THE INFLUENCE OF PULSARS
ON SUPERNOVA REMNANTS

A THESIS
SUBMITTED FOR THE DEGREE OF

Boctor of Philosophy

IN THE FACULTY OF SCIENCE

By
DIPANKAR BHATTACHARYA

Department of Physics
INDIAN INSTITUTE OF SCIENCE
Bangalore-560 012

AUGUST 1987



DECLARATI ON

| hereby declare that the work presented in this
thesis is entirely original, and has been carried
out by ne at the Raman Research Institute under the
auspi ces of the Joint Astronony Programre of the
Departnent of . Physics,Indian Institute of Science.
| further declare that this has not formed the basis
for the award of any degree, diplom, nenbershinp,
associateship or simlar title of any University or
I nstitution.

Oyawdhn ‘3k~53~k~7/

D pankar Bhattacharya

19
Depart ment of Physj cs 2Q‘Aﬁ?“‘*l787
Indian Institute of Science
Bangal ore 560012
I NDI' A



ACKNOALEDGEMENTS

It is a great pleasure to thank Prof. G Srinivasan, ny
thesis supervisor, for his constant hel p and gui dance at all
stages of this work, including the preparation of the thesis.
Wor ki ng wi th hi mhas been a wonderful experience which | shal
remenber for a long time. He has been to ne at the same tine
a teacher, an advisor and a friend. | amdeeply indebted to
himfor teaching ne the ways and nmeans of scientific research,
and for the encouragenment and the noral and naterial support

he has given ne on many difficult occasions.

The work presented here has been carried out at the Raman
Research Institute under the Joint Astronony Programre of the
Indian Institute of Science. M thanks are due to both these
Institutes for providing nme such an excellent research
opportunity. | have greatly benefited from the lecture
courses in the Joint Astronony Programme, and | wi sh to thank

all the lecturers for having taught us Astronony so well

| thank Prof. N Kumar for the interest he has maintai ned
in ny work in spite of it being far fromthe area of his own

resear ch

| thank Prof. V. Radhakrishnan for the mnany stinulating
di scussions | have had with him | amgrateful to himfor his

val uabl e cooments on a draft of this thesis.



| would like to thank all rmenbers of the Astrophysics
Qoup at the Raman Research Institute for providing an
enj oyabl e and friendly at mosphere. Everyone has been nost
willing to discuss and sort out the difficulties | encountered
at different stages of ny work. | amparticularly grateful to
Dr. Rajaram Ntyananda and Dr. C S Shukrefor readily
resol ving many doubts, and suggesting new ways of looking at
the problens at hand. | amthankful to K R Anant haramnai ah,
K S Dwarakanath and C S Shukre for the valuable

col l aborations | have had with them

During the course "of this work | have benefited by
discussions with many people fromdifferent Institutes and
(bservatories. | would like to take this opportunity to thank
them all. and in particular Ds. M A Apar, G 8.
Bi snovatyi - Kogan, B Datta, W M Goss, W Kundt, D C V
Mallik. T. P. Prabhu. M J. Rees, M Salvati, E P. J. van den
Heuvel. K W, Wiler and L Wltjer for illuminating

conversations and hel pful criticisns.

The excellent Library of the Raman Research Institute has
been an invaluable support for ny researchwork. It is a
pl easure to thank M. A Ratnakar and other nenbers of the

Library staff for their hel p and cooperati on.

| would like to thank P. A Johnson. S Krishna, B V.
Nataraj, Ganeshan Radhakri shnan and Jayanthi Ranmachandran f or

provi di ng pronpt conputational hel p whenever | needed it.



My sincere thanks are due to Ms. Mksha Hal esh for quick
and accurate typing of the thesis, to M. Raju Verghese for
the preparation of the drawings, and to M. Ramachandra Rao
for phot ography. | am grateful to M. Ratnakar and M.
Hanunappa for their help and care in making copies of the

t hesi s.

| would like to thank all ny friends and colleagues at
the Indian Institute of Science and at the Raman Research
I nstitute who have been hel pful in nany ways during ny stay in
Bangal or e. A special word of thanks to K S Dwarakanat h,
Subhash N Karbel kar and Lakshmi Saripalli for the good
conpany and the generous hel p they have provided through nany

years.

| am nost grateful to nmy parents who have al ways been a
source of inspiration. Wthout their wunderstanding and

unfailing encouragerment this work would never have been

possi bl e.

Fi nanci al support during this work has been provided by

the Indian Institute of Science, Bangal ore and the National

Counci | of Educational Research and Trai ni ng, New Del hi .



CHAPTER 1
CHAPTER 2

CHAPTER 3

GAPTER 4 -
CHAPTER 5 -

CHAPTER 6 -

CHAPTER 7 -
HAPTER 8 -
GAPTER 9 :

QONTENTS

- THE SCOPE anD THE QUTLI NE OF THE THESI S
- THE ASSQO ATION BETWEEN PULSARS AND SUPERNOVA

REMNANTS

: ON THE R A N GF PULSAR NAGNETI C FI ELDS

Fossil Fields vs. Field Gowh after birth
MAGNETI C TORQUES AND THE CR A N OF SLOWVPULSARS
THE BVALUTION CF THE MRPHOLOGY AND  SURFACE
BRI GHTNESS CF SUPERNOVA REMNANTS W TH PULSARS | N
THEM

THE EVOLUTI ON OF SUPERNOVA REMNANTS IN STHLLAR
W ND BUBBLES

RADI O SUPERNOVAE AND THEI R FUTURE EVOLUTI ON
| NFLUENCE OF PULSARS ON SUPERNOVAE
SEQULAR EVOLUTI ON CF NEUTRON STAR MAGNETI C FI ELDS

Bl BLI GCRAPHY



