


 



Bellingham, Washington  USA



 
 
 
 
Library of Congress Cataloging-in-Publication Data 
 
Tribute to Emil Wolf: science and engineering legacy of physical optics / [edited by] T.P. Jannson. 
 p.  cm. 
 Includes bibliographical references and index. 
 ISBN 0-8194-5441-9 
 1. Optics. 2. Coherence (Optics). 3. Wolf, Emil—Contributions in optics.  I. Wolf, Emil.  
 II. Jannson, Tomasz. III. Title. 

 
QC355.3.T75 2004                           

   535—dc22       2004018387 
                             

 
 
Published by 
 
SPIE—The International Society for Optical Engineering 
P.O. Box 10    
Bellingham, Washington  98227-0010 USA 
Phone: +1 360 676 3290 
Fax: +1 360 647 1445 
Email:  spie@spie.org 
Web:  http://spie.org 
 
 
Copyright © 2005 The Society of Photo-Optical Instrumentation Engineers 
 
All rights reserved. No part of this publication may be reproduced or distributed 
in any form or by any means without written permission of the publisher. 
 
The content of this book reflects the work and thought of the author(s).  
Every effort has been made to publish reliable and accurate information herein,  
but the publisher is not responsible for the validity of the information or for any  
outcomes resulting from reliance thereon.
 
Printed in the United States of America. 
 
SPIE Press gratefully acknowledges the generous contributions of the Army Research Lab, Army 
Research Office, Air Force Research Lab, Duke University, Physical Optics Corporation, 
Waveband Corporation, and Tomasz and Joanna Jannson for the publishing of this book. 
 
 

 
 
 
 
 
 

PDF ISBN: 9781510607897



CONTENTS

Preface / xiii
KMJ / xvii
List of Contributors / xix
Acknowledgments / xxiii

Chapter 1. Guide, Philosopher, and Friend / 1
Brian J. Thompson

1.1 Introduction / 1
1.2 Manchester 1955–1959 / 2
1.3 1958–1968 Various Locations / 18
1.4 The University of Rochester 1968 – / 20
1.5 Conclusion / 25

Acknowledgments / 26
References / 26

Chapter 2. Recollections of Max Born / 29
Emil Wolf

2.1 Introduction / 30
2.2 The Start of Collaboration / 32
2.3 Arrival at Edinburgh / 33
2.4 Work at Edinburgh / 34
2.5 Born’s Revered Teacher / 36
2.6 Resistance to New Discoveries / 38
2.7 Kind and Compassionate / 40
2.8 Life in Retirement / 44
2.9 Olivia / 46

Acknowledgments / 49
References / 49

Chapter 3. What Polarization of Light Is: The Contribution
of Emil Wolf / 51
Christian Brosseau

3.1 Introduction and Scope / 51
3.2 Basic Principles and Some Applications / 60
3.3 Additional Remarks and Future Directions / 86

Acknowledgments / 89

v



vi

References / 89
Emil Wolf’s Influence / 92

Chapter 4. Electromagnetic Theory of Optical Coherence / 95
Ari T. Friberg

4.1 Introduction / 95
4.2 Fundamental Scalar Results / 96
4.3 Electric Cross-Spectral Density Matrix / 98
4.4 Spectral Changes / 99
4.5 Degree of Polarization / 101
4.6 Coherence of Electromagnetic Fields / 104
4.7 Conclusions / 110

Acknowledgments / 110
References / 111

Chapter 5. Physical Optics at Physical Optics Corporation / 115
Tomasz P. Jannson

5.1 Introduction / 115
5.2 Non-Lambertian Diffusers Theory / 116
5.3 Non-Lambertian Diffusers Experiment / 127
5.4 Physical Radiometry at POC / 129
5.5 Optics and Imaging at POC / 133
5.6 Conclusions / 133

References / 134
Acknowledgments / 138

Chapter 6. Microscopic Origin of Spatial Coherence and Wolf Shifts / 141
Girish S. Agarwal

6.1 Introduction / 141
6.2 Microscopic Origin of Source Correlations / 143
6.3 Source Correlation-Induced Two-Photon Resonance / 145
6.4 Spatial Coherence and Emission in Presence of a Mirror / 145
6.5 Spatial Coherence-Induced Control of Nonlinear Generation / 146
6.6 Universality of Wolf Shift / 148
6.7 Fluctuating Pulses in a Dispersive Medium / 148
6.8 Conclusions / 149

References / 149

Chapter 7. Paradigm for a Wave Description of Optical Measurements / 153
Roland Winston, Robert G. Littlejohn, Yupin Sun, and K. A. Snail

7.1 Introduction / 153
7.2 The van Cittert-Zernike Theorem / 154
7.3 Measuring Radiance / 154



vii

7.4 Near-Field and Far-Field Limits / 158
7.5 A Wave Description of Measurement / 159
7.6 Focusing and the Instrument Operator / 160
7.7 Measurement by Focusing the Camera on the Source / 162
7.8 Experimental Test of Focusing / 163
7.9 Conclusion / 165

References / 166

Chapter 8. Millimeter Wave MMIC Hologram Beam Former / 169
Vladimir A. Manasson and Lev S. Sadovnik

8.1 Introduction / 169
8.2 Principles of Operation / 169

References / 174
Appendix. A Personal Perspective / 176

Chapter 9. Digital Holographic Microscopy / 179
Anthony J. Devaney and Pengyi Guo

9.1 Introduction / 179
9.2 Conventional Optical Microscopy / 180
9.3 Holographic Microscopy / 184
9.4 3D Microscopy / 192
9.5 Concluding Remarks / 195

References / 196
Wolf Anecdotes / 198

Chapter 10. Colored Shadows: Diffractive-Optical Cross-Correlations in the
Human Eye: the Missing Link between Physics and Psychology, Newton and
Goethe / 201
Norbert Lauinger

10.1 Introduction / 202
10.2 Diffractive-Optical Hardware of the Human Eye: The Basis for Spectral

Transformations, Cross-Correlations, and Adaptations in Color
Vision / 203

10.3 The Missing Links between Physics and Psychology in the Spectral
Domain / 209

10.4 Conclusions / 216
References / 217
My Encounters with Emil and Marlies Wolf / 218

Chapter 11. The Wolf Effect in Rough Surface Scattering / 223
Zu-Han Gu, Tamara A. Leskova, Alexei A. Maradudin, and Mikael Ciftan

11.1 Introduction / 223
11.2 Theoretical Study of Changes in the Spectrum of Light Scattered

from a Rough Dielectric Film on a Metallic Substrate / 225



viii

11.3 Experimental Studies of Spectral Changes in the Scattering of Light
from a Rough Dielectric Film on a Metallic Substrate / 238

11.4 Conclusions / 241
Acknowledgments / 241
References / 242

Chapter 12. Emil Wolf and Optics in the Czech Republic / 247
Jan Peřina
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PREFACE

In his classic text: “Principles of Optics,” written with Nobel laureate Max Born,
Emil Wolf laid the foundations of contemporary physical optics. By frequency of
citation, that book is one of the three most popular physics books. In the first
edition, published in 1959, Emil Wolf described the almost unknown concept of
spatial coherence before lasers were introduced. He was also the first to document in
a book a new concept: Gabor’s holography. The basic idea of publishing a modern
book on physical optics came from Max Born, but the fact that the closely related
concepts of spatial coherence and holography appeared so early in textbook form
had a formidable impact on science and physical optics engineering. At present
we can identify at least 250 companies and corporate divisions in the English-
language zone alone (U.S.A., Great Britain, Australia, and Canada), the origins
of which are easily traced to modern physical optics in general, and to the book
Principles of Optics in particular. Moreover, several multibillion dollar industries can
also be traced to this legacy, including liquid crystal and LED displays and screens,
screens for direct-projection and rear-projection TV, and many other advanced
illumination systems, sensors, and nonimaging optical devices.

This SPIE Press book pays tribute to Emil Wolf (see Fig. 1) for his pi-
oneering contributions to the science and engineering of physical optics. His
close friend, collaborator, and well-known authority on diffractive optics, Professor
Brian Thompson, refers to Alexander Pope’s “An Essay on Man” in characterizing
Emil Wolf ’s contributions. With the ever growing impact of Prof. Wolf ’s funda-
mental ideas on the nature of light, Pope’s famous epitaph for Newton comes to
mind:

Nature and Nature’s laws lay hid in Night:
God said, Let NEWTON be! And all was Light.

Even though his position that spatial coherence is critical to physical optics was
to some degree opposed by Max Born, it has, over the years, become a very pow-

xvii



xviii Preface

Figure 1 Emil Wolf and his wife Marlies at the SPIE Annual Meeting, August 2003,
San Diego, California.

erful concept in many areas of physical optics, some of which are presented herein.
These include diffraction optics, statistical optics, polarization of light, electromag-
netic theory of optical coherence, microscopic theory of spatial coherence, physical
radiometry (radiance), physical optics modeling of millimeter wave antennas, co-
herent optical microscopy, color vision, and Wolf ’s wavelength shift. Professor Jan
Pěrina reviews optics in the Czech Republic (then Czechloslovakia, where Prof.
Wolf was born). Others address coherence-based light scattering, new aspects of
the Sommerfeld half-plane problem as well as Young’s experiment, comparison
between Doppler and Wolf ’s shifts, phase and information, wave-optical engi-
neering, and holography and the inverse and scattering problems. Also discussed
here are controversial topics in contemporary optics, total-internal-reflection to-
mography, coherence-mode analysis, nano-optics, special problems in coherence,
and Newton-Goethe controversy.

All the chapters of this book are presented by major experts in the field (see
Fig. 2), many of them closely connected to Emil Wolf ’s University of Rochester
School of Optics. The ideas they express are their own, subject only to peer re-
view. The papers are part science and part memoir, but all are suffused with love
and admiration of Emil Wolf, and for his contributions to science and engineer-
ing.



Preface xix

Figure 2(a) Some attendees at SPIE AM 100 Conference, Tribute to Emil Wolf, En-
gineering Legacy of Physical Optics.

Figure 2(b) Silhouettes of attendees from Fig. 2(a): (1) Frank Wyrowski,
Friedrick-Schiller, Univ. of Jena, Germany; (2) Gajendra Savant, Physical Optics Corp.,
Torrance, CA; (3) Sharon Peet, Physical Optics Corp.; (4) John Foley, Mississippi
State Univ.; (5) Ari Friberg, Royal Inst. of Technology, Sweden; (6) Aristide Doga-
riu, CREOL, Univ. of Florida; (7) Chrysostomos L. Nikias, Univ. of Southern Calif.;
(8) Nitin Savant, Physical Optics Corp.; (9) Tomasz Jannson, Physical Optics Corp.;
(10) Joseph Kunc, Univ. of Southern Calif.; (11) Kristina M. Johnson, Duke Univ.;
(12) Kurt Oughstun, Univ. of Vermont; (13) Marlies Wolf, Emil’s wife; (14) James
Bilbro, SPIE 2004 President, and NASA Marshall Space Center; (15) David Fischer,
NASA Glenn Research Ctr.; (16) Emil Wolf, Univ. of Rochester; (17) Riccardo Borghi,
Univ. di Roma Tre, Italy; (18) Christian Brosseau, Univ. de Bretagne Occidentale,
France; (19) Taco Visser, Free Univ. Netherlands; (20) Petr Smid, Palacky Univ.,
The Czech Republic; (21) Anya van der Meulen-Visser, Taco’s wife; (22) Pavel Hor-
wath, Palacky Univ., The Czech Republic; (23) Mikael Ciftan, Army Res. Center;
(24) G.S. Agarwal, Physical Research Lab., India; (25) Mark Bennahmias, Physical Op-
tics Corp.; (26) Zu-Han Gu, Surface Optics, San Diego, CA.



xx Preface

This book is based on the authors’ presentations at SPIE Conference AM100:
Tribute to Emil Wolf: Engineering Legacy of Physical Optics, T.P. Jannson, Chair,
at the SPIE Annual Meeting in August 2003 in San Diego, California. Most
chapters in this book are extended versions of those conference presentations.

Tomasz P. Jannson
James C. Wyant
James W. Bilbro
September, 2004
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August 2004

Dear Emil,

It was an honor and a pleasure to be part of the Society of Photo-Instrumentation
Engineers Annual Meeting Tribute to Emil Wolf: Engineering Legacy of Physical
Optics, recognizing your seminal contributions to this field. Your energy, enthusi-
asm, and passion for optics and life have inspired generations of students, including
myself and fellow graduate students at Stanford, University of Colorado, and now
Duke University.

I recall the first time we met. It was in Cuernavaca, Mexico where many of the
luminaries in the field gathered in February of 1981 to enjoy lively discussions on
all aspects of physical optics, as well as the good weather. There were only a handful
of students at the meeting, and we were a bit intimidated by the stellar participants.
Always a teacher, coach and mentor, you and Marlies took us under your wings
and spent most of the week with us. That serendipitous meeting started a lifelong
friendship that means the world to me.

Our tradition of swimming at 7:00 a.m. before optics meetings started in the
freezing waters in Mexico. We continued to swim in Tucson at the 1982 OSA
meeting, where you and Marlies met my mother, establishing another friendship

Marlies Wolf, Kristina Johnson, and Emil Wolf at SPIE’s Annual Meeting 2003.
(Courtesy of Valerian Tatarskii, copyright 2003.)
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xxiv Duke University

Kristina Johnson and Emil Wolf, 2003.

that lasted until her death in 1999. We swam in New Orleans (1983), Rochester
(with Bailey’s Irish Cream, 1985), and in San Diego (2003).

You showed me how to build community within the academy. When I became
an assistant professor of electrical engineering at the University of Colorado, you
invited me to give a talk at Rochester on May 2, 1990. You and Marlies hosted
a dinner party for me and other participants of the Cuernavaca meeting, includ-
ing Profs. Nicholas George and Brian Thompson. We had a fabulous evening of
interesting conversation, good food, and great friends. And, of course, we swam.

Emil, you taught me about mutual coherence theory, the “Wolf Shift,” and how
to be a leader in the field. And, like my advisor, Joseph Goodman at Stanford, you
taught me that great men of optics are simply great men.

I look forward to your visit to Duke University this fall and to your lecture in
our Fitzpatrick Center distinguished speaker series. We will again enjoy eating and
thinking. Bring your swimsuit.

With my love, respect, and admiration,

Kristina M. Johnson
Professor and Dean




