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A SYNOPSIS OF THE THESIS ENTITLED 

"A STUDY OF THE EMISSION AND PROPAGATION OF RADIO 

SIGNALS FROM PULSARS" 

More than thirty years since the discovery of pulsars, their radio emission mech- 

anism is still very poorly understood. The niajor difficulty remains the lack of fully 

self consistent theoretical model of the pulsar magnetosphere. Empirical studies of the 

observed properties of pulsars, in particular their pulse shape and polarization, have 

however yielded important constraints for the theories to work within. This thesis is 

devoted mainly to  an attempt to further these empirical studies, with an aim to  learn 

a few additional things about the shape of the emitted pulse cone, the structure of the 

magnetic field as well as the distribution of interstellar electron density fluctuations. 

Chapter 1 

Chapter 1 gives a general introduction to pulsars and neutron stars relevant to 

the present work. In the beginning of the chapter we introduce the various pulsar 

parameters followed by a discussion on the basic pulsar properties namely radio pulse 

shapes and the polarization behaviour. This is followed by a discussion on the phe- 

nomenological models of pulsar emission and we briefly discuss one of the theoretical 

emission models. A brief outline of the inter~a.1 structure of a neutron star and of the 

origin of the magnetic field is presented. Finally, the effects of propgation through 

the interstellar medium namely, dispersion and scattering, on the pulsed radio signal 

from pulsars are introduced. 

Chapter 2 

In cliapt,er 2 we revisit t,he problem on the shape of pulsar radio emission beam. 

Characterizing the shape and frequency evolution of pulsar radio emission beams is 

important for understanding the observed emission. The various attempts by earlier 

workers investigating beam shapes have resulted in widely different conclusions. Using 

a carefully selected subset of the recentlv published multifrequency polarimetry obser- 

vat,inns nf .?no ra.din nii1sa.r~ (Cniilrl /3 T , v n ~  1 W8'1 WP a.t.t.~mnt, t.n m n r l ~ l  t . h ~  s h 2 n ~  



of pillsar beams. Assuming that  the beam shape is elliptical, in general, and that  it  

may depend on the angle between the rotation and the magnetic axes, we seek a con- 

sistent model where we also solve for the dependence of the beam size on frequency. 

The method employed is qualitatively different from earlier studies as we solve for the 

frequency evolution of the beam size rather than the evolution of the observed pulse 

widths. From the six-frequency data on conal triple and multiple component profiles, 

we show that  

a) the pulsar emission beams follow a nested cone structure wit,h a t  least three 

distinct cones, although only one or more of the cones may be active in a given pulsar; 

11) each emission cone is illuminated in the form of a,n annular ring of width typically 

about 20% of the cone radius. 

Although some slight preference is evident for a model where the beam is circular for 

an aligned rotator & latitudinally compressed for an orthogonal rotator, the possihility 

that the beam shape is circular a t  all inclinations is found to  be eq~lally consistent 

with the tlata. While the overall size scales as P-O.' (where P is the pulsar period) as 

expmctetl from the notion of dipolar open field lines, we see 110 evidence in support of 

tlic: c:vol~it,io~i of beam shape with pu1sil.r period. 

Chapter 3 

In chapter 3 we study, theoretically the expected evoliltion of the milltipolar struc- 

ture of the magnetic field of isolated neut,ron st,ars assuming the  current,^ to  be confined 

t,o the crust. Strong multipolar cornpone~lt~s of the rnagnet,ic ficld are often t,houglit to  

play an important role in the radio emission from pulsars. Though the overall pulse 

c?mission m~indow is decided by the tlil)ole open rriagnetic field lines (as we argue in 

chapter 2),  the 'illuminat,ion patt,ern' of the emitting region can be caused by the local 

rnllltipolar structure of the magnetic field present a t  the surface of the neutron star. 

Thc rrliiltipolar components hence will decide the distri1)lltion of charges across the 

fieltl lines, giving rise to the substri~ct,ures in the integrated pulse profiles. Thus if 

t,lic: ~riillt,i~>olar (:ornponents evolve significantly with respect tto the dipole, one wolild 

oxl)c?c:t, to see a correspo~iding cliii,ii~;, i11 the st,riic:t~~re of the 1)illse. In our analysis 

we firit1 that  except for multipoles of vcry high order (12 25) the evollition is similar 



to that of a dipole. Therefore no signifirant evolution is expected in pillse shape of 

isolated radio pulsars due to the evoli~tion of the mliltipole structure of the magnetic 

field. This fact seems to agree with observations where studies identifying multiple 

components in pulse profiles show that the number of components does not vary with 

the characteristic age of the pulsar. 

Chapter 4 

In chapter 4 we look for possible signatiires of multipolar magnetic ficld in the polar- 

ization position angle traverse in pulsars. The position angle of the linear polarization 

is observed to sweep across the pulse window in a characteristic smooth S-shape which 

is interpreted as emission arising from regions where the underlying field is dipolar. 

The other effect observed in pulsars is that the pulse widths shows a systematic de- 

crease with increasing frequency. This effect, known as radius-to-freqnency mapping, 

in interpreted as emission a t  higher frequency being emitted from lower altitudes from 

the stellar surface while emission at  lower frequencies being emitted a t  higher altitudes. 

In chapter 3 we have considered the possibility that multipolar component of the 

magnetic field in the surface of neutron stars, can be invoked to explain the complexity 

in t'he observed pulse profiles. However the radio emission region, which is thought to 

be located far away from the surface, may be much closer to dipole due to the steep 

fall off of multipole fields away from the star. Nonetheless, due to radius-to-frequency 

mapping, a t  higher frequencies one expects to probe regions closer to the stellar surface 

where the magnetic field could be non-dipolar. As a result, the smooth S-shaped curve 

of the polarization position angle sweep is expected to develop a kinkiness a t  higher 

frequencies. We have simulated the magnetic field structilre around t,he neutron star 

with a dipole and quadrupole component of the magnetic field, and produced the 

polarization position angle as a function of stellar altitudes. The kinkiness in the 

curves are evident. 

Further we have checked this effect on the nlultifrequency polarimetric data of 

PSR B0329+54 spanning a frequencv range from 408 MHz to 4.8 GHz. The full 

polarization single pulse data on this pulsar was obtained from the European Pulsar 

RTot~rmrlr arrhixro a t  f r o n ~ t o n r i o c  1 A CFTT 9 7 CFTv s n r l  A 8 CFlv A s i n c r l ~  nl~lsp nnnlvqis 



of this pi~lsar was clone to  get, the rniiltifrequency polarization position angle curves. 

We firit1 t,llat tlie polarization position a,ngle has developed a kiriltiness a t  and above 

2.7 GHz. We interpret the effect to  be d i ~ e  to  the presence of quadri~polar magnetic 

field component along with the dipole. We show that the simulated curve for the 

polarization position angle is in good agreement with observation. However, due t,o 

large number of unknowns in the problem (cf. tlie orientation and st,rength of the 

quadrupole with respect to the dipole) it is not possible to  uniquely dct,ermine the true 

rnag11et)ic field structure from this analysis. 

Chapter 5 

In chapter 5 we report measurements of scatter broadening of p11ls;lrs a t  327 MHz 

using the Ooty Radio Telescope. The radio pulse signal, originating from the pulsar, 

travels ;L long way before it reaches an earth-boi~rid observer through the inter~t~ellar 

riietliurii. The derisit,y fluctuations of t,hc ionized co~nponent of the int,erstellar medium 

calms the pulsar signal to be scatt,er~rl. As a result the pi~lse shape gets broadened in 

time a.ntl it develops an exporlential tail. Measurernerit of the scatter hroadening (T,,) 

is t ,hl~s ; ~ I I  useful quantity to  understand the density fluctuations in the interstellar 

nietliiirn. However T,, values exists only for -145 pulsars out of tlie -1000 pulsars 

l<nowri t,otlay. Hcrice a systenlatic survcv for measuring the scatter broarleriing in a large 

nilrnbcr of pulsa,r directions where such data are not asailable yet,, was ilndertaken. We 

tlitl ol1r ol~servat~ions in t,wo phases. For t l i ~  first phase me sclectecl 27 liigli dispersion 

I~l~~iisllr(! pi~lsars. New measuremer~ts of r,?,. for t,hc 27 ~)iilsr?rs a t  327 MHz ;~rc? presented 

in this chapter. These rneasi~rernent~s sigrlifica~it,ly irnprovc on tlic? i~v;lil;~ble set of 

rneasi~rerrients for pulsars with dispersion measures in the rarige 100 to 250 pc cm-". 

Tliesc m~asurements also sample an i m p ~ r t ~ a n t  section of the galact,ic volume which 

shoi~l(l rc>ntlcr l)c?t,ter rnodeling of the ~lec t~ron density distribution. Thc tlependcnce of 

t,lle ~ ~ i ~ ~ t ~ t ( \ r  1,roatlening on the tlispersion nieasure is tliscl~ssed arid ~notleled based on 

t,llo IIPW (1ill,t,a combined wit,h earlier sirriilar ~neasin-ement~s. 

111 t,lic. secorlcl phase we selected 1)111sars in tlie tlirection of the Giim Nebula. In a 

stiidy t,o obtain pulsar distances and the electron density model of t,he galaxy, Taylor 

& Cordcs (1993) used the shapes anti lo~at~ions of various HI1 regions derived from 



existsing optical arid radio observation. I11 thcir model t<he Gum Nebula (because of its 

proximity) has been given special attention apart from the already existing HI1 regions 

which closely follow the spiral arms of the galaxy. However, as also suggested by Taylor 

and Cordes, inadequate knowledge about the variations of the electron density and its 

fluctuations across the region makes it difficult to allow construction of a meaningful 

model for the parameters of the Gum Nebula. We report T,, measiirements for 21 

pulsars observed in that direction which would improve our understanding of this 

region. 
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