
THE INFLUENCE OF PULSARS 
ON SUPERNOVA REMNANTS 

A THESIS 

SUBMITTED FOR THE DEGREE OF 

,@tior of qljiloenphp 
IN THE FACULTY OF SCIENCE 

BY 
DIPANKAR BHATTACHARYA 

Department of Physics 
INDIAN INSTITUTE OF SCIENCE 

Bangalore-560 012 
AUGUST 1987 



DECLARATION 

I hereby declare that the work presented in this 

thesis is entirely original, and has been carried 

out by me at the Raman Research Institute under the 

auspices of the Joint Astronomy Programme of the 

Department of .Physics, Indian Institute of Science. 

I further declare that this has not formed the basis 

for the award of any degree, diploma, membership, 

associateship or similar title of any University or 

Institution. 

++ h-dv 

Department of Physics 
Indian Institute of Science 
Bangalore 560012 
INDIA 

Dipankar Bhattacharya 

241Abtd"s+ 1767 



ACKNOWLEDGEMENTS 

It is a great pleasure to thank Prof. G. Srinivasan, my 

thesis supervisor, for his constant help and guidance at all 

stages of this work, including the preparation of the thesis. 

Working with him has been a wonderful experience which I shall 

remember for a long time. He has been to me at the same time 

s teacher, an advisor and a friend. I am deeply indebted to 

him for teaching me the ways and means of scientific research, 

and for the encouragement and the moral and material support 

he has given me on many difficult occasions. 

The work presented here has been carried out at the Raman 

Research Institute under the Joint Astronomy Programme of the 

Indian Institute of Science. My thanks are due to both these 

Institutes for providing me such an excellent research 

opportunity. I have greatly benefited from the lecture 

courses in the Joint Astronomy Programme, and I wish to thank 

all the lecturers for having taught us Astronomy so well. 

I thank Prof. N. Kumar for the interest he has maintained 

in my work in spite of it being far from the area of his own 

research. 

I thank Prof. V. Radhakrishnan for the many stimulating 

discussions I have had with him. I am grateful to him for his 

valuable comments on a draft of this thesis. 



I would like to thank all members of the Astrophysics 

Group at the Raman Research Institute for providing an 

enjoyable and friendly atmosphere. Everyone has been most 

willing to discuss and sort out the difficulties I encountered 

at different stages of my work. I am particularly qrateful to 

Dr. Rajaram Nityananda and Dr. C. S. Shukre for readily 

resolving many doubts, and suggestins new ways of lookinq at 

the problems at hand. I am thankful to K. R. Anantharamaiah, 

K. S. Dwarakanath and C. S. Shukre for the valuable 

collaborations I have had with them. 

During the course 'of this work I have benefited by 

discussions with many people from different Institutes and 

Observatories. I would like to take this opportunity to thank 

them all. and in particular Drs. M. A. Alpar, G. S. 

Bisnovatyi-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. Weiler and L. Woltjer for illuminatinq 

conversations and helpful criticisms. 

The excellent Library of the Raman Research Institute has 

been an invaluable support for my research work. It is a 

pleasure to thank Mr. A. Ratnakar and other members of the 

Library staff for their help and cooperation. 

I would like to thank P. A. Johnson. S. Krishna, B. V. 

Nataraj, Ganeshan Radhakrishnan and Jayanthi Ramachandran for 

providing prompt computational help whenever I needed it. 



tly sincere thanks are due to Ms. Moksha Halesh for quick 

and accurate typing of the thesis, to Mr. Raju Verghese for 

the preparation of the drawings, and to Mr. Ramachandra Rao 

for photography. I am grateful to Mr. Ratnakar and Mr. 

Hanumappa for their help and care in making copies of the 

thesis. 

I would like to thank all my friends and colleagues at 

the Indian Institute of Science and at the Raman Research 

Institute who have been helpful in many ways during my stay in 

Bangalore. A special word of thanks to K. S. Dwarakanath, 

Subhash N. Karbelkar and Lakshmi Saripalli for the good 

company and the generous help they have provided through many 

years. 

I am most grateful to my parents who have always been a 

source of inspiration. Without their understanding and 

unfailing encouragement this work would never have been 

possible. 

Financial support during this work has been provided by 

the Indian Institute of Science, Bangalore and the National 

Council of Educational Research and Training, New Delhi. 



CONTENTS 

CHAPTER 1 : THE SCOPE AND THE OUTLINE OF THE THESIS 

CHAPTER 2 : THE ASSOCIATION BEIWEEN PULSARS AND SUPERNOVA 
REMNANTS 

CHAPTER 3 : ON THE ORIGIN OF PULSAR MAGNETIC FIELDS 
Fossil Fields vs. Field Growth after birth 

CHAPTER 4 : MAGNETIC TORQUES AND THE ORIGIN OF SLOW PULSARS 

CHAPTER 5 : THE EVOLUTION OF THE MORPHOLOGY AND SURFACE 
BRIGHTNESS OF SUPERNOVA REMNANTS WITH PULSARS IN 
THEM 

CHAPTER 6 : THE EVOLUTION OF SUPERNOVA REMNANTS IN STELLAR 
WIND BUBBLES 

CHAPTER 7 : RADIO SUPERNOVAE AND THEIR FUTURE EVOLUTION 

CHAPTER 8 : INFLUENCE OF PULSARS ON SUPERNOVAE 

CHAPTER 9 : SECULAR EVOLUTION OF NEUTRON STAR MAGNETIC FIELDS 

BIBLIOGRAPHY 


