control for transport and other purposes, K.C.Tripathi,
V.P.Gupta, P.R.Sarma and A.K.Sharma, BARC Tech.
Rept, No.1027, 1979

An inexpensive digital pulse generator, C.L.Bhat and
R.C.Yadav, Journal Inst. of Engrs., 60, 93, 1980

A battery run pulsed motor with inherent dynamic
electronic switch control, K.C.Tripathi, P.Lal, P.R.Sarma,
A.K.Sharma and V.P.Gupta, IEEE Trans. on IECI, 27,
29, 1980.

Time synchronization system in a two-station search
for primordial black holes, C.L.Bhat, LK.Kaul and
R.C.Yadav, Journal Inst. of Flectronics and Telecom.
Engs., 27, 1981, 556

Thumbwheel switches programme timer, R.Koul and
G.S.Lodha, Journal Inst. of Elect onics and Telecom.

Engs., 27, 1981.
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Regulated DC power supply employs digital control
for firing Its SCR's, M.M.Bemalkhedkar, R.Koul,
C.M.Tripathi and M.5.Qureshi, Journal Inst. of Electro-
nics and Telecom. Engs. 27, 220, 1981.

Circuit identifies radio-time minute to correct clock
time offset, C,L.Bhat énd R.C.Yadav, Journal Inst.
of Engrs. 62,61, 1982,

An integrated, stabllized power supply for x-ray tubes,
M.M.Bemalkhedkar, C.M.Tripathi, M.N.Kumbhare and
H.S.Vora, Journal Inst. of Electronics and Telecom.
Engs., Tech Rev., 1, 133, 1984,

Photo on/off with SCR as GTO, H.S.Vora, M.N.Kumbhare
and M.M.Bemalkhedkar, To appear in Electronic En-
gineering.

SCR-regulated, variable DC power supply with fixed
sampling ratio, M.M.Bemalkhedkar, C.M.Tripathi and
M.N.Kumbhare, To appear in EDN.
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List of Papers Prcsented at Conferences, Symposio ,

Workshops ctc.

A. Space Physics

1. Preliminary Results from the Atmospheric Fluorescence
Detector at Gulmarg , C.L.Bhat, R.K.Kaul and H.Razdan,
National Symp. on High Energy Physics, Calcutta, 1974,

2. On Detection of Cosmic Gamma-Ray Bursts through
Atmospheric Fluorescence, C.L.Bhat, M.L.5apru and H.Razdan,

Bulletin Astronomical Society of India. 4,87, 1976,

3. On the Locatir of M-regicns on the Sun, G.N.Shah, C.L.Kaul,
M.M.Bemalkhedkar and H.Razdan, Proc. Solar Planetary
Physics Symp., Ahmedabad, 2, 27, 1976.

4. Charged Particle Ring Around Equator in the Altltude
Range 400-1100 Km., R.K.Kaul, H.Razdan, J.A.Lockwocd,
Solar snd Planetary Physics Symposium Ahmedabad, 2Z ,
{87 ,1976.

5. Cosmic Ray Diurnal Vector During the 197¢ Solar Activity
Minimum, R.K.Kaul, H.Razdan, M.M.Bemalkhedkar and C.L.Bhat,

15th Int. Cosmic Ray Conf., Sofia,4 ,23, 1977.

6. Evidence for Steepening of Primary Cosmic Ray Energy
Spectrum Near 10'5 eV from a Cerenkov Detection System

at Gulmarg,, C.L.Bhat, H.Razdan, P.R.Sarma and M.L.Sapru,
I5th Int. Cosmic Ray Conf., 5ofia, 8,508, 1977.

7. Possible Gamma-Burst Events with an Assoclated High
Energy Component, C.L.Bhat, H.Razdan, M.L.Sapru and
Ved Prakash, Bull. Astronomical Society of India, 6, 47,
1978.

8. Origin of Millisecond Atmospheric Fluorescence Events

Recorded at Gulmarg, C.L.Bhat, H.Razdan and M.L.Sapru,
Bull, Astronical Society of India, 6, 48, 1978.
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9. Pulsed Emission from Atmospheric Nitrogen at Low
Latitudes, C.L.Bhat, H.Razdan and M.L.Sapru, Radio and
Space Sciences Symp., New Delhi, ,1979.

10. Forbush Decreases and Interplanetary Magnetic Blobs,
G.N.Shah, C.L.Kaul and H.Razdan, Radio and Space Sclences
Symp., New Delhi, 1979.

11, Forbush Decreases, Coronal Holes and Solar Wind Streams,
G.N.Shah, C.L.Kaul and H.Razdan, Radio and Space Sciences
Symp.,New Delhi, 1979.

12. Geomagnetic Actlvity and the Effect of Tau X-1 on the
D-Region, R.K.Kaul and H.Razdan, Radio and Space Sciences
Symp.,New Deihl, 1979,

13, Forbush Decreases, Flares and Recurrent Streams, G.N.Shah,
C.L.Kaul and H.Razdan, 16th Int. Cosmic Ray Conf., Kyoto,
3,423, 1979.

14, Possible Origin of Cosmic Gamma-ray Bursts in Globular
Clusters, H.Razdan anc C.L.Bhat, 16th Int. Cosmic Ray
Conf., Kyoto, ,1, 236,, 1979.

15. A Non-Random Contribution to > 10‘4 eV Energy Cosmic
Rays on the Time Scale of a fraction of a Minute. C.L.Bhat,
P.R.Sarma, M.L.Sapru and C.L.Kaul,, 16th Int. Cosmic

Ray Conf., 857, 1979.

16. Cosmic Optical Bursts and a New Upper Limit for Primor-
dial Black Hole Explosions, C.L.Bhat, H.Razdan and M.L.Sapru
l6th Int. Cosmic Ray Conf., Kyoto,2, 17, 1979.

17 A Search for Cosmic Optical Bursts of Nanosecond Duration,
C.L.Bhat, H.Razdan and M.L.Sapru, National Space Sci.,
Symp., Varanasi, 1980,

14

18. A Search for Time Correlated Ultra High Energy ( 310
eV)Gamma-Rays, C.L.Bhat, M.M.Bemalkhedkar, H.Razdan
and M.L.Sapru, National Space Sci. Symp., Varanast, 1980,
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19. A Proposed Ballocon Search for Cosmic Optical Pulses of
Nanosecond Time Scale, C.L.Bhat, M.M.Bemalkhedkar,
C.L.Kaul and H.Razdan, Workshop on Opportunities for
High Altitude Ballocn Experiments in India,,Hyderabad,
1980.

20. On Cosmic Origin of Atmospheric Fluorescence Pulses
Recorded at Guimarg, C.L.Bhat, H.Razdan and M.L.Sapru,
17th Int. Cosmic Ray Conf., Paris, 1, 73, 1981.

21, Atmospheric Fluorescence Pulse Profiles for Impulsive
X-and Gamma-ray Bursts, C.L.Bhat, S.K.Kaul, C.L.Kaul
and M.L.Sapru, ,17th Int. Cosmic Ray Conf., Paris, 1,73,
1981.

22, Microsecond Time Scale Optical Pulses Detected at Gulmarg
and Srinagar, C.L.Bhat, M.L.5apru, H.Razdan and C.L.Kaul,
17th Int. Cosmic Ray Conf., Paris, i, 77, 1981.

23. Causes of Forbush Decreases, G.N.Shah, C.L.Kaul, H.Razdan
and S.R.Kaul, 17th Int. Cosmic Ray Conf., Paris, 7, 2I,
19°1.

23, Asymmetry in Geomagnctic Field Response to Solar
Disturbances, G.N,.Shah, C.L.Kaul and H.Razdan, Proc.
Symp. on Interdisciplinary Approaches to Geomagnetism,

Bombay, 1,259, 1981.

25. Evidence of Thermonuclear Neutrons in the Atmospheric
Lightning, G.N.,Shah, H.Razdan, C.L.Bhat,, Q.M.Ali and
S.R.Kaul, Proc. National Space Sciences Symp., Bangalore,
3, 414, ,1982.

26. Optical Lightnings as a Background in Searches for Cosmic
X-and Gamma-ray Bursts through Atmospheric Fluorescence,
C.L.Bhat, R.K.Kaul and M.L.Sapru, 18th Int. Cosmic Ray
Conf., Bangalore, 8 ,32, 1983,

27. Lead-Free Neutron Monitor Detects Neutrons from Light-
ning Bolts, G.N.Shah, H.Razdan, C.L.Bhat, Q.M.Ali and
S.R.Kaul, Proc. 18th ICRC, Bangalore, 3,555,1983.

28. Fluorescent Light from Cosmic Air Showers, C.L.Bhat,

V.K.Sanecha, A.K.Mitra, M.L.Sapru and 'H.Razdan, Proc.
18th ICRC, Bangalore,!! 46,1583,
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Nuclear and Solid State Physics

Mossbauer Study of Copolymers of Iron and Nickel Metha-
crylates in Methacrylic Acid, P.R.Sarma, K.C.Tripathi
and H.M.Gupta, Proc. Nucl. Phys. and Solid State Phys.
Symposium, India, 22C,600,1979.

Electrical Conductlon in the Copolymers of Iron and Nickel
Methacrylates in Methacrylic Acid, P.R.Sarma, K.C.Tripathi,
H.M.Gupta, Ved Prakash and A.K.Sharma, Proc. Nuzl
Phys. and Solid State Phys. Symposium, India, 22c, 256,
1979.

Mossbauer Study of TRaudiation Initiated Polymerization
of Iron Acrylate, P.R.Sarma. H.M.Gupta, and K.C.Tripathi,
Proc. Int. Conf. on Applications of Mossbauer Effect,

Jaipur, India, 1981.

Thickness Dependence of the Line Width of a Scattering
Mossbauer  Spectrurm, P.K.Sarma and M.R.Singh, Proc.
Nucl. Phys. and Solid State Phys. Symp. India, 25C,248,
1982.

A, Semi-Automatic Energy Dispersive X-ray Fluorescence
Spectrometery It's Development and Applications to
Elemental Analysis in Various Fields, G.S.Lodha and R.Koul,
Int. Symp. on Trace Analysis and Technological Development,
India, 1981,

Trace Elements In the Kanchinala (Kashmir) Loess Deposits,
G/S.Lodha, K.J.S.5awhney, H.Razdan and M.Lal, in "Climate
and Ecology of Kashmir: Last 4 Mlllion Years", Ed. by
D.P.Agrawal, Today and Tomorrow’s Printers and Publishers,
1983.

Concentration Profile of Elements in Dal Lake Sediments,
G.S.Lodha, K.J.S.Sawhney, H.Razdan, National Workshop
on Conservation of Dal lLake, Srinagar, 1983.

On-Line Data Processing System for an Energy Dispersive
X-ray Fluorescence Spectromcter, K.J.S.Sawhney, G.S.Lorha,
and R.Koul, National Sym. on Instrumentation, Srinagar,
1984.
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9. Energy Dispersive X-ray Fluorcscence and its Applicatlon
in Geosciences, G.5>.Lodha, Workshop on Activation Analysis,
Calcutta, 1984,

10. Paleoclimatic  Studies on Kashmir Loess, D.P.Agrawal,

N.Juyal, Sheela Kusumgar, G.S.Lodha and H.Razdan, Int.
Conf. on Paleoclimatic Studies , Poland, 1985.
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C. Electronics and Technical Physics

Some ungonventional linear and rotary motor systems
with electronic control for transport purposes, K.C.
Tripathl and V.P.Gupta, Symp. on Optimum/alternate
utilization " of energy in automobiles, Ahmednagar, 198l.
Inherent dynamicaily switched pulsed dc motors and
possible simultaneous motor-generator systems, K. C.
Tripathl and V.P.Gupta, Seminar on proof and evaluation
of vehicles and subsystems, Ahmednagar, 1984.

Development of a digital photometer system for ambient
visible photon {flux measurernents, H.S.Vora, T.N.Das
and M.N,Kumbhare,,National Symp. on Instrumentation,

1984,



