CHAPTER 1

INTRODUCTION AND H STORI CAL REVIEW

1.1 INTRODUCTION

In late 1967, the first detection of tue clocklike radio
pul ses emtted by objects that bave come to be called as
pul sars, opened up one of the nost interestiny areas in
astronomical research. Considerable progress has been nade
since then towards understandi.g this ratural phenomenon. The
present understanding of the pulsar radiation is based nainly
on the extensive pul sar observations at hi gh radio-frequencies
O 100 HHz) . In the first part of this chapter, a very brief
account of the generally accepted scenario for the emission
from these peculiar scurces is given. This wll be followed
by a discussion on the observational properties of pulsars.
W also present a brief reviewof the techniques enpl oyed for
the rel ated observations. In the |ast part of the chapter, we
discuss the significance of pulsar observations at |ow

radi o-frequencies. A varicty of difficulties associated wth
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| ow frequency observations are also described. In the end, we
reviewthe previous work on pulsars at |ow radio-frequencies

and underline the scope of further work.

1.2 RADI O EM SSI ON FROM PULSARS

Jocelyn Bell and Antony Hewish [11 di scovered pul sars at
Canbri dge Uni versity whi | e observing interplanetary
scintillations of conpact radio  sources at 81L.5 Mt.
Initially, they had great difficulty convincing thenselves
that the strange periodic signals they were observing, had
been emtted by naturally occurring astronom cal objects.
However, the other possibilities were soon systematically
el i m nat ed. By the mddle of 1968, a dozen pulsars were
detected, with broadly simlar characteristics wth periods
ranging fromO0.25 to 1.96 sec. Since the pul se w dths were of
the order of 20 mlliseconds, it was concluded on the basis of
light-travel -time argunent that the source could not be |arger
than the size of the Earth. It was clear from the early
work C13 that the basic periodicities were stable to a
preci sion better than one part in 163 over intervals of a few
months. This indicated that objects with great inertia nust
be involved in the tine-keepi ng process. The short periods
inplied that these objects nust be very conpact conpared to
normal stellar objects. The obvious candidates £11 for these

objects were white dwarf stars and the theoretically predicted



neutron stars.

Several types of mechani sns were suggested for produci ng
the periodic signals, e.g. radial pulsation, orbital notion
of a satellite or a planet and rotation (spin). Various
physi cal considerations ruled out all the above possibilities
(e.g.L2,31) except the rapid rotation of neutron stars. The
di scovery of two pulsars near the centres of supernova
remmants £4,51 gave added strength to the argument, that the

pul ses were comng from spinning neutron stars.

Before the discovery of pulsars, Pacini (1967) (63 had
suggested that there mght be a very strong magnetic field in
neutron stars and that they mght be rotating so rapidly that
the Lorentz force of this field would be of great inportance.
Gol d (1968) C33 was the first to argue that due to the strong
magnetic fields and high rotation speeds of neutron stars,
relativistic velocities wll be set upinany plasma in the
surroundi ng nmagnet osphere, leading to radiation in the pattern
of a rotating beacon. He also suggested that the em ssion
derives its energy fromthe rotational energy of the star and
predicted "a slight but steady, slow ng down of the observed
repetition frequency". Soon after such slowing down was
I ndeed found in the cases of the Gab pulsar €71, the Vela
pul sar 8] and al so other pul sars £9,103. The nagnetic field
strengths at the surface of the star are estimated using the

sl owi ng-down rates al ong with reasonabl e val ues of the nonents



of inertia for the stars and assuming energy | 0SS nmechanismto
be the magnetic dipole radiation 111, The field strengths

were found to be of the order of 10Il Gauss.

The ra' : of rotational kinetic energy |oss, derived from
the observed sl ow ng-down rate of pulsars, is enornously more
than that required to account for the observed radio pulses.
But, as yet, no mnmechanism for converting a part of this
rotational energy into pulses we observe is universally
accept ed. Here we wll briefly present a usually accepted

theory for the em ssion mechanism.

The observed radio flux densities, together with
reasonable estimates of distances and upper limits to the
sizes of emtting regions, correspond to apparent brightness
temperatures (greater than 1dm Kin sone cases [£121. |If any
I ncoherent em ssion nmechanismis to produce such tenperatures,
then the required particle energies turn out to be nany orders
of magnitude | arger than that can be produced by any known
pr ocess. This alnost certainly suggests that the observed
intensities are the result of a highly coherent emssion

mechani sm (i.e. nmany particles radiating in phase).

The narrow pul se wi dt hs observed for nost pulsars inply
that the emssion originates from a confined zone on the
rotating neutron star. Cbservations of the Vela pulsar by

Radhakri shnan et al. (1969) (831 showed that the position



angle of the linearly polarized emission changes by nore than
50° across the pul se profile. The continuous sweep of |inear
pol ari zati on was suggested C£131 to be related to the dipole
structure of the nagnetic £field in the near magnet ospere.
This inplied that the emssion region nay be in the vicinity
of a magnetic pole. Further support for this conclusion cane
from Gol drei ch and Julian (1969) C£L141 who showed that charged
particles would be accelerated along the so called "open”
field-lines emanating fromthe pol ar regions. As originally
proposed by Radhakrishnan £151 ,these particles wth
relativistic speeds would emt radi o-frequency radiation due
to their notion along the curved field-lines (i.e. curvature
radiation)C161. The high intensities would be produced by
coherence from particle bunches. This radiation would be
confined to a conical beam,,directed radially outward fromthe
star and centered on the wmagnetic axis. The angul ar size of
the cone is determned by the angle subtended by the open

field lines in the region of emissiun.

Ruderman and Sutherland (1975) C173 have proposed a
fairly conplete nodel for the pul se em ssion process based on
their theory of magnetospheric gaps, This em ssion nechanism
does not require much surface emssion of particles. They
suggested that a |arge part of the induced electric potential
Iin the nmagnetosphere is developed across a vacuum gap,

possi bl y about 100 mthick, imediately above the star surface



and in the open field line region. If a single chargeis
placed in this gap, it is immediately accelerated to a very
hi gh energy, and in the presence of the intense nmagnetic field
It emits high energy gamma-rays, The gamwa-vay photons have
sufficient energy to produce electron-position pairs, which
are thensel ves accelerated along the field 1lines, formng a
cascade of particles and gamma-rays. The upper surface of the
vacuumgap then becones the effective emitting surface. The
em ssion may be concentrated at one or nore points on the
surface |li ke spark discharges, and these points may nove
about . These accelerated seecondary particles noving al ong
the magnetic field lines give out the "curvature radiation" in
the direction of their notion. Wen the star rotates, the
torch of emssion is swept acrozs the line-of-sight to give
one radiation pulse in each rotation period. If the
particles, which are accelerated at the polar gap, are
available in form of bunches wth dinensions |ess than a
wavel ength, their radiationfields (rather than intensities)
add to produce coherent radiation. In this nodel, the |ower
frequency radiation is produced in regions farther away from
the star. This nodel provides plausible explanations for

several observed characheteristics of pulsar radiation
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The outstanding result fromextended timng neaurenents
£18,19,200 is that the arrival tinmes of pulses are
astonishingly regular. On a short tinme scale, 1i.e. over a
span of a fewdays, the arrival tinme shows only a small jitter
frompul se to pul se, which averages out over a few hundred
pul ses. Such averaged pulse arrival tines, when | ooked at
over nonths or years, usually showonly the geonetric effect
of the barycentric correction (see Appendix | ) and the
regul ar spin-down represented by the first derivative (P) of
the period. Wth the recent discovery of the first
"mllisecond pul sar" [213, the periods of the over 400 known

pul sars range fromabout 1.5 mlliseconds to 4.3 seconds.

The first derivative of the period has been nmeasured for
nost of the pul sars £18,19,20,221 and is positivein sign. 1In
most of the cases the P values are of the order of 1615
sec/sec. The second derivative (P) of the period has been
measured for the Grab pulsar £233, and is negative in sign.
Some  discontinuvous changes in the periods, known as
"ditches", were observed in a few cases ([24,25,263. The
observed ditches correspond to sudden decrenents in the
period, and are believed to result frominternal readjustnents

wthin the Neutron star.



1.3.2 Pulse Profile

The average properties of the pulse profiles are obtained
by studying the integrated profiles. These integrated
profiles are obtained by suding together sonme hundreds of
pul ses. Thei r shapes tae known in detail at high
radi o-frequencies for many pulsars (e.g.(27,28,293). The
wdth of the integrated pulse profile, if expressed as a
fraction of the period, does not depend on the period and for
most pulsars it is typically in the range 0.02 to 0.05 tines
the period C3013, The pulse profiles in sone cases are found
to consist of several components or subpul ses. |n such cases,
an Increase in the component separation has been observed

towards | ower radio-frequencies £2917,

The pulsars are classified into two broad groups,
depending on whether their pulse profile has single or
mul ti pl e conponents. They are called Type 3 (Sinple) and Type
C (Complex) respectively (Taylor and Huguenin, 1971) [£271.
This division is based on the profile shapes, observed nostly
around 400 HMHz, and has goad correlation w th other pulsar
properties £313. The Type C pulsars tend to have I|ong
periods, in nost cases greater than one second. They al so
have a hi gher magnetic field strength. The type S, on the
other hand, have short periods and | ow val ues of magnetic
field strength. The nagnetic field strengths are estinated

from the val ues of the product PP r113.



An interesting feature, known as 'drifting subpul ses' has
been observed in many pul sars, where subpul ses in successive
pul ses drift systenatically across the profile [32,33,34,35].
This drifting in the case of sonme pulsars is found to have
hi ghly organi sed patterns, leading to strong features in their
fluctuation spectra (36,373, Mbst of the pul sed energy is
confined to a small fraction of the period, i1i.e. the main
pul se w ndow. However, in sone cases an additional pulse
conponent, situated approxi mately hal f-way between the main
pul ses, is observed C£38,39,40,411. This conponent, known as
the "interpulse', is believed to be due to the radiation from
the other polar region of the generally accepted dipolar

magnetic field of the pul sar.

Two ot her interesting phenonena, nanely 'node changing
£42,431 and 'Nulling" [C44,45,463, have been observed. Mde
changing is seen for the pulsars w th conpl ex pulse profiles,
where the intensities of the subpulses in a normal node
abruptly vary to produce a newnode. The pulsar remains in
the new node typically for a fewtens or hundreds of periods
before abruptly reverting to its normal nmode. 'Nulling is a
sudden drop in the intensity of the pul se during the nulling
interval. The average frequency and the interval of nulling
are seen to vary over a wde range. For sone pulsars, a
significant variation in the pulse intensities on tine scales

of the order of a few hundred m croseconds has been noti ced
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C47,481. Such variations are called mcropul ses. |n addition
toall this, the integrated profiles for many pul sars are seen
to have quite significant pol ari zation characteristics
C£28,491. These polarization characteristics change wth
frequency. Some of the profiles have linear polarization as

hi gh as 70 to 95 percent.

133 Pulse Energy

(bserved pulse energies vary on many different tinme
scal es. These variations can be either intrinsic to the
pul sar radiation or due to the propagation effects in the
intervening nedium Such variations can be studied to obtain
val uabl e informati on about the intervening nedium and the
intrinsic radiation from pulsars. However, the task of
measuring the average pul se energy and its spectrum becones

difficult in the presence of such variations.

For nost of the known pul sars, spectra have been neasured
at high radio-frequencies [50,513. These spectra indicate
that the pul se energy decreases wth increasing frequency.
The spectral indices (see Appendix III) for different pul sars
usually lie in the range -1 to -3 at the high frequencies
£501. The limted neasurenents at | ow frequenci es show, that
t he average energy starts reducing instead of increasing wth
the decreasing frequency bel ow a turn-over frequency £52,537,

The reasons for such turn-overs are iittle understood, except
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in the cases of sonme short period and di stant pul sars, where
the turnovers are observed to be the result of interstellar

scattering (e.g.C541).

A recent search for unpul sed radi o emssion from pul sars
has shown the presence of significant unpul sed flux in four

cases, apart fromthe pul sed flux 553,

1.4 PULSAR SI GNAL PROCESSI NG TECHNIQUES

The basi c observabl e quantity in radi o studi es of pul sars
Is the varying voltage induced in a certain antenna-receiver
conbi nati on. The center frequency t, and bandwi dth B of the
receiver, together wth the polarization response of the
antenna, determne the instrunental par anet er s. These
paraneters along with the pulsar paraneters determne the
instrunmental effects. It is ideal torecord the outputs of
two simlar ant enna-recei ver conbinations with nutually
ort hogonal polarizations. However, here we will confine the
di scussion to the detection and recording of pulses froma

si ngl e ant enna-recei ver conbi nati on.

Let us denote the varying voltage due to a pul sar signal
by X(t), which in a narrow band approximation, can be

expressed as (561 ;
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X(t) = Re[V(t)exp(1i2Tf, t)] eeeel(l.1)
wher e V(t) = the a?sociated conpl ex envel ope
as a function of time t.
and RelLyl = Real part of y
In conventional observations, the voltage X(t) s

anplified, detected and snoot hed using a postdetection filter,

to obtain
2
X(t) = 1/21V(t)|4r(t) eeeaa(1.2)
wher e r(t) = the inpul se response of the
postdetection filter
ly] = magnitude of y

and '~ means a convol ution.

The filter renoves the conponents of X(t) at #2f, The

bandwi dth of the postdetection filter determ nes the minimum
rate for sanpling and al so the upper limt to the attainable
time-resol ution. However, in reality the effects due to the
propagation (see Appcndix II ) of pulsar signals through the
interstellar nedium need to be taken into account. |In the

presence of the propagation effects, the output intensity I(t)

I's given by
2
I(t) = 1/2|V(t)| As(t)*d(t)*#r(t) eeree(1.3)
wher e s(t) = the inpul se response due to
Interstellar scattering.
and d(t) = the receiver bandpass converted into a
|

t
tine function by the dispersion | aw
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In this case, the tinme-resolution i s predomnantly
determned by the longest of the three contributing responses.
In the presence of noise, the best signal-to-noise ratio is
obt ai ned by adjusting the postdetection tine-constant to natch
the width of d(t). Wde RF bandwidths are desirable in most
radi o astronom cal observations to obtain inprovenents in
signal -to-noi se ratios. However, in pulsar observations, if
di spersion effects are not renoved, w der bandw dths result in

poorer timne-resol ution.

Therefore, an ideal pulsar receiver always includes a
di spersion renoval system wherein w der bandw dths can be
used effectively for achieving better signal-to-noise ratios
wi t hout | osi ng much in terns of time-resol ution.
Post det ecti on di spersion renoval can be performed by dividing
the receiver band into many narrow channel s and then addi ng
the detected outputs after appropriate delays. Thus the
time-resolution of a single narrowchannel can be retained
with the signal-to-noiseratio equivalent to that attainable
for the total observing bandwidth. This technique is also
known as 'signal enhancenent' techni que. Ohce the output
sanples of different narrow channels are available, this
process can easily be inplenmented in software. However, in
such a case, the effective rate of data recording is increased
proportional to the nunber of narrow channels. This probl em

can be avoided by using a suitable processor to performthe
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operations in real tine (e.g.L57]).

For studying the finer details in pulse structure, the
tinme-resolution can be inproved considerably by renoving the
di spersion distortion before detection. In principle, the
signal emtted by a pulsar can be recovered over alimted
frequency and tinme interval by passing the received signal
t hrough an inverse filter, whose transfer function is equal to
the conpl ex conjugate of the transfer function representing
t he di spersion In the interstellar medi um The
time-resolutionis then limted to the inverse of the system
bandwi dt h. The practical resolution |limt is set by the
w dest bandwi dth that can be sanpled fast enough to avoid
al i asi ng. Predetection dispersion renoval can be achieved
either by using a hardware dispersive filter ©[581 or by

sinulating the filter by computer software C433],

A swept -frequency dedispersion procedure has also been
used for pul sar observations [591. In this schene a
mul tichannel filter receiver Is enployed. The | ocal
oscillator frequency of the receiver is carefully controlled
to sweep in synchronismw th the di spersed pul se. The sweep
IS synchronized in tinme so that the pul se windowis centered
inthe mddle of the multichannel filter bank. The detected
outputs of the adjecent frequency channels then correspond to
t he pul se anplitude at adjecent |ongitudes (see Appendix IILI

for definition) wwthin the pul se window The time-re¢solution
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islimted by the dispersion snearing within a spectral
channel . The signal-to-noise ratio attainable on any pul se
depends on the square of the ratio of the pulse tracking tine

tothe time-resolution L6071,

The signal -to-noise ratio for average pulse profiles of
pul sars is inproved by' observing a | arge number of pul ses and
conbi ning the data of individual pulses together in phase by

maki ng use of the known periodicities.

15 PULSAR OBSERVATIONS Al DECAMETRIC WAVELENGTHS

Experi nental data on the basic quantities of pulsars are
required to establish general laws describing the radio
em ssion of pulsars and to identify the distinctive features
of that radiation reflecting various paraneters of the
pul sars. The nean pul se profile and the radiant flux density
of a pul sar depend on frequency unlike such quantitites as the
period, its derivative and the di spersion neasure. Therefore
these quantities have to be investigated over as wde a
frequency range as possible. Mst of the available data on
pul sars, nunbering now over 400, are fromthe observations at
hi gh radi o-frequenci es. There is a considerable lack of
observations towards |ower radio-frequencies. This fact is,
clearly brought out in Fig. 1.1 ,where We indicate the nunber
of pulsars observed at different frequencies. There is a

striking deficiency in the nunber of pulsars observed below
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50 M. This is mainly due to wvarious difficulties in

observing pul sars at decanetri c wavel engt hs.

The difficulties arise mainly due to the effects of the
propagati on of pul sar signals through the interstellar nmedi um
The di spersion of the propagating signals due to the plasma in
the interstellar nedium causes differential delays of the
signal s received at different frequencies. This results in
snearing of the pulse at the receiver output. The anount of
smearing is given by the difference in the pul se arrival tinmes
at the edge frequencies in the observing band. This snearing
Is proportional to the third power of the wavelength (see
eq. II.5), consequently, observations of highly dispersed
pul sar signals at decanetric wavel engths are very difficult,
The snearing results in an apparent reduction of the peak fl ux
(see Appendi x III) of the pul sar signal, causing reduction in
signal -to-noise ratio. Such snearing al so seriously zffects

the attai nabl e ti me-resol ution.

The second inportant effect of the propagation in the
mediumis that of the scattering due to density irregularities
in the nedium The scattering also results in snmearing of the
pul ses. Unli ke the dispersion snearing, the snearing due to
scattering cannot be reduced or avoi ded. This snearing is
observed to increase very sharply wth the wavel ength of
observation €é8,69,701 and the di spersion neasure (DM) for the

pul sar C£71,721 (see Appendix II). In the case of pulsars with
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short periods and |l arge values of dispersion neasure, the
snmearing due to the scattering can be larger than the pul sar
period, causing drastic reduction in the effective pulsed
ener gy. Even in the case of other pulsars, the scattering
causes the peak flux to drop, apart from snoothening out
narrow features in the pulsar signals. However, it should be
noted that the neasurenents of the anount of scattering nade
using pulsar signals, are of great inportance in studying the

paraneters of the interstellar nedi um

Both these effects in the interstellar nedium nanely
di spersion and scattering, mnake high sensitivity and high
time-resolution observations at |l ow frequencies al nost
I npossible for nost of the distant pulsars. As the sky
background becones brighter at lower frequencies [733,
additional difficulties arise if the pulse energy decreases

I nstead of increasing towards | ower frequencies.

Ohe of the earliest observations at decanetric
wavel engths, is due to Bash et.al. (1970) L741 at 38 MHz.
They reported their observations on PSR 1919+21 and det er m ned
its average energy per pulse, pulse shape and the dispersion
neasure along the line-of-sight. These observations were nade
with the MT solar radar antenna at El Canpo, Texas, having an
effective aperture of 19,000 square .neters. Two frequency
channels were used and the average profiles were obtained

usi ng cyclic integrators.
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Successful detection of a fewnore pul sars by Bruck and
Ustimenko (1973) [£61,621, in the frequency range 10 to 25 Mz,
confirmed the possibility ¢f receiving pulsed signals from
sowe pul sars at decametric wavel engths. Under st andably, these
pul sars had longer periods and |esser dispersion effects.
These observations by Bruck and Usti nenko were nmade using the
NS armof a T-shaped radio-tel escope £751, having a physi cal
area of about 105 square neters and with a continuous tracking
facility. The receiver consisted of 16 frequency channels
wi t h i ndependent frequency control and independently regul ated
predet ecti on bandwi dths (variable from 1.5 to 14 KH). A
256- el enent anal ogue storage devi ce was used to average nany
pul ses. A great variety was observed in the nean anplitude
and shape of the pulses, with rapid transitions from one shape
to anot her, occurring over tine scales of 2 to 5 mnutes. In
a few pulsars, two or even three conponents were noticed
i nstead of one. A tine-resolution of 20 mllisecond was

attai ned in sone cases.

Through detail ed studies of the extensive data on a few
pul sars at decanetric wavel engths, Bruck and Ustinmenko
reported in a series of papers C76,77,781, the detection of
interpul se emission not sSeen at higher frequencies. The
observations, particularly on PSR 1919+21, have been di scussed
by these authors in great detail. They find that the

I nterpul se radi ati on increases at | ower frequencies and shows
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a mnarked sporadic nature. Algo in the case of sone ot her
pul sars observed by them they find evidence for em ssion anay
fromthe main pulse. This emicz-sion is not necessarily |ocated
exactly half way between two nmain pul ses, and can have one or

nore peaks.

The radio sepctra down to 53 Mz for about a dozen
pul sars were first studied by Comella (1972) [£521. The
spectra in many cases were found to have I|ow frequency
t ur novers. Simul taneous flux density measurenents were nade
in the range 60 to 1420 MHz on nine pul sars by Kuzmin et al
(1978) £511. This study revealed large variations in spectra
fromday to day. The neasurenents of the spectra of five
pulsars in the 17-1420 ME range have been reported by Bruck
et.al. (1978) [531. These observations were nade at the
radi o-astronom cal observatories at G akov (Wkrainian SSR),
Pushchi no (PIAS) and and Jodrel |l Bank (Engl and). This study
revealed a 'turnover' in the spectra at |owfrequencies for
all five pulsars, and that the maximum in the emssion

intensity lies at a frequency of 120+60 M on the average.

Measurenents of the arrival times of the integrated
pul ses of PSR 0809+74 at five frequencies over the w de
interval, from400 to 39 MHz, by Davies et.al. (1984) Cr93
have shown that the | ower frequency signals arrive wth del ays
| onger than those expected from tne known anount of

di spersion. The 'superdispersion' delays in the arrival timnes



of the signals fromthe sane pulsar were found to be nore
promnent at 30 Mz (Shitov and Ml of eev, 1985) L£801, reaching
about 150 ml i seconds. The effect is interpreted as a
mani festation of possible bending of the pulsar's effective
radi ation cone. It is argued that this bending is nost |ikely
due to twisting of the magnetic field lines that causes the

el ectromagneti c braking of the rotation.

Measurenments of the polarization characteristics of
pul sar signals at decanetric wavelengths are very |limted.
The linear polarization of the average pulses of two nearby
pul sars has been studied at 39 Mz by Suleimanova et al.
(1983) [811. The results indicate, that the nonotonic
rotation of the position angle of the plane of polarization
can be disrupted by abrupt changes by about 90° at the |eading
edge of the average pul se for these pulsars. A high degree of

| i near pol arization was found in the two cases.

The decanetric observations descri bed above have vyi el ded
very val uabl e i nformation about the properties of the em ssion
from pul sars. Al of the five known decanetric spectra
indicate 'turnovers'. Therefore, the extension of the spectra
towards | ower radio-frequencies for other pulsars is naturally
of great interest. This is especially so for those pul sars
whose intensity is still growi ng with decreasing frequency in
the known part of their spectra. The possibility of

I nter pul se em ssion appearing at |lower frequencies al so needs
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to be investigated in the case of nore pulsars to establish
general pul sar properties relating to shape and size of the
em ssion cones. The pulse profiles of many pul sars, have been
observed to change with frequency in the high frequency range
£28,82,831. The extension of these observations to |ow
frequenci es woul d be extrenely val uable. Moreover, the anount
of interstellar scattering can be estimated at these
wavel engths to test the present understanding about the
dependance of the anmount of scattering on the dispersion

neasure and the wavel ength of observation.

VW note, that all the pulsars studied at decanetric
wavel engths so far, have dispersion neasures |ess than
13 cﬂapc . Mre pulsars, therefore, nay possibly be detected
at decanetric wavel engt hs, | f sufficiently sensitive
observations can be nade and if suitable schenes are enpl oyed
to enable observation of highly dispersed pul sar signals with

good tine-resol ution,

In this thesis, we report on our attenpts to obtain
observations of pulsars with high sensitivity and high
tinme-resolution at a | owradi o-frequency. The Decaneter-wave
Radi o Tel escope at Gaur i bi dnnur, | ndi a
'(Longitude: 77°27' 07" ,Latitude: 13’36’ 12*), designed and
used for continuum observations at 34.5 ME [84,85,861 was
used for this purpose. |In order to enabl e pul sar observations

with reasonable sensitivity a new tracking facility wan
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desi gned, fabricated and installed. A detailed description of
the tracking system is presented in the first part of the
t hesi s.

In the second part, a schene for observations of strong
but not highly dispersed pulsar signals is presented.
Suitable procedures developed for observati on, dat a
acquisition, data processing, detection and calibration are
di scussed in detail. A data acquisition system was designed
and built for this purpose. Qur successful detections of 8
pul sars out of 20 attenpted candi dates are reported. A new
detection criterionis used for increasing the reliability of
such detections. Possiblities to study fluctuation spectra
and |owfreqgeuncy variability of pulsar signals are considered

and a fewrel evant observations are presented.

In the third part of the thesis, a schene devised to
enabl e high. time-resol ution observations of highly dispersed
pul sar signals .z descri bed. This schene enploys a basic
swept - f r equency dedi sper si on pr ocedur e. A reliable
pr ogr ammabl e sweepi ng | ocal oscillator systemwas designed and
built to suit the requirenents. The design aspects of this
systemare discussed in detail. This systemwas used with the
existing multichannel autocorrelation receiver to obtain
intensity patterns with high resolution in the frequency
donai n. A new nethod was used to avoid the need for gain

calibration of individual frequency channels and the need for



absol ut e synchroni sation of the sweep. It is shown, that with
this nmethod, higher tinme-resolution can be obtained for strong
pul sar signals. The details of the data processing are
di scussed. Using this schene we have successfully
denonstrated its ability to observe pulsars w th dispersion
neasures as high as 35 cﬁch. In the end, we present a brief

di scussion on the results obtained using both the observing

schenes.



