
T H E C R A B N E B U L A 

https://doi.org/10.1017/S0074180900007841 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900007841


A 11 cm m a p of the C r a b N e b u l a superposed o n an opt ica l p h o t o g r a p h of the N e b u l a . 

(By courtesy of Dr.R.G. Conway and the Astronomical Journal.) 

https://doi.org/10.1017/S0074180900007841 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900007841


I N T E R N A T I O N A L A S T R O N O M I C A L U N I O N 

U N I O N A S T R O N O M I Q U E I N T E R N A T I O N A L E 

SYMPOSIUM No. 46 
H E L D AT J O D R E L L BANK, E N G L A N D , 

A U G U S T 5-7, 1970 

THE CRAB NEBULA 
E D I T E D BY 

R. D. D A V I E S A N D F. G. S M I T H 

Nuffield Radio Astronomy Laboratories, University of Manchester, U.K. 

D. R E I D E L P U B L I S H I N G C O M P A N Y 

D O R D R E C H T - H O L L A N D 

1971 

https://doi.org/10.1017/S0074180900007841 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900007841


Published on behalf of 
the International Astronomical Union 

by 
D. Reidel Publishing Company, Dordrecht, Holland 

All Rights Reserved 
Copyright © 1971 by the International Astronomical Union 

Library of Congress Catalog Card Number 73-154735 
ISBN 90 277 0183 0 

No part of this book may be reproduced in any form, by print, photoprint, microfilm, 
or any other means, without written permission from the publisher 

Printed in The Netherlands by D. Reidel, Dordrecht 

https://doi.org/10.1017/S0074180900007841 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900007841


T A B L E O F C O N T E N T S 

Preface, by A. C. B. Lovell 
Editors' Foreword 
The History of the Crab Nebula 
List of Participants 

S E S S I O N 1 / O B S E R V A T I O N S O F T H E C R A B N E B U L A 

1.1 Virginia Trimble 
1.2 Virginia Trimble 
1.3 J. E. Baldwin 

1.4 J. V. Jelley 

1.5 
1.6 

1.7 

1.8 

Edwin M. Kellogg 
R. Novick, 
J. R. P. Angel, and 
R. S. Wolff 
G. G. Fazio, 
H. F. Helmken, 
G. H. Rieke, and 
T. C. Weekes 
A. S. Wilson 

Optical Observations of the Crab Nebula 
Dynamics of the Crab Nebula 
The Electromagnetic Spectrum of the Crab 
Nebula 
Searches for y-Rays from the Crab Nebula and 
Its Pulsar 
X-Ray Observations of the Crab Nebula 
Upper Limit of the X-Ray Polarization of the 
Crab Nebula 

Recent Results on the Search for 10 
Gamma Rays from the Crab Nebula 

l i eV 

High Resolution Maps of the Crab Nebula at 
2700 MHz and 5000 MHz 

S E S S I O N 2 / O B S E R V A T I O N S O F T H E C R A B P U L S A R 

2.1 F . D . D r a k e 
2.2 Saul Rappaport 
2.3 Jerome Kristian 

2.4 Kenneth R. Lang 

2.5 J. M. Sutton, 
D. H. Staelin, and 
R. M. Price 

2.6 Carl Heiles and 
John M. Rankin 

2.7 Rudolf E. Schonhardt 

Radio Observations of the Crab Nebula Pulsar 
X-Ray Observations of N P 0532 
Optical Observations of the Crab Pulsar, and 
Searches for Other Optical Pulsars 
The Relation of the Low Frequency Source to 
the Crab Pulsar 
Individual Radio Pulses from N P 0531 

Pulsar NP 0532: Recent Results on Strong 
Pulses Obtained at Arecibo 
Radio Observations of the Crab Pulsar at 408, 
240 and 151 MHz 

https://doi.org/10.1017/S0074180900007841 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900007841


XII TABLE OF CONTENTS 

2.8 

2.9 
2.10 

2.11 

2.12 

2.13 

2.14 

2.15 
2.16 

2.17 

J. M. Rankin and 
J. A. Roberts 
R. N . Manchester 
P. E. Boynton, 
E. J. Groth, 
R. B. Partridge, and 
David T. Wilkinson 
J. A. Roberts and 
D. W. Richards 
D. Hegyi, 
R. Novick, and 
P. Thaddeus 
C. Papaliolios, 
N. P. Carleton, and 
P. Horowitz 
Jerry Nelson, 
Richard Hills, 
David Cudaback, and 
Joseph Wampler 
N. Visvanathan 
J. R. P. Angel 
D. Hegyi, and 
J. D. Landstreet 
G. Fazio, 
D. Hearn, 
H. Helmken, 
G. Rieke, 
T. Weekes, and 
F. Chaffe 

Time Variability of the Dispersion of the Crab 
Nebula Pulsar 114 
Faraday Rotation of the Crab Pulsar Radiation 118 
Timing of Optical Pulses from the Crab Nebula 
Pulsar 119 

Timing Observations of the Crab Nebula Pulsar 
at the Arecibo Observatory 125 
A Search for Variations in the Intensity of the 
Optical Pulses from N P 0532 129 

Results of Optical Timing Measurements of the 
Crab Nebula Pulsar 142 

Optical Timing of the Crab Nebula Pulsar 
N P 0532 (Abstract) 151 

Photometry and Polarimetry of the Crab Pulsar 152 
Measurement of the Circular Polarization of 
Pulsar N P 0532 157 

Search for Pulsed High Energy Gamma Radia
tion from N P 0532 160 

S E S S I O N 3 / O B S E R V A T I O N S O F O T H E R P U L S A R S 

3.1 M. I. Large The Galactic Population of Pulsars 165 
3.2 A. G. Lyne The Comparative Properties of the Pulsars 182 
3.3 Alan T. Moffet Polarization of Pulsars 195 
3.4 M. S. Ewing, Observations of Pulsar Spectra 200 

R. A. Batchelor, 
R. Friefeld, 
R. M. Price, and 
D. H. Staelin 

3.5 D. A. Graham Polarization Measurements of Other Pulsars at 
Jodrell Bank 206 

https://doi.org/10.1017/S0074180900007841 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900007841


TABLE OF CONTENTS XIII 

3.6 

3.7 

3.8 

3.9 
3.10 

3.11 

3.12 

R. N . Manchester 
D. W. Richards and 
J. A. Roberts 
M. M. Komesaroff, 
P. A. Hamilton, and 
J. G. Abies 
R. V. Willstrop 
P. Horowitz, 
C. Papaliolios, and 
N. P. Carleton 
J. D. Landstreet and 
J. R. P. Angel 
P. A. Feldman 

Crab Pulsar Radiation Characteristics 
Timing of the Pulsar N P 0527 

209 
211 

Interstellar Scattering and the Pulse from the 
Vela Pulsar 217 

Searches for Optical Pulsars 
Results of a Search for Visible Pulsars 

Magnetism in White Dwarfs 

Optical Pulsar in N G C 4254 (Summary) 

222 
229 

234 

237 

S E S S I O N 4 / R E L A T I O N O F C R A B N E B U L A T O 
O T H E R S U P E R N O V A R E M N A N T S 

4.1 R. Minkowski Comments on Supernova Remnants and Ancient 
Novae 241 

D. K. Milne Radio Emission from Supernova Remnants 248 
Sidney van den Bergh Cassiopeia A - the Youngest Known Galactic 

Supernova Remnant 263 
The Secular Behavior of X-Ray and Radio 
Emission from Supernova Remnants 268 
Pulsars and Close Binary Systems 273 

4.2 
4.3 

4.4 Wallace H. Tucker 

4.5 Virginia Trimble and 
Martin Rees 

S E S S I O N 5 / P H Y S I C S O F T H E C R A B N E B U L A 

5.1 F. D. Kahn Plasma Interactions in the Crab Nebula 281 
5.2 R. G. Conway Radio Polarization of the Crab Nebula 292 
5.3 D. B. Melrose Transfer of Energy to the Crab Nebula Following 

the Spin-Up of the Pulsar 296 
5.4 Kris Davidson and Radiative Ionization of the Filaments in the 

Wallace H. Tucker Crab Nebula 308 
5.5 D. F. Falla and Synchrotron Radiation in High Magnetic Fields 314 

A. Evans 

S E S S I O N 6 / P H Y S I C S O F T H E N E U T R O N S T A R 

6.1 A. G. W. Cameron Physics of the Neutron Star 323 
6.2 Jeffrey M. Cohen General Relativistic Theory of Rotating Neutron 

Stars - A Review 334 

https://doi.org/10.1017/S0074180900007841 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900007841


XIV TABLE OF CONTENTS 

6.3 G. Chanmugam and 
M. Gabriel 

6.4 S. Bonazzola and 
G. Maschio 

6.5 Sachiko Tsuruta 

6.6 M. R. McNaughton 
6.7 William A. Fowler 

6.8 F. Curtis Michel 
6.9 R. Ruffini 

6.10 J. Truemper 

Dynamical Stability of Neutron Stars 341 

Models of Rotating Neutron Stars in General 
Relativity 346 
The Effects of Nuclear Forces on the Maximum 
Mass Limit of Neutron Stars 352 
Nuclear Forces in High Density Matter 356 
Periodicity and Luminosity of the 'Pulsar ' Model 
of Quasars 364 
Multiple Pulsar Ejection in Supernova Events 378 
Emission of Gravitational Waves from the 
Pulsar (Summary) 382 
Young Pulsars - Pulsed Neutron Sources 384 

S E S S I O N 7 / E N E R G Y C O N S I D E R A T I O N S A N D 
T H E E L E C T R O D Y N A M I C L I N K B E T W E E N 

T H E P U L S A R A N D T H E N E B U L A 

7.1 L. Woltjer 

7.2 J. P. Ostriker 

7.3 F. Pacini 

7.4 M. J. Rees 

7.5 Hong-Yee Chiu 

Relationship between Pulsar and Nebula 389 
A Magnetic Dipole Model for the Crab Ex
plosion (Summary) 392 
Physical Processes and Parameters in the 
Magnetosphere of N P 0532 394 
The Non-Thermal Continuum from the Crab 
Nebula: the 'Synchro-Compton' Interpretation 407 
Maser Theory of Pulsar Radiation 414 

S E S S I O N 8 / R A D I A T I O N M E C H A N I S M S O F T H E P U L S A R 

8.1 F. G. Smith The Radiation Mechanism in Pulsars 431 
8.2 V. Radhakrishnan Pulsar Models and Radiation Properties 

(Summary) 441 
8.3 Bernard J. Eastlund Low Mode Coherent Synchrotron Radiation and 

Pulsar Models 443 
8.4 I. Lerche Radiation from Pulsars 449 
8.5 V. Canuto Radiation Beaming in Pulsars 455 
8.6 Stephen L. O'Dell Low-Frequency Cutoffs in Synchrotron Spectra 

and L. Sartori and the Optical Spectrum of N P 0532 457 
8.7 Bruno Coppi and Pulsar (and X-Star) Emission from the Magneto-

Attilio Ferrari sphere of a Collapsed Star 460 

https://doi.org/10.1017/S0074180900007841 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900007841



