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1 A colleague’s appreciation: Roger Loring, Cornell
University

As is customary in university departments, the doors of
faculty offices in Cornell’s Department of Chemistry and
Chemical Biology indicate the name of the occupant.
One of these doors, however, differs from the rest, lack-
ing a name and decorated only with a small photograph
of Rodin’s Le Penseur. New arrivals to the department,
from first-year undergraduates to faculty, soon learn that a
thinker can indeed be found within.

Marking Greg Ezra’s 60th birthday is also an occasion to
recognize that half of that span has been spent at Cornell.
Academic generations of undergraduate and graduate stu-
dents have appreciated the clarity and rigor of his lectures,
to say nothing of the preternaturally neat handwriting on
the blackboard. A recent A. B. in chemistry who received
an academic award wrote a letter of thanks to the benefac-
tor who had endowed the prize. She chose to illustrate a
high point of her undergraduate education with a drawing
of Greg Ezra at the blackboard placing a “hat” on a let-
ter H. The intellectual incisiveness admired by students is
highly valued by Greg’s departmental colleagues in settings
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varying from informal consultations and formal research
presentations to committee and faculty meetings. His Cor-
nell colleagues are delighted to join with former and pre-
sent collaborators, with contributors to this Festschrift, and
with theoretical chemists generally in celebrating Greg
Ezra’s accomplishments and contributions to the field and
community.

2 A collaborator’s appreciation: Stephen Wiggins,
University of Bristol

I have known Greg Ezra for some time, but we have only
been seriously collaborating together for the past 7 years
or so. I began graduate school at Cornell in 1983 and Greg
had already been there for a year as an assistant professor of
chemistry. He had recently taken on his first students (Larry
Fried and Craig Martens, who have both contributed to this
Festschrift). In those days, Cornell was one of the world’s
hot spots for the development of nonlinear dynamics from
the theoretical, applied, and experimental perspectives.
There was a sense of something new happening. Gucken-
heimer and Holmes had just been published and Phil Hol-
mes was teaching his first course from that book, John Hub-
bard was teaching ordinary differential equations from V.
I Arnold’s advanced ordinary differential equations book,
Eric Siggia was teaching mechanics from V. 1. Arnold’s
classical mechanics book, and Michael Fisher was lecturing
on renormalization group theory. It was a time when every-
body went to everybody’s seminars, and I saw Greg at many
of these seminars, discussing with his students. It seems to
me that the Cornell environment had a significant influence
on the development of Greg’s research career in subsequent
years. But it did not work out to be the right time for us to
begin any type of collaboration since we both had more
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pressing concerns (he had to get tenure, and I had to pass
qualifying exams). Even though we both went our separate
ways, I continued to follow Greg’s work over the years, and
for reasons, I cannot remember, I sent him an e-mail in 2008
asking some question (that I also cannot remember). This
was the start of a very rewarding collaboration that probably
could not have happened earlier because I had to develop
the type of mathematics that I was doing to a point where it
might actually provide useful insight for a problem in chem-
istry, and I also needed to develop a common language so
that I could benefit from his extensive knowledge. This took
about 15 years, but it eventually got there.

Working with Greg is the ideal model of what someone
would term an interdisciplinary collaboration (although I am
not sure either of us have thought of it in that way). I have
learned an incredible amount from working with him, and not
just about chemistry. His encyclopedic knowledge of classical
and quantum mechanics has greatly enriched our work. (It is
a running joke now when we write papers that Greg must be
falling down on the job if there are less than 100 cited ref-
erences). When you work with Greg on a project, you will
know what you can, and cannot, understand, about the project
when it is completed. He is uncompromising and rigorous in
his approach to research, and I have appreciated, admired,
and benefited from that greatly. But there are aspects to
Greg’s scholarship that are probably not so well known.
Greg is a very serious scholar of the best of twentieth cen-
tury music (and he can also convince you that vinyl provides
a superior listening experience). For example, he can explain
in detail the evolution of the drumming style of Ginger Baker,
and he has a deep knowledge of the influence of American
blues music on the great British rock music of the 1960’s.

I am sorry that I did not get to know Greg during my
days as a graduate student. But everything has its time, and
I feel fortunate that I now have this collaboration, and I
wish Greg the best for the next 60 years.

3 A former postdoc’s appreciation: Srihari
Keshavamurthy, IIT Kanpur

I had the honor of joining Greg Ezra as a fresh postdoc in
the winter of 1995. In fact, having met and discussed briefly
with Greg on semiclassics in the 1993 Seattle APS meet-
ing, I was convinced that Greg was the person I wanted to
work for my postdoc. I have not regretted that decision!
Coming from Berkeley, the recent snowstorm in Ithaca was
quite an experience for me. I had to meet Greg at his office
in the morning and did so by trudging through snow from
the motel to Baker laboratories. Two things that I remem-
ber from this first meeting—first, I was the only occupant
of that part of Baker laboratory and second, Greg had
already prepared a list of papers concerned with dynamical
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tunneling. Greg told me that he would like to understand
dynamical tunneling and its influence on molecular spec-
tra and asked me to analyze the highly excited vibrational
states of an effective Hamiltonian for water. I remember
being immersed in calculating surfaces of sections, com-
puting resonance zones and widths and looking at hundreds
of vibrational eigenstates. Interestingly, and thankfully,
Greg let me pursue my line of thoughts on the dynamical
assignment problem. At the same time, through numerous
discussions and gracefully tolerating many of my grandiose
ideas, Greg passed on to me his immense knowledge and
deep insights into the phenomenon of intramolecular vibra-
tional energy redistribution. I was amazed by Greg’s abil-
ity to point out a relevant paper irrespective of when it was
published—sometimes a hard copy would emerge from one
of the stacks on his desk. Equally striking was the fact that
he had not only read these papers through, but also had a
firm grasp of the limitations of the approach used in these
works. This was an important and a very valuable lesson
for me and, for that matter, any honest academician. For
those who have had the pleasure of reading Greg’s papers,
it is a bit unnerving to realize that he has most probably
read every one of the hundreds of cited references.

An event that occurred within a few months of my coming
to Ithaca has left a lasting impression on me in terms of my
current research interests. Greg asked me to attend a NATO
ASI workshop on Hamiltonian systems with three or more
degrees of freedom in June 1995 held in S’ Agaro, Spain. This
was a one of a kind meeting and a heady one for a young
person with people like Arnold, Moser, and Sinai being there.
Attending this workshop exposed me to the great beauty of
nonlinear dynamics and the challenges of applying them to
molecular Hamiltonians—I am yet to recover from this meet-
ing! But then, the challenges remain and it is a great pleas-
ure to see Greg’s recent works that take a step closer toward
meeting these challenges. In any case, I am forever indebted
to Greg for providing me with this unique opportunity.

My own research has benefited immensely from the
beautiful insights into classical-quantum correspondence
that have come from Greg’s work over the years. Perhaps,
to a small extent, I have imbibed even some of his writing
skills—to quote Samuel Johnson ‘language is the dress of
thought.” A colleague read a preprint of mine and remarked
that “It is a very scholarly piece of work. There is a Greg
Ezra style infused in your work. This is good.” I take that as
a high compliment.

4 A former graduate student’s appreciation: Craig
Martens, University of California, Irvine

During the summer of 1982, I traveled from Nebraska to
Ithaca, NY to begin my graduate studies in chemistry at
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Cornell University. I was drawn to that beautiful campus by
its long history of being a home to luminaries of science—
from Debye and Feynman to the newly minted Nobel Lau-
reate Roald Hoffmann and the television star Carl Sagan—
but it was another newcomer that would end up changing
the course of my life. This was Greg Ezra, a new assistant
professor with a small (and already cluttered) office and a
cavernous laboratory equipped with an antique glove box
and a single computer terminal. I remember that first talk in
Greg’s office about his research. Compact and quiet, with
an unruly mop of black hair, Greg stood at the blackboard
sketching invariant tori and writing equations with his neat
handwriting, his eyes bright and intense. I was hooked.

And so began the graduate education of a theoretical
chemist. At the time, I did not fully appreciate how special
that education was to be. Greg the thesis advisor was not
one to give orders or lecture pedantically to his students,
and would not dream of being so presumptuous as to com-
ment on ones work habits. Rather, he led by example. A
consummate scholar, Greg seemed to have already read
(and photocopied) everything. It was rare to visit Greg’s
office without him recalling a relevant article and extract-
ing it, miraculously, from the center of one of the tall piles
of papers that fought for space on every level surface. Greg
was embarking on a new research direction, combining
semiclassical mechanics with nonlinear dynamics, and was
more concerned about learning this new field than about
showing off what he knew. He encouraged a continual
commitment to intellectual development by attending semi-
nars and reading literature, and made it possible for his stu-
dents to attend conferences and workshops. He would even
go with us to sit in on classes in other departments. And
although he did not have a big ego, he set high standards.
Greg demanded rigor in science and scholarship, but also
for usage of the English language. Writing papers with him
was an intense process, sometimes requiring a trip to his
office to consult his immense copy of the Oxford Diction-
ary to determine the fate of a single word.

There were a few things that Greg did not teach his
students. Things like overselling your work, ignoring or
minimizing previous contributions by others, cranking out
numerous mediocre publications, navigating the meta-sci-
entific waters of politics and fashion, and the tireless pur-
suit of credit and citation. To Greg, the scientists life is one
driven by a passion to appreciate the beautiful whole that
emerges by seeing the connections between ideas—yours
and those of a community of scholars. He taught by exam-
ple the ideals of hard work, intellectual and personal hon-
esty, optimism, generous sharing of credit with others, and
the final authority of the truth and beauty of natural law.
I have become older and wiser since leaving Ithaca. But
the essential principles and practices that set the high bar
I believe a scientist should strive for are things I picked up

(and hopefully have not misplaced) long ago from Greg
Ezra.

5 Greg Ezra: Scientific autobiography

Ed é subito sera '

Ognuno sta solo cuor della terra
traffito da un raggio di sole:
ed é subito sera

Salvatore Quasimodo (1901-1968)
5.1 Beginnings

I was born and raised in northwest London. A bookish and
intellectually precocious child, I early on developed the
habit of amassing and organizing large amounts of data
and information in order to write my own ‘encyclopedias’;
some of my coworkers will perhaps recognize this trait!

Throughout the course of my education in the UK, I
was extremely fortunate to have benefitted from the state
run system in place at the time that recognized ability and
aptitude in children of modest backgrounds, and facili-
tated their passage to academically excellent schools. So,
I passed from Braintcroft Primary in Neasden to Merchant
Taylors’ (alma mater of, among others, Edmund Spenser,
Clive of India and Boris Karloff) to St. John’s college,
Oxford, as a Thomas White Scholar. At Merchant Taylors’,
I received much support and encouragement from several
inspiring teachers; in particular, John Dishman and Andy
Edge (chemistry), and Alan Whitney (art).

5.2 Apprenticeship

I studied chemistry at Oxford, with equal time devoted to
Organic, Inorganic and Physical branches. It became clear
early on that I was not cut out to be an experimentalist
(despite having a strong interest in synthetic organic chem-
istry in high school), and so, it was necessary to pick up
the mathematics and physics necessary for deeper study of
theory on my own initiative.

A first encounter with transition state theory as an
undergraduate set the stage for decades of interest in this
fascinating topic: After I complained to my tutor that the
theory made absolutely no sense (What, precisely, were
the assumptions involved? Where, exactly, had the dynam-
ics gone?), it was suggested that I write a research paper
to clarify my misgivings on the subject! At this point, the

! And suddenly it’s evening Everyone stands alone at the heart of the
world, pierced by a ray of sunlight: and suddenly it’s evening Salva-
tore Quasimodo (1901-1968)
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seminal papers of Pechukas and Pollak on periodic orbit
dividing surfaces, etc, had not appeared, and I had yet to
read Wigner’s remarkably lucid treatment of the topic.

Peter Atkins had a profound influence on my intellectual
direction through both his textbooks and lectures on quan-
tum mechanics. I therefore joined Peter’s research group
for my part II (a thesis on multiphoton processes, leading
to a lifelong interest in angular momentum and symmetry)
and my Ph.D. thesis.

As a Senior Scholar at Christ Church, Oxford, I had the
freedom to chart my own course as a graduate student. My
research direction was set after I heard an inspiring talk by
Brian Sutcliffe on the properties of the Eckart frame (used
to separate molecular vibration from rotation), in particular
the connection with molecular symmetry properties. This
talk was based both on Brian’s own work and on the then-
recent review by Louck and Galbraith. Already familiar
with the Eckart-Sayvetz frame, which generalizes the Eck-
art frame to non-rigid molecules, I resolved to carry out the
same kind of analysis for non-rigid systems. (I was unaware
that very similar work was being undertaken by Natanson
and Adamov in the Soviet Union at about the same time).
Extensive use was made of the theory of induced represen-
tations, which I learned from the book of Simon Altmann
and the papers and lectures of Harald Fritzer. This work
formed the basis for my D. Phil. thesis, and for my con-
tinuing interest in the subtleties associated with use of the
Eckart condition and with vibration-rotation interaction
generally. The puzzling (to me, at the time) observations of
Meyer and Giinthard on the non-integrability of the condi-
tions for removal of rotation-vibration coupling and many
other outstanding problems besides were eventually beauti-
fully elucidated by the seminal work of Guichardet, Iwai,
Tachibana and Littlejohn on holonomy in the RV problem.

I had the good fortune to meet Steve Berry during one of
his visits to Oxford and went to Chicago to work with Steve
as a NATO Postdoc. At Chicago, I worked on a number of
projects related to the properties of “floppy molecules”
which, following the seminal work of Kellman and Her-
rick, included the doubly excited Helium atom! While at
Chicago I learned how to program a trajectory integration
algorithm, and so began to explore the classical mechan-
ics of the Helium atom. Influenced by the work of Percival
and others on semiclassical quantization of vibrational lev-
els, my (very niive) plan was to find invariant tori in the
Helium atom phase space, and hence obtain quantized lev-
els for 2-electron systems. I very quickly discovered that
any randomly selected non-symmetric Helium atom tra-
jectory will apparently autoionize with probability one (!),
and that singular Coulomb potentials require application of
special but well-established regularization techniques. So,
began a long-term interest in the classical and semiclassical
mechanics of few-body Coulomb systems, which was to
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culminate in a few years in the semiclassical quantization
of the He atom.

5.3 Vocation

After Chicago, the plan was to return to an academic post
in the UK, but the situation in the job market dictated oth-
erwise. I interviewed for a faculty position at a number of
US universities, and was offered a job at Cornell, located
somewhere in upstate NY in a place called Ithaca. There I
have been ever since.

My research at Cornell has covered many aspects of
the few-body problem in chemistry and physics. In broad
terms, I have been interested in the role of symmetry in
physical problems, in classical, semiclassical and quan-
tum approaches to atomic and molecular systems, and in
geometrical aspects of Hamiltonian and non-Hamiltonian
dynamics.

I have been fortunate to have had a number of talented
and creative students and postdocs over the years, several
of whom have gone on to distinguished careers in research.
I count myself particularly lucky that my first graduate stu-
dents were Craig Martens and Larry Fried, both of whom
worked on problems in semiclassical mechanics. Craig’s
work on the Fourier quantization of quasiperiodic trajec-
tories in multidimensional systems led us to inquire what
power spectra looked like for finite time segments of non-
regular trajectories; the resulting method of ‘Local Fre-
quency analysis’ (a collaborative effort with Mike Davis)
has been developed and applied to a number of physi-
cal problems since by many others since. Larry’s work
focussed on the use of Lie-transform perturbation theory
to derive simplified Hamiltonians for molecular vibrational
problems, in the spirit of earlier work of Swimm-Delos-
Jaffé-Shirts-Reinhardt; this work led to an interest in the
symplectic geometry of phase space which has informed
much of my work since.

A turning point in the Helium atom problem came when
I attended a Cornell seminar given by Robert Devaney, who
talked about the application of the McGehee ‘blow-up’
technique to the analysis of the dynamics of the anisotropic
Kepler problem. (Steve Wiggins, then a graduate student at
Cornell, was also at this very memorable talk.) I was aware
that Gutzwiller’s periodic orbit quantization technique had
been applied to the anisotropic Kepler problem, which was
conjectured to be completely chaotic, but was unfamiliar
with the various blow-up and regularization techniques
used in celestial mechanics. Regularization of pairwise col-
lisions would facilitate numerical integration of He atom
trajectories, while analysis of the triple collision manifold
would perhaps provide the basis for application of some
kind of symbolic dynamics. Numerical work on a (suit-
ably regularized) collinear model for the classical He atom
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showed that these approaches worked well and suggested
that the system might be completely chaotic, with unstable
periodic orbits coded by a complete binary code. My stu-
dent Jong-Hyun Kim carried out extensive computations of
doubly excited resonances in the collinear model, so that
by applying the Gutwiller trace formula ‘in reverse, we
were able to use the scaled quantum levels to extract infor-
mation on the nature of the classical periodic orbits con-
tributing to the quantized level structure. Our results defini-
tively showed that it is the ‘antisymmetric stretch’ po, not
the ‘symmetric stretch’ po, as had previously been thought,
that is the most important po associated with the manifold
of n = n’ doubly excited states. The symmetric stretch orbit
is in a sense infinitely unstable, and hence does not contrib-
ute to the semiclassical spectrum, although it serves as the
basis for organizing the classical phase space structure.

These results were presented at the 1990 Trieste confer-
ence on Quantum Chaos and published in the proceedings.
(A short paper describing these findings was rejected by
Physical Review Letters; a full account is given in Kim’s
unpublished doctoral thesis.) At the Trieste meeting, [ was
fortunate to meet the late Dieter Wintgen and his students
Grigor Tanner and Klaus Richter, who were working on the
same problem. They had been using similar techniques to
analyze the classical dynamics of He, and I ended up as a
co-author on a short paper describing the application of the
cycle-expansion technique to the more difficult problem of
forward quantization of the He. While this work overturned
textbook dogma about the inapplicability of semiclassical
quantization to the 2-electron problem, it of course relied
on more than a half century of development of semiclas-
sics and classical dynamics! It is also true to say that many
aspects of the phase space structure of the 3D He atom
remain to be understood.

The problem of comprehending dynamics in multi-
dimensional systems (that is, those with N > 3 degrees of
freedom) has been a central theme of my research. In 1991,
Richard Gillilan and I published a study of dividing sur-
faces and ‘turnstiles’ in a 4D model of a van der Waals com-
plex dissociation reaction (as a symplectic mapping). One
surprise was the possibility of the non-existence of turn-
stiles (phase space structures mediating passage between
bound and unbound regions) in higher dimensions. This
work was inspired by a seminal paper of Steve Wiggins on
Normally Hyperbolic Invariant Manifolds (NHIMs), which
has provided the foundation for much subsequent research
in the field.

Another noteworthy excursion into higher dimensional
phase space was the study of the Baggot Hamiltonian for
the water molecule, carried out in collaboration with Sri-
hari Keshavamurthy.

In the past few years, I have enjoyed a very stimulating
and productive collaboration with Steve Wiggins, who is

in the Mathematics department at Bristol University, and
other members of the ‘Bristol group’. We have worked on
a number of topics, such as thermostats, higher-index sad-
dles, transition state theory and the gap time formalism, the
roaming mechanism, and non-statisticality on organic reac-
tion mechanisms. A major theme of this work is the impor-
tant role played by NHIMs and related phase space struc-
tures in reaction dynamics, long emphasized by Wiggins,
and the importance of adopting a phase space perspective
for understanding mechanisms and non-statisticality in
general. I am particularly pleased to be currently working
on the theory of the dynamics of organic reactions with my
former Cornell colleague Barry Carpenter, now at Cardiff
University, and on roaming dynamics with Stavros Faran-
tos (Iraklion, Greece), whose work on periodic orbit theory
I have followed for a long time.

Space does not allow full discussion of the various other
projects and topics of interest we have investigated over the
years: non-adiabatic dynamics; dynamics of ion-molecule
reactions; rotation—vibration interactions; semiclassics for
singular potentials; periodic orbit analysis of vibrational
spectra; semiclassical theory of nonlinear response func-
tions; geometrical approach to non-Hamiltonian (thermo-
stat) dynamics; quantum monodromy in molecular rotors.

5.4 Avocation

When not teaching or researching, I can often be found
playing and performing music as a drummer-percussionist,
pursuing anew a youthful interest in the percussive arts.
I enjoy playing in a variety of genres such as blues, folk-
rock, Middle Eastern and Klezmer music. Making live
music in real time with real people is to me a perfect anti-
dote to the alienating and (dis)connected nature of our digi-
tal world.

5.5 Sine qua non

The Cornell Chemistry (now Chemistry and Chemical
Biology) department is an extraordinary place, and I am
singularly fortunate to have been able to spend my career
as an independent scientist there. Inhabited by titans such
as (the late) Andy Albrecht, Michael Fisher, Jack Freed,
Roald Hoffmann, Harold Scheraga, and Ben Widom (to
name but a few), and dynamic younger theorists Nandini
Ananth, Garnet Chan (now at Princeton), and Roger Lor-
ing, it is a uniquely collegial and friendly department. Most
important, the department as a whole has a genuine and
unwavering commitment to the highest standards of intel-
lectual rigor and scholarship, regardless of research fads or
fashions, and to quality teaching. It is a wonderfully sup-
portive environment in which to pursue research on funda-
mental problems in chemical physics.
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I offer my sincere gratitude to all my coworkers past
and present for their inspiration and efforts, and especially
those friends, colleagues, and collaborators (by no means
mutually exclusive categories!) who have contributed their
excellent papers to this special issue of TCA. Particular
thanks are due to Srihari Keshavamurthy and Steve Wig-
gins for devoting their time and energy to organizing this
Fest. It is indeed humbling to be honored in this way.

Finally, I can hardly begin to thank my wife Sally for
many years of support and companionship and for her
loving forebearance toward an often-distracted thinker of
‘deep thoughts’, and our daughters Rachel and Ruth for
having enriched our lives immeasurably.
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