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SYNOPSI S

Pul sars are highly magnetised, rotating neutron stars*
They emt energy in a wide band of radio frequencies, at the
expense of their rotational energy* The intensity and
polarisation of the radio lumnosity inplies that it is caused
by a coherent, non-thermal process* It is believed that neutron
stars are born in explosions of massive stars (an event known as
a "supernova”), which also |eaves behind a she)l of |um nous
material known as a "supernova remnant”, However, only a m nute
fraction of the pulsars and supernova remants known are found
to be physically associated in the sKy. Mor eover, the
birthrates of the two species appear to be at variance with each
ot her* In this thesis we start with an attempt to conmpute a

reliable birthrate for pulsars by means of statistical anal ysis

of pul sar data.

We restricted ourselves to the pulsars observed by the
Second Mol onglo Survey for the sake of uniformty of the sample*
W studied the observational limtations tor "sel ection
effects") of this survey and found an inportant selection effect
whi ch was hitherto neglected, as well as a new selection effect
which is peculiar to this survey, Using the same survey, we
studied the variation of the interstet lar eletron demgicy

Mg in the Galaxy wunder the constraint that the pulsar
di stribution be cylindrically symmetric with respect to the
gal actic centre, We combi ned results from various independent

sources (including ours) and arrived at a reliable formula for
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MNe as a function of the height % above the galactic plane*

M) = 0.03 + 0:02 ExP-(\%|/[10)

We then used a Monte Carlo scheme toconmpute a weighting factor
for each pulsar. This accounts for the incompl eteness of the
pul sar survey with respect to each pulsar* Using these weights
we conputed the birthrate of pulsars in a novel manner* W used
the concept of “"pulsar current” 3} (number sec? Gélaxid)
which is the novement of pulsars along the period ¢ P ) axis in
a plot of the period vs the period derivative. U} is always
a rigorous |lower bound on the pirthrate of pulsars; but in a
certain segment of the 3} vs P curve we my actually
compute the birthrate itself, This was done incorporating the
various selection effects. Our calculation is the first to have
account ed for these selection effects; in addition, our

calculation is entirely nodel independent*

Our calculation further showed that a large fraction of
pul sars are born at large periods ¢ P >0.5 s.,), contrary to the
conventional belief that pulsars are born with very smal
periods (mmilliseconds), We have called this phenomenon
"injection" of pulsars, and offered two possible explanations

for it.

An inportant input into our birthrate calculation is § ,
the fraction of pulsars that are seen by us. This arises
necessarily because pulsars do not emt radiation isotropical ly
but in the form of a rotating bean* Conventionally was
taken to be 0.2, but it depends critically wupon the size and

shape of twe pulsar beam, W studied the recent polarisation
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data on some pulsars and conluded that pulsar beams can be much
| arger than generally assumed, thus increasing the effective
val ue of } to 0.5, In addition we found that the pulsar beam
size decreases as the pulsar ages. |Incorporating all these new

results we conmputed the birth rate of pulsars to be once every

+40

28_4» years in the Gal axy. As this is not too different

fromesti mtes of supernova remant birthrates, we conclude that

no significant discrepancy exists between the birthrates of

pul sars and supernova remnants.

In this thesis we also present the results of our
observations of pul sars using the Ooty Radio Telescope.
| mproved declinations have been measured for 40 weak pulsars.
Flux densities at 327 MHz are also presented for these pul sars*
For 32 of these pulsars, i nproved periods have been derived

using the inproved positions,
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CHAPTER 1
I NTRODUCTI ON

1.1 THE PULSAR OBJECT

The term PULSAR (in short PSR) refers to stellar objects
emtting periodic radio pulses discovered by Jocelyn Bell
(Hewish et., al, 1968), The few notions about these objects
which have retained their wide acceptance to this day were
established very soon after the discovery of pulsars by Hewish

et, al. in 1968, These are

(a) A ROTATI NG NEUTRON STAR (a conpact star of radius
~10 Km, consisting mainly of degenerate neutrons ) is the only
known stellar configuration capable of producing the observed
periodicities (periods P in the range mlliseconds to
seconds)+ In the first few pulsars discovered the periods
ranged from 0.25 s, to 1.5 s. This led to the specul ation
that the plusar object may be a WHITE DWARF, either rotating
(Ostriker 1968) or vibrating (Skilling 1962). However, uhe
di scovery of the Crab pulsar (Staelin and Reifenstein 19681 and
the Vela pulsar (Large, Vaughan and Rills 1968) with perids of
0,033 s, and 0.089 s, respectively, laid to rest such
specul ations and pointed to a rotating neutron star (Gold 1968;

Pacini and Sal peter 1968, Pacini 1968) which is the only stable
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stellar configuration capabl e of produci ng such short

periodicities.

(b) A HIGHLY MAGNETI SED, ROTATI NG NEUTRON STAR can explain
the observed rate of decrease in the period (Gold 1968) which is
observed to be typical |y e \6d§sec./sec. (Radhakri shnan et al.
1969; Col e 1969; Davies et a} 1969; Richards and Conel la
1969), since a rotating magnetic dipole would radiate energy in
the form of electromegnetic waves at the expense of the
rotational energy* Pacini (1967) suggested the scheme as the
energy source in the. Crab nebula even before the discovry of
pul sars. The observed P and é suggest that the dipole
magnetic field strength B is typically no\du gauss at the

stellar surface*

(c) The observed radio Ilumnosities coupled with the
compact ness of the pul sar suggest that the equival ent black-body
brightness tenperature TE must be o \Da“K, As this is a
physically unrealistic tenperature, the radio lumnosity nust
result from a coherent radiation process (Craft et al. 1968;

Lyne and Ricket 1968; also see Manchester and Taylor 1977).

{(d) The large bandwi dth of the radio radiation, ranging
from 10 MHz to 10 GHz (Davfes et al, 1968; Robinson et al.
1968; Radhakrishnan et al, 1968), its spectrum and the
pol arised nature of the radiation ¢ Lyne and Smth 1968)
indicate a non-thermal type of radio em ssion (e.g.y synchrotron
radiation), In this case the polarisation of the radiation wll
reflect the orientation of t he magnetic field* Ear 1y

pol ari sation observations (Radhakri shnan and Cooke 1969)
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suggested that the magnetic field configuration nmust be simlar

to that near the axial regions of a dipoie.

Thus the early consensus was that pulsars are highly
magneti zed: rotating neutron stars from which radio radiation is
coherently emtted close to the axis of the magnetic dipole*
Provided that the line of sight to an observer lay within the
cone of radiation emanating from the magnetic axis, he would see
a pulse every time the rotation of the neutron star sweeps the
beam past him (Radhakri shnan and Cooke 1969; Kornesaroff  1970;
Radhakri shnan et al. 1969).

1.2 SOME OUTSTANDI NG PROBLEMS

Al most everything el se concerning pulsars IS enmeshed in

some sort of controversy, The foremost problem in pulsars
concerns the exact mechanism of radio radiation and its
coherence, Currently one school of thought (consisting of the

POLAR CAP MODELS based on the work of Radhakrishnan and Cooke
(1969), and pi oneer ed by Sturrock (1971), Ruderman and
Sutherland (1975), Arons (1979), and Cheng and Ruderman (1980))
has achieved partial success in interpreting phenonenol ogical |y
the vast pool of observational data. There are now 330 observed
pul sars (Manchester and Taylor 1981) each displaying a variety
of behaviour regarding (1) the morphology of the puise, (2)
polarisation, (3) radio lumnosity and its variation, (4)
drifting subpulses, (S) pulse structure on a variety of tine
scal es down to mcro-seconds, etc. (an excellent conpilation of

these properties can be obtained in Manchester and Tayl or
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(1977, who give copious references to the original
contributors). However theorists are facing i mmense
difficulties in using basic physics (essentially electrostatics
and el ectrodynamcs) to establish the "foundations" of these
model s (again Manchester and Taylor (1977) is a good reference
though a recent review by Nichel (1982) may be more appropriate;
however see Goldreich and Julian (1969), Flowers et al. (1977),
Cheng and Ruderman (1980), and Melrose (1981) for some of the
difficulties mﬂth these models). Anot her school of thought,
consisting of the LI GHT-CYLI NDER MODELS (Smith 1970 and 1973,
Zhel eznyakov 1971), has even greater difficulty in making a
pl ausi bl e nodel (however, see Ferguson (1983) for a dissenting
opinion)+ Thus the mechanism of radio radiation remains a major

problem to this day.

Al though the relationship between pulsars and their
environment is understood better, there are still many problenms
waiting to be solved* It is believed, for exanple, that massive
stars explode towards the end of their lives (an event known as
a SUPERNOVA), leaving behind a shell of stellar material known
as a SUPERNOVA REMNANT «(SNR) and a NEUTRON STAR (Baade and
Zwicky 1934), This picture gained immense credibility with the
dicovery of a young pulsar each in the Crab SNR as well as in
the Vela SNR. However there are two types of supernova events
‘(MinkowskKi 1942), and it is not fully established that only one
type leaves behind a neutron star and not the other, as
specul ated by Shklovskii (1982), It is also not clear whether
such a neutron star immediately becomes a pulsar or has a
duration of dormancy when it does not put out any radio pul ses*

|'f pulsars are indeed born in such a scenario, then we should
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find a pulsar within or near each SNR, But only three pulsars
(PSR 0531+21, PSR 08332-45 and PSR 1509-58) are believed to be
associated with an SNR each, out of the 330 pulsars and 120 SNRs
known to this date. Furthermore, the presently conput ed
birthrates of pulsars and 8SNRs appear to be significantly
different ¢ Trimble {1983), Manchester and Taylor (1977) and the

references therein),

Finally the internal structure of neutron stars is a
subject of much theoretical study and is of great inportance

even in understanding their external behaviour, For exanple the

internal structure will ultimately determ ne whether the pul sar
magnetic field decays within its lifetime or not (Chanmugan
1973, Ewart et al, 1975) ., Again it is not known with

certainity whether ions can be pulled out of the surface of a
neutron star as easily as electrons ( Chen et al. 1974)., The
validity of the Ruderman and Sutherland nodel is critically
dependent upon the answer to this question.8ee Ruderman (1972)
and Baym and Pethik (1975) for reviews on the internal structure

of neutron stars.,

1.3 PREVI OUS ESTI MATES OF THE PULSAR Bl RTHRATE

In this thesis we attempt to answer some of the above
questions by anal ysing statistically the vast amount of
observational data which has accunulated in the last ten years
or so. W start with an attenpt to obtain a reliable birthrate

for pulsars,
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Usual ly the birthrate of pulsars is computed by the sinmple
arqument that, in steady state conditions, the total number of
pulsars WNg in our Galaxy should be equal to the birthrate

b multiplied by the mean lifetime of pulsars TZW‘ » Ng s
obtained by using the inferred space density of potential ly
observable pulsars in our Galaxy, and dividing it by a beam ng
fraction + whi ch accounts for those pulsars which are not
beamed towards the Earth. In order to study the distribution of
pul sars in the Galaxy it is ne cessary to know their distances*
For about 30 pulsars distances have been neasured by means of H
absorption. For the majority of pulsars, however, the observed
di spersion nmeasure, together with the galactic thermal electron

density model, is the only means of estimating distances,

To obtain the true distribution of pulsars with respect to
the radio lumnosity L , galactocentric radius RG‘ and the
hei ght 2 above the galactic plane, the various selection
effects due to the inverse square law, the sky coverage, system
sensitivity, etc., nust be taken into account, This exercise
was first done by Large (1971), and later by Davies et al.,
(1977), Taylor and Manchester (1977),and Manchester (1979), each
on an increasing size of data sanple* The consensus now isS that
there are ~ 10° pul sars in the Galaxy beamed towards us. All
t hese authors assume that the fraction of pulsars beamed towards
us is 0.2, Therefore Ng was estimted to be ~ wa‘ pul sars*
e mention in passing that somewhat |ower estimates of

Neg (~ lX\Os ) have been obtained by Guseinov and Kasumov
(1979) and Arnaud and Rothenflug (1980); and Gailly et al.
(1978) obtain Ng to be in the range o-q-x(osto lelos '

However, these lower estimates are nmost |ikely due to the higher
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choice of L.im ¢+ the [limting radio lumnosity in t he

L di stribution, made by these authors*

Tw cCan beestimated by two methods* By assumng the

di pole nmdel for pulsar braking (Ostriker and Gunn 1969), the

age T of a pulsar can be estimated by the relation
’ts.%‘P(é v where P is the period and P is the peri od
derivative* However, T is not a true estimate at ages
larger than a few mllion years (Lyne et al. 1975, Taylor and
Manchester 1977), either due to magnetic field decay (Ostriker
and Gunn 1969), or alignment of the magnetic axis with the
rotation axis (Goldreich 1970;Michel and Goldwire 1970; Davi s
and Gol dstein 1970)., The discrepancy between T and the true
age at large T appears to be confirmed by the proper notion
measurements of Lyne et al . (1982), Following the nmethod of
Davies et al., (1977), Manchester and Taylor (1977) obtain an
estimate of Tomiy as fol lows* O the 87 pulsars with known
characteristic ages at that time ( just before the Second
Molonglio Survey alnost doubled the total number of pulsars),
about 20 have ages less than one m 1lion years* Then the upper
limt on the "equivalent" lifetime is approximately 87/ap0r 4,5
mllion years, which inplies that the mean lifetime is around 2
mllion years* However, these authors did not take into account
the selection effect depending on period or radio |um nosity*
[

Al ternatively, can also be estimated by dividing the
mean height < 2% of pulsars above the galactic plane by their
mean 2-velocity, { Na.) , which can be obtained indirectly from
the proper motions which have been measured for a few pulsars

(Anderson et a 1975; Backer and Sramek 1976; Manchester et
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a , 19743and Lyne et al. 1982)., These "kinematic" ages have
the advantage of being independent of errors in pul sar
di st ances, On this basis Manchester and Taylor (1977) obtain

the mean |ifetime of pulsars to be ax\éaﬂws, which is in good
agreement W th the above estimate. Thus using 4 ml lion years
for the nean equivalent lifetime, Manchester and Taylor (1977)
obtain the birthrate to be once every & years in our Gal axy. In
this calculation they neglect a very inportant selection effect,
viz,, the radio Ilumnosity selection effect, which biases the
observed sampl e towards bright, and consequently young, pulsars.
Lyne (1381a) obtained T.,, to be 5 miliion years after
analysing a much larger sanmple of 278 pulsars with known
characteristic ages, as well as an enlarged sanmple of 26 pulsars
with inmproved proper notion measurements (Lyne et al. 1982).
He obtains a birthrate of one pulsar born every 10 years.
Hower, he too neglected the radio lumnosity selection effect,
More recent |y, Lyne (198tb) took the radio lum nosity selection
effect into account and obtained a birthrate of one every 30

years in our Gal axy,

Thus nmost previous computations of the birthrate suffer
from two mjor wuncertainities, viz., the neglect of the radio
| um nosity selection effect in conmputing pulsar ages, and the
assumption that the fraction of pulsars beamed towards the Earth
is only 0.2, A somewhat |ess serious, but nevert hel ess
significant, uncertainity 1is the conventionally adopted nodel
for the thernmal el ectron density in t he Catlaxy, whi ch

establishes the distance scale to pul sars*
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1.4 THE PRESENT WORK

Qur first exercise is to extract a "uniform' and "conplete"
working sanple of pulsars fromthe presently avail able data,
Most of the 330 pul sars known to this date have been detected by
four surveys, viz., the FI RST MOLONCLO SURVEY (IMS, Large and
Vaughan 1371), the JODRELL BANK SURVEY (Davies et al. 1972,
1973), the ARECI BO SURVEY (Hulse and Taylor 1974, 197S5), and the
SECOND MOLONGLO SURVEY (1IMS, Manchester et al., 1978). Each
survey has its own limtations in terms of telescope sensitivity

to any pul sar parameter; for example, the Arecibo survey could

detect pulsars whose radio flux S was as weak as 1.4 mdy (1
-2%
milli Jansky (mJy) = 10  watts/m>/Hz), while the Jodrell Bank

survey could not go below 15 mdy; the Arecibo syrvey could
detect pulsars right down to 0.4 seconds in period while the
Jodrel)l Bank survey could not go below 0.3 s; etc. Because of
this we firstly restricted ourselves to the IIM5 for the sake of
uniformty of the sample. Moreover the [|IMS detected 224
pul sars, which is a significant fraction of the total number of
pul sars detected so far. We made a thorough study of the
observational limtations (known as "selection" effects) for the
1 MS and derived the following formula ,for the m nimum

detectable flux Sew for a pulsar
"1 |,1
Semim = S0 01+ Touv [T Y1+ &k OM/p) " ((ces 8) QY

wher e T;KN and 11{ are t he receiver and sky noi se

tenmperatures, DN is the dispersion measure of the pul sar
K is a constant depending upon the m nimum bandwi dth of the
receiver? and is the declination* W have confirmed from

the Il MS data that this formula is an inproved representation of
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the selection effects in this survey as conpared to the
conventionally wused formula (Taylor and Manchester (1977),
eq. (8-5)), The new features of this formula are firstly the
peri od dependence of Smim Which has so far received very scanty
attention (Large and Vaughan 1971, and Huguenin 1976), and
secondly the declination dependence which is peculiar to [|IM

and has not been mentioned so far.

Next we inmprove the distance scale to pulsars by studying
t he interstellar el ectron density* Pul sar distances are

generally estimated by means of the formula

d = DM /<mey @2

where me) is the mean interstellar electron density, Hal 1

(1980) details a good summary of the various previous attempts

to estimate e , On account of the large uncertainities
associated with the presently used {med , it iS necessary to
properly nodel Ne , For exanpl e, MNe is believed to
decrease exponentially with increasing height & 1 thus the

scale height 2, must be determ ned* We have tested various
model s of ™e under the constraint that the resultant galactic
distribution of pulsars be cylindrically symmetric about the
galactic centre* This is an independent test of We and thus
hel ps to reduce the error bars on it. W have also studied the
separate Ne of HII regions, which are smal | regions of
(relatively) extremely high electron densities surroundi ng
bright stars, If these are not treated separately, one m ght
lose the proportionality between Dm™ and a t hat is
genarally assumed {(eq. (1.2)). We have combined our results

with other independent estimates of ™g (see Vivekanand and
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Narayan (1982) for references), and have finally chosen the
following formula whose form was first established by Lyne

(13981a).,

MNel2) =2 0.03 &+ 0.02 EXP- (\%l[10) »

Here the first termrepresents a uniform electron density for
the whole galaxy, while the second termrepresents a separate
contribution from HII regions, which have a scale height of

70 PCe

We then use a Monte Carlo scheme to conpute for each pul sar

a weight, or scaling factor S¢L,P), which depends upon its
period and radio lumnosity L This is the ratio of the
t ot al nunmber of pulsars in the Galaxy to the number detected by
the 1IMS, with the given P and L . We assumed the
galactic distribution of pulsars suggested by Manchester and
Taylor ¢1977), and generated pulsars randomy all over the
Gal axy withvariousvaluesof P , L , O™, and § .
We kept count of the total nunmber of pulsars generated as well
as those which <can be seen by the IIMS, using our formula for
Soaim @nd our nodel for me The ratio of the two numbers

yielded the scale factors* Thus Stt,P) is a measure of the
i nconpl et eness of the survey at each P and L ' [f one
were to compute the average of any pul sar parameter, say P '

then one nust conmpute the weighted average where the weights are

S( L,P)O

Finally we conpute the birthrate of pulsars in a novel
manner * We use the fact that the period of a pulsar is related

to its age T 3 since p is always observed to be
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positive (Manchester and Taylor 1981), the period of pulsars
al ways increases with age* W use the concept of pulsar current

3} {= nunmber of pulsars/sec,) which was independently
introduced by Phinney and Bl andford ¢(1981). This is the nunber
of pulsars at any period, crossing over from |lower to higher
periods, per unit time* It is identically equal to the
birthrate mnus the death rate in the period range 0 to P '
and is a rigorous lower bound to the birthrate in the same
period range, We outline the qualitative features of the

3} ve, P curve, and show that in a certain portion of
this curve we my actually expect to nmeasure the complete
birthrate, and not just its |lower bound. We conmpute the
birthrate by the obvious fornula (sinplified for our purposes

here)
'.)'P (P = P P ] (-4

wher e G(P) is the pulsar density; both @¢P> and P are
observed quantities* Thus our calculation is entirely
i ndependent of any pul sar model; nost previous cal culations on
the other hand use the age T , which can oniy be conmputed on
the basis of a model, In addition, our calculation was the
first to incorporate both "radio lumnosity" and "period"
selection effects (we recall that Lyne (1981b) incorporated the
radi olum nosity selection effect although he used the nodel
dependent age T for his calculation)+ W conpute the
birthrate of' pulsars to be once every \Etj; years in our Galaxy,
assum ng a beamng fraction of 0.2 (the error limts represent

the 95% confidence l1imits).

Qur cal cul ati on of 3} further showed that the current in
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the period range 0.5 s+ to 1.0 s. is significantly higher than
the current in the period range 0.0 s, to 0,5 s, From our
definition of dp it is obvious that such a situation can
arise only if some pulsars enter the second period bin without
flowing through the first* W therefore conclude that pulsars
are born in the the second period bin also. This is a
surprising result, since it was conventionaly believed that
pul sars are born rotating rapidiy, with starting periods of the
order of a few tens of ml liseconds, but never as large as 0.5
seconds, We have named this phenomenon "injection" of pulsars
at large periods* The currents in the two period bins are too
noisy to allow us to estimate the percentage of pulsars that are
injected, but we can state with 80%confidence that it is at
least 30%. Now, the noise in our currents is contributed mainly
by the spread in scale values StL,P), We reduced this spread by
di scarding the observed lumnosity 4 in the computation of
StL,P) and using instead a lumnosity v model led as a

functionof P and P following Lyne et al., (1975):

1 oL -

Ce pT PP (5)
We recomputed S$CtL,P) using L insteadof L , and found
that in fact a mjor fraction of pulsars are injected* We

further computed Jp in various bins of the P-P diagram and
found that injection occurs at high val ues of P We offer
two possible explanations for injection and show that one of
them could explain naturally the observed lack of association
bet ween pul sars and SNRs. We conclude that injection is a
genui ne pulsar phenomenon which awaits explanation, and not an

artifact of any selection effect or method of analysis.
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Since a pulsar does not radiate isotropicaliy but in the
form of a beam we would see only a fraction + of all
pul sars in the Galaxy* This is the mgjor uncertainity in our
birthrate calculations, since the observed nunmber of pul sars has
to be scaled up by \,{ to obtain the total number in the
Galaxy. + depends upon the shape and size of the pulsar
beam, which is conventionally assumed to be ~circular in
cross-section for want of any evidence to the contrary
(Manchester and Taylor 1977). In ot her words, i f we
characterise the beam cross-section by means of the
"North-South" dimension ®,, ~ (which'is along the projection of
the rotation axis on the plane of the sky) and the "East- West"
di mensi on Y (along the direction of rotation), it was
conventionally assumed that ’T”-P.“ov(w); which is the mean
observed pulse width. The corresponding value of { turns

out to be 0.2,

We have investigated the beam shapes by studying the linear
pol arisation data of some pulsars* In the framework of the
wi dely acccepted Radhakri shnan and Cooke (1969) nodel for pul sar
polarisation, the total change in the orientation © of the

l'inear polarisation vector across a pulse indicates the relative

of f -set 4 of the magnetic pole and the line of sight along
t he B-axis; i.e., B tells us how far Nerth (or South)
we are relative.to the beam centre, By analysing 8 for 16

pul sars we find the ratio pm/~,, iS on the average 3.0404 . e
therefore conclude that pulsar beams are highly elongated in the
Nort h-South direction* By analysing an enlarged sample of 30
pul sars we find that this ratio varies with period as

-0.65
P I't thus appears that short period pulsars have
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highly elongated beams, and that the elongation decreases with
i ncreasing period. We have confirmed these results by an
indepéndent anal ysis of the maxinum gradient of & in the
pul se, taking into account the spherical nature of 'the pulsar
beam geometry* For the mean elongation of 3,0, the val ue of

f- is 0.5, which is nmuch larger than the conventional val ue.

Consequently the pulsar birth rate scales accordingly*

As the polarisation data cannot distinguish between the
north half of the beam and the south half of the beam there
could still be a factor of 2 uncertainity in & if, for
exanple, pulsar beams were "one-sided" only (Arons 1979)., We"
have anal ysed the polarisation data to determne the relative
orientations of the rotation axis, magnetic axis and the line of
sight* W analyse three essentially independent data: {a) the
shape of the polarisation angle © vs the pulse |ongitude

® curve, (b) the magnitude of the  maximum gradient
1d°/dQ\w“:” the main pulse, and (c) the magnitude and sign of
the gradient in the interpulise. W find that the line of sight
can lie on either side of the magnetic axis (relative to the
rotation axis), In other words, pulsar beanms extend both north

and south of the magnetic axis, and are not "one-sided™

The final computation of f for each pulsar was made
under the follow ng assunptions: {1) the mean beam width at 10%
of peak intensity is 17° of | ongi tude, (2) the beam elongation
evolves with period as nentioned above, and (3) the relative
orientations of the magnetic axis and the‘line of sight (with

respect to the rotation axis) are uniform in the solid angle.

Using this we compute that pulsars are born once every
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téo . .
28 _,, Years in our Gal axy. We therefore conclude that there is
no significant discrepancy between the birthrates of pul sars and
SNRs Towards the end of the thesis we discuss the various

implications of our analysis*

Towards the end of this thesis we reproduce the pulblished
version of a manuscript concerning our observations on pul sars
using the OOTY RADI O TELESCOPE. I nproved declinations are
presented for 40 weakK pulsars. Flux densities at 327 MHz are
al so presented- for these objects* For 32 of these pulsars
i mproved periods are derived using our inproved positions* Qur
work has enabled us to denonstrate that PSR 1922+20 is highly

unlikely to be associated with the radio continuum source

4C20.,48.,

Finally we reproduce published versions of two mor e
manuscripts dealing wth work on pulsars done by us which,

however: have no direct bearing on the contents of this thesis.



