
Subatomic Theory: CWRU 1962-1971∗

Kenneth L. Kowalski
Department of Physics

Case Western Reserve University
Cleveland, Ohio 44106

July 22, 2018

Abstract

This memoir is a recollection of a talk, and the elaboration of the
background for it, that I gave at the FoldyFest : A CWRU Symposium
in Celebration of the 80th Birthday of Leslie Foldy, April 29, 2000.
It is now placed within the much wider context of the activities over
a 9-year period from 1962 to 1971 of the Case Institute of Technol-
ogy nuclear and particle theory group that was bound together by a
broad AEC contract, along with comments on the consequences of the
merger in 1966 with the Western Reserve University Department.

Within this larger landscape, I describe, together with Foldy’s
contributions, the equally important roles played by Roy Thaler and
William Tobocman, as well as the influence of Fred Reines and oth-
ers. The depiction of the flows of people into and from the combined
CWRU subatomic group is used to delineate the myriad currents of
activity within the broad categories of nuclear and particle physics and
associated work in S-matrix, collision, and quantum-field theories.

The present document is a corrected version of a manuscript com-
pleted 02/27/18.

∗ c©Kenneth L. Kowalski 2018
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1 Introduction

The stimulus to re-visit an old presentation [1] of dubious value was my
accidental discovery in early fall 2015 of a listing of Gerard ’t Hooft’s talk
on the same occasion [2]. This inspired me to cite my own talk in my CV
for the first time. I then went on to recall the main time period that I had
covered and realized that the same title with the same pun is still accurate
in a broader sense, a coincidence that has not gone unnoticed [3].

Unlike most of the esteemed speakers on the program, cf. Appendix, my
presentation on that Saturday morning was based on my personal remem-
brances of my encounters with Les Foldy during a space of time, henceforth
referred to as the Period, beginning with my visit to Case Institute of Tech-
nology in early 1962 to interview for a postdoc job, on through to until the
middle of 1971. My description of this time builds on the excellent mate-
rial in Chapter 13 of William Fickinger’s book [4] by describing my personal
experiences and offering opinions as to their significance.

Shortly after the Period, our group AEC nuclear and particle theory con-
tract evaporated and the NSF stepped in with new awards for some subsets
of the original people. Les then went his own way in regard to both funding
and interests. In between, CIT and Western Reserve University federated in
1967 to become CWRU and I spent the following academic year on leave in
Leuven [5].

My first brief spurt of work on this memoir stopped in October 2015
leading to a nearly two-year interregnum. The inspiration to return was
the re-naming of the Miller Conference Room in the newer portion of the
Rockefeller building in 2017 in honor of Foldy. Even though room 221 was
tied to Miller by a portrait of him that hung on the north wall from time
immemorial, I was never fond of this designation for a number of reasons
including my habit of bumping my head on the frame of that painting when
I had a side seat in the room. On the other hand, most of my scientific
interactions with Les, by far, occurred in that room, especially when it also
served as the afternoon coffee spot for the Department. With a meaning that
I hope will become clear, in a certain sense Rockefeller 221 now represents
for me Les’ last “office” [6].

Even though this is a memoir rather than an amateur attempt at a history,
I have tried to be as objective as possible consistent with the recollection of
my impressions of a unique group of people and events during a unique span
of time.
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. . . departments grow hairer and blackhaired and shade away into
white and dome-shine at the top:

the dissolve moves through tenure, or a job elsewhere, part time,
retirement, death: there never is

a department really but a slow flow you can’t step in twice . . .

. . . from Garbage, A.R. Ammons
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2 FoldyFest Particulars

The title and abstract of my talk were, respectively,

Multiply Scattered Memories
Les Foldy’s groundbreaking work in scattering theory has had a
considerable impact upon work in atomic, nuclear, and condensed-
matter physics over the last half-century. I will give a non-
technical review of that portion of his research contributions within
the context of our various interactions beginning with my first
visit to Case Institute of Technology in early 1962.

The final, delivered product was consistent with this brief description. The
format of the present document gives me the opportunity to elaborate on a
number of things that were left vague and perhaps poorly understood in 2000
by Les, among others. Now I will drop the “non-technical” qualification for
the details needed for a coherent description of my impressions. Following
the lead taken by Phil Taylor and Bill Fickinger [3], I also set out personal
observations and conjectures about Les and others with whom I interacted.

I had not been satisfied about the unconventional design of the original
talk, nor its ambiguous reception. Thus, I never formally typeset anything,
beyond some background notes for the transparencies that I displayed, both
now long since discarded. Not only was much of what I actually said never
organized, a lot of the material that I had prepared for the occasion was not
delivered. My time was reduced by overruns of the previous introductory and
guest speakers as the morning schedule moved to a firm lunch break, cf. Ap-
pendix. So, I was asked by the Moderator just before I was to begin, to “cut
it short,” a circumstance I had already anticipated as the earlier speakers
were running over their allotted times. Since the material was quite flexible,
this development did not present a problem for me, but the ensuing com-
pression might have been responsible for a less than complete development
of certain delicate points.

Not long after the FoldyFest, Bill Fickinger borrowed my transparencies
for a while, I guess for his historical study [4], but returned them without
comment. The event itself is mentioned on p. 120 of WF, although not by
name and only the principal speakers, not the titles nor the abstracts of
their talks, are listed. I have supplemented parts of Fickinger’s rendition
of the Period by providing additional, sometimes different, impressions of
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various selected events, papers, and people related to Les’ career and mine.
The content now may still be a bit as unconventional in motivation and
organization as the original was. So even with an elaboration, particularly of
technical detail, I am not confident that the relevant parts, specifically those
related to Foldy, would be better received were I to deliver it again.

The event in 2000 was superbly organized by Bob Brown with consid-
erable help by others, not least Lawrence Krauss, our Chair at the time.
Initially, in fly-by hallway conversations with Lawrence, I warmly, strongly,
and repeatedly recommended that Phil Taylor be the only in-house speaker
for what was shaping up to be a symposium in Les’ honor with some very
prestigious people lined up for its program, indeed, one of them fresh from
a Nobel Prize in 1999 and another who would be awarded one a few years
later in 2004. I still think that this would have been the right thing to have
been done as can be judged from the paper [3] that reflected the spirit, if
not the entire content, of Phil’s FoldyFest talk. Unfortunately, in perhaps
the only miscue in his planning, Bob persisted in asking me to speak, even
though, really I had said just about all I had to say, in the usual way, at the
much more familial Departmental celebrations for Les’s 60th and 70th birth-
days. Whatever, in retrospect, I feel honored to have been asked on these
three occasions to speak about various aspects of Les’ career and his unique
character as a teacher, mentor, role model, colleague, and human being.

After I agreed to participate, my misgivings only increased after a very
pleasant, but unenlightening conversation with Les in my office that was
intended to help me to prepare my talk. We digressed more than once into
small talk about the intriguing character Moe Berg. Afterwards, Les lent
me a copy of a book on Berg that I returned after a polite interval since I
already knew the stories rather well. I was very interested in hearing the
background about one of the other FW papers, besides the original [7], that
played directly into some of my previous research, namely, the paper by Foldy
and Walecka [8-10], but I learned nothing beyond what I knew already. My
conjecture, which appeared to interest him, concerning Rabi’s famous remark
about the muon: “... who ordered that” as having arisen in the course of a
group lunch at one of the local Chinese restaurants around Les’ old stamping
grounds at Columbia, seemed to lighten things up at the end.

More unsettling was Phil’s visit to my office near the time of the sympo-
sium in which he indicated, with an intimidating sheaf of long-leaved notes,
that he was concentrating on the personal and intellectual backgrounds for
Les’ more important papers, based on a number of interviews with him,
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rather than just their essential content and impact. In the end, in the ef-
fort to avoid duplicating either my previous efforts or those of others at the
symposium, especially Phil’s, I settled on a strictly personal history of my
interactions with Les over a very rich 9-year period in the history of the De-
partment, with some anachronisms. I selected portions of his work using the
reference points provided by his peregrinations over several floors and offices
within the Rockefeller building during this time as well as for the rest of his
career. It was fun to put together, however, many in attendance, I suspect,
including Les, so I was told, were not amused, a response that might have
been preferable to the possibly soporific effect of too much technical detail,
sans the pivoting on his offices.

I skipped the afternoon talks, but the morning had featured ’t Hooft’s
and Bj’s talks with the former telling us with authority how to pronounce
Wouthuysen’s name correctly and with Bj flashing some slides of scanned
pages from Ch. 4 of the first volume of the famous Bjorken & Drell texts [11]
devoted to the Foldy-Wouthuysen [FW] transformation [7]. Most of their
respective talks concentrated pretty much on their own interests.

It has always struck me as odd that I don’t recall Bill Tobocman or Roy
Thaler speaking at any one of Les’ three birthday celebrations, since both
were collaborators [12-14], while Les and I never co-authored any papers
over our careers despite a number of common interests and many, sometimes
quite intense, scientific interactions. Moreover, Bill and Roy were the first
nuclear theorists hired at Case at the beginning of the Reines era, and were
tenured before I arrived on scene, while Roy was the last practicing one for
some years after Les’ retirement. Even though Roy told many stories and
Bill few, I would have very much appreciated their organized recollections
on the early days before I arrived and before I was tenured, when they were
putting together, along with Les and the van de Graaff experimenters, a
nuclear theory group with a commodious AEC contract covering them and
many others throughout the Period. Although he attended at least one of
the three birthday symposia for Les, I also do not recall Leonard Kissinger
presenting anything like a formal talk relating to Les. There are no easily
accessible records for these events, even the last one, so it might be that my
limited memory of them is further distorted by my focus on the details of my
active participations, but I feel a certain responsibility, as a possibly sentient,
but certainly uniquely positioned witness from those ancient times.
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3 BLR

More than 50 years removed from most of the Period, I find it impossible
to relate my impressions from that time without bringing in all the people
who played crucial roles in forming them. Foremost, were Roy Thaler and
Bill Tobocman as senior faculty who were clustered with Les on the AEC
contract. From very early on I came to think of the three of them as a unit
tagged by their first names, although in many ways they were far from that.

With J. Robert Oppenheimer as his PhD advisor, initially at Berkeley
and then at the Institute for Advanced Study, along with his early high-
impact work, Les acquired an elite patina that he wore easily and that he
never lost after coming to CIT in 1948. He was the first person either there
or at WRU whom we would now term a theoretical physicist [4]. He took
a sabbatical at CERN in 1963-64, but stayed in Cleveland thereafter except
for summers. Les brought, with him besides his own personal characteristics,
the aura of the circle of great physicists of which he was an accepted member.
No one else here carried quite this level of A-List status that he maintained
with ease and modesty until his death in early 2001.

Bill marched through an MIT PhD in nuclear physics, a year as a postdoc
at Cornell, 2 years at the IAS, a year at Birmingham on an NSF Fellowship,
and a faculty position at Rice before coming to CIT in 1960 [4]. While
at Case he was awarded a Sloan Foundation Fellowship that facilitated his
leave in 1963-64 at the Weitzman Institute before returning to Cleveland for
the rest of his career, except for relatively infrequent visits elsewhere during
summers. The boundaries of those seasons were always sharply signaled by
Bill’s Birkenstocks and grey socks, apparel not fancied by either Les or Roy.
Not long after the first version of this document was completed, Bill passed
away in Florida in March 2018.

Finally, and anomalously by comparison, Roy did his doctorate in atomic,
rather than subatomic physics, at what was at that time a second-tier physics
department at Brown University. He moved on to a postdoc job at Yale with
Gregory Breit’s group that was a major research center then for nuclear-force
phenomenology. Afterwards, he went to the Los Alamos National Laboratory
and had lengthy visits at MIT before being hired at CIT the same year as
Bill. Roy travelled extensively throughout his career, but mostly before and
after the Period, except for his regular attendance at the big New York
and Washington APS meetings. Roy rarely listened to any of the talks at
these meetings, but instead planted himself in a strategic position outside
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the lecture room or hall that he felt that would have the most traffic so that
could pick up on the latest rumors and people looking for jobs could see him
and talk. Sometimes this required a lot of confidence to man a lonely post
at length, but eventually he would gather a small circle of people. And there
was no question that he picked up on much of the latest scuttlebutt and he
was always happy to make introductions if you happened to drop by.

BLR were the only tenured subatomic theorists at CIT in 1962 and re-
mained so until the merger of the CIT and WRU Physics Departments, but
regained that status, until near very end of the Period, when most of the
former WRU faculty had left. Many others played important roles during
the Period, contributions that I will relate largely in support of my main
narrative. For example, my very limited, but pivotal, interactions with Fred
Reines, while he was Department Chair, were never insignificant, but not of
the length, frequency, or relevance compared to those with BLR throughout
this time. Also, typically of only limited relevance were the many other ju-
nior faculty and postdocs, some who were collaborators or friends, but most
of whom had left by mid-1971.
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4 BLR Work Before 1962

Typically, I will allude to only that pre-Period work of Bill, Les, and Roy that
tied into my own experiences. Fortunately, this will include some of most
highly-cited papers of the three as well as some that are often overlooked in
the local lore, but have considerable stature in the wider community.

The years 1945 to 1962 were highly productive for Les. I was intimately
acquainted with Les’ multiple scattering theory [10, 15], or, more accurately,
Watson’s [16] realization of it in quantum theory. On the other hand, the
iconic FW [7] work never featured in any of the courses, seminars, or colloquia
that I attended at Brown, it was irrelevant to my research [17], and I never
studied it in detail until much later.

Much more directly factored into my efforts before 1962 was Roy’s work
on a phenomenological model for the nucleon-nucleon force, the innovative,
and then very popular, Gammel-Thaler potential [18-20]. Progressively re-
fined versions of this potential are still used almost exclusively in calculations
to describe low-energy nuclear processes and bound states pace the direct ap-
plication of QCD. As I remarked in my talk [1], even in 2000, even now, if I
had to do my thesis all over, after thinking about it a bit, I would probably
do my calculations the same way, but with modern computing technology
and better numerical algorithms along with more sophisticated models for
the three-body problem, but now using the latest phenomenological nucleon-
nucleon potentials, the descendants of Gammel-Thaler. At present, some-
thing like calculating nucleon-deuteron scattering, say at 150 MeV incident
nucleon energy in the lab frame of the deuteron, based on QCD, where calcu-
lations become simplified to a degree under constrained circumstances only
at much higher energies, is not practical. It maybe someday when the con-
finement and hadronic features of the theory are better understood, as Frank
Wilczek had highlighted in his FoldyFest Abstract, cf. the Appendix.

Far more relevant to me, although not at first, was Les’ very important
work with Bill Tobocman [12] that provided examples of the non-uniqueness
of solutions to the Lippmann-Schwinger equation in many-particle scatter-
ing situations. This paper indicated that the multiparticle scattering problem
had to be reformulated in order to be well-defined, namely, solvable, in prin-
ciple, and in practice, on a computer, for instance. I believe that I knew
of Bill and Les’ paper when I was at Brown, but it never played a part in
my work then in that it pointed out a difficulty, but provided no definitive
suggestion as to its cause or how to resolve it. An explanation of the source
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of the problem and a prescription as to what to do about it were provided
by Faddeev [21] for the case of three particles, who, among his very short list
of references, in the Soviet style, cited the Foldy-Tobocman paper. The key
insight leading to a well-defined solution algorithm involved the elimination
of Dirac-delta function singularities in the kernels of the three-body scatter-
ing integral equations arising from the disconnected processes that can can
appear in collisions involving three or more particles [22].

I found it interesting, although of uncertain significance, that only one
of Les’ papers [10] is cited in my dissertation [17], while Roy is logged in
with three with him listed as a co-author [18, 19, 23] and each crucial to the
background for the work that I carried out. It was clearly an oversight on my
part that none of Bill Tobocman’s papers, either as a sole or co-author, were
cited by me for if they had been my write-up would have more accurately
depicted the general state of nuclear collision theory at the time.

Les’ work on what are called direct-interaction theories is typically over-
looked in reviews of his work and career [3, 4, 24] and certainly played no
role in my own. The basic idea here is to develop a consistent quantum-
mechanical treatment of systems of fixed numbers of directly interacting par-
ticles in terms of their positions and momenta fully consistent with special
relativity, i.e., symmetric with respect to the Poincaŕe group, rather than by
means of mediating fields. There have been a number of attempts to do this
leading to a picture somewhere between local quantum field theory and non-
relativistic quantum mechanics. Les’ initial work appeared in 1961 [25]. It is
regarded as one of the five seminal papers underlying this approach in a com-
prehensive review by Keister and Polyzou [26]. Les recognized the importance
of macroscopic locality as a constraint on these interactions as replacing the
concept of Einstein causality or microscopic locality as it is introduced in a
local field theory. Both Les’ paper and the Keister-Polyzou review have been
well cited, with over 300 and 500 citations, respectively, indicating to some
extent the interest in the field despite its complications in the multiparticle
case surrounding issues such as proper cluster-decomposition characteristics
and suggestions [27] that the consistent combination of cluster decomposi-
tion and special relativity can only be achieved in local quantum field theory.
The direct-interaction theories have been useful in formulations of hadronic
interactions that are valid to order 1/c2 consistent with the Poincaŕe group
and signal one of the recurring themes in Les’ research, viz., relativistic cor-
rections. We note in passing that another repeating feature, while not as
important, is the fixed-scatterer model, its justification and exploitation, in

10



multiple-scattering problems [8].
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5 Providence and Redux

Even flying out from the tiny Theodore Green airport in Providence in the
morning on a relatively slow four-engine prop aircraft, the flight to Cleveland
in early 1962 provided a better experience than most commercial flights do
today. No security, very short lines, plenty of roomy reserved seats, well-
dressed fellow passengers, non-stop, decent food served by solicitous flight
attendants, and the liberty of a cigarette with coffee.

I don’t remember how I got to Case from Hopkins, but I did so pretty
much on time and not that long before lunch. I had never met the BLR Case
nuclear-theory heavy hitters, Les Foldy, Roy Thaler, and Bill Tobocman,
ages 43, 37, 35, respectively, at the peaks of their careers, resplendent in
white shirts, ties, sport coats, pressed slacks, and scuffed Oxfords. Also, my
advisor, David Feldman, had not given me the slightest hint, about them. I
knew of their scientific reputations to varying degrees, but only from what
was relevant to my research and without benefit of Google.

Roy was the first one that I met and he seemed clearly to be the person
who would be my primary contact. I was introduced to Les shortly after-
wards in Roy’s office and my first impression was his clarity, brevity, and
pleasantness of expression, coupled with a curious disengagement, in stark
contrast to Roy. Others, Martin Klein among them, dribbled in for the walk
over to Tomlinson for lunch in the long extinct basement “Faculty” dining
room in which our lunches were served to us at large round tables. On the
way over, or back, I expressed my concern about the trustworthiness of the
intricate ironwork of the main Rockefeller staircase [28, 29] and Les responded
that “...they will be here long after the rest of the building is gone.” At the
FoldyFest I remarked, in this context, “So far he is has been right,” and I
guess he still is, but I have not checked in a while.

After lunch Roy announced that “. . . we will be having dinner with our
wives tonight,” after I had told him that I was booked to return to Providence
that evening. This revealed an interesting lack of communication among us l
that, in retrospect, seemed to arise from too many people, and at times too
few, being involved in the consideration of my potential appointment. I did
not speak directly to Bill until after lunch, almost in passing on the stairs,
when he told me he had written a paper on what I had mentioned as a next
project, namely the application of my impulse-approximation tricks to direct
nuclear reactions. Perhaps he did, but I have never come across it, and I
never pursued this project, I think to my benefit. Overall, it all seemed like
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a whole lot of fuss, especially the trip thing, for a potential postdoc, not yet
even a Ph.D., compared what I had seen happen at Brown, where postdocs
seemed simply to appear without preamble, and with the actions in response
to my applications to other places. I think that Les was a bit uncomfortable
with the looming “who is he going to work with” problem, a difficulty that
resolved itself, with my help, after I arrived.

My application for a postdoc job at Case had little to do with any of
the scientific topics highlighted in most of the FoldyFest symposium. In the
late 1950’s and early 1960’s Roy Thaler’s work with Arthur Kerman and
Hugh McManus [23] was a very hot topic in nuclear theory and it served
as an important resource for me at Brown [17] and the papers that arose
from that work [30-32]. Both the KMT paper and the fact that much of
my wife Audrey’s family resided in the eastern Cleveland suburbs had a
lot to do with my decision to apply for a job at Case. The offers that I
received from Indiana University and the University of Pennsylvania came
from institutions in cities that possessed none of the appeal that Cleveland
held for Audrey with a second baby on the way. Feldman, a Schwinger
student, and of subsequent Yang-Feldman [33] fame when he went to the
IAS after Harvard, was not keen on our choice of destination save for the
presence of Les on the faculty. His seriousness about this can be gauged by
his taking me to lunch, for the first and last time, to Toy Sun’s on Thayer
Street to persuade me not to take the Case offer. Audrey and I stayed the
course.

I don’t recall Feldman mentioning anyone else at Case, besides Roy and
Les, whom he both knew, for in those days there was considerable elasticity
as to what was called “high-energy physics.” This turned out to be a bit
embarrassing when I first met the charismatic Fred Reines. He arrived in
Roy’s office unannounced after my afternoon seminar in Rockefeller 309, also
the site, by luck and contrivance, of my final presentation at CWRU [34].
During my command-performance “executive summary” of my talk for him,
Fred asked a couple of excellent questions, with his magnificent projection
and commanding presence, that I wished someone had asked at the talk.
After he left, I asked Roy, in so many words, “Who was this guy?” and Roy
was more than happy to enlighten me, in his usual dulcet tones, that I had
just been in the presence of the “discoverer of the neutrino” [35]. There was
more to Fred’s seemingly brief interest in my project than I perceived at the
time.

My visit concluded with Roy driving me to Hopkins in weather that was
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starting to turn bad. So bad in fact that there was some possibility of a
flight cancellation. Once aloft, however, our intrepid pilot pushed through
the swirling snow storm to fly the nearly empty plane to an aptly named
Providence. Once back to our Benefit St. apartment, I told Audrey about
my adventures that day and the people that she would come to know for a
very long time.
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6 Offices

Offices are a potent currency of comfort, status, and productivity both within
academia [36] and the business world [37]. In our general culture, with its
concerns about decor, corners, windows, etc., offices, whether they are open
or not, often provide useful markers of careers. They are no less important in
the academic Physics community. It is a matter of opinion in what respects
the trajectory of Les’ various office locations within the Rockefeller building
were significant, but several moves did occur between 1962 and 1971 and
they all played important roles in my story and were a central feature of
my FoldyFest talk [38]. For that presentation I used transparencies of the
Rockefeller floor maps that traced out the trajectory of Les’ office stations
from 1962 to his last one in Rockefeller as best as I remembered things.
Here, I won’t refer to much later times than the Period and I won’t resort
to maps, but I will also now comment on Bill and Roy’s offices, along with
those of others too, in sketching out the evolution of the multi-dimensional
configurations in the sequence of events, for there is no divorcing them from
the physical features of the building that has defined the Physics Department
for more than a century.

6.1 Second Floor Offices

To a rough approximation the present 204 was Les’ office from the time of
my visit in early 1962 until the start of the 1963-64 academic year. The room
next to his, 205, belonged to Robert Shankland, an arrangement that I liked
to think of as a legacy of its earlier days back to Dayton Miller [4].

I was the temporary occupant of 204 in 1963-64 while Les was on sab-
batical at CERN; afterwards, he stayed in it until around the time of his
appointment as Institute Professor a few years later. This spot was subse-
quently occupied by Harvey Willard and then me again in 1970-71, when
Harvey moved to the 7th floor of Crawford. I thoroughly enjoyed my first
stint as a respite from the dismal third-floor cubby hole that I was first given
in 1962, but not so much the second one, which came with taking on various
amorphous administrative chores.

During early part of the Period, Bill had a cramped, over-heated second-
floor office next to the uni-sex facility east of the central secretary’s desk
outside Shankland’s northwest corner office. All of this was enveloped in the
abundant dark wood favored in fin-de-siècle era academic buildings. Once
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on a walk-through of his, with me tagging along for some reason, Fred Reines
peeked into Bill’s open door, and remarked to me, in Bill’s absence, “. . . you
know he could have had a bigger office, but he wanted this one.” Bill stayed
there until he moved to the third floor a bit later on. I believe that the
last occupant of this place, before the renovation in the mid-1990’s when the
geometry of the area was totally changed, was Cyrus Taylor who seemed to
like its thermal qualities, but now enjoys Harvey’s former somewhat more
elegant eyrie.

A universe away from Bill’s place of his own choosing and even further
from Les’ spacious place of relative decorum, was Roy’s office, most likely
that was located to suit his fancy as well. Circa 1962 this place was ground
zero for action, rumors, and people spotting. It was next to the Depart-
ment’s Administrator’s office with a woman who functioned as joint recep-
tionist, gatekeeper, and typist outside their seldom-closed, windowless, old-
Rockefeller big wooden doors. A few steps in the hallway to the south led to
Fred Reines’ Chairman’s suite in the newer portion of Rockefeller that had
the walls in the Chair’s office painted light blue and a secretary outside in
a small adjoining room painted in a more institutional color. A short dis-
tance further on from Fred’s complex was the Miller conference room. Never
far were the all-important mailboxes that, apart from our old magnet-heavy
AT&T landlines, provided most of our communications, external as well as
internal.

A short distance away from the lobby to Roy’s office in the other di-
rection towards the Rockefeller steps was a “lounge” for the Departmental
secretaries, who were all women, with nice sofas and stuff, but no plumbing.

While Roy’s domain was not exactly the crossroads of the world, it came
very close to it in Rockefeller, even after CIT and WRU were federated.
Whatever, it functioned superbly as Roy’s base of operations for his highly
interactive research and Departmental activities.

Much about the relative physical features of these sundry offices and their
functionalities reflected many aspects of the personalities of their occupants,
an observation hardly unique to me.
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6.2 Third-Floor Interim and Institute Professor Suite

For reasons that I cannot recall, if I ever knew, for a short while Les used the
large room that now might be part of 303. At the time, it was a bit cluttered
with stored equipment for lecture demonstrations. This was probably an
interim place for him prior to moving into the Institute Professor Suite (IPS)
after his new appointment in 1966.

The remodeling of this part of Miller-era Rockefeller that followed con-
verted a space that had a sink and laboratory cabinets and also had a lot of
junk used for lecture demonstrations in the 301 lecture hall. This new con-
figuration featured Les in a relatively small, but nicely carpeted northeast
corner office with a dedicated secretary outside in the small lobby leading to
a long hallway behind 301.

The new arrangement had Michael Coopersmith on the northern leg ad-
joining Les’ office, with me, Mangaham Nagarajan, and Harvey Leff, in that
order on the eastern leg, Assistant Professors and theorists all. Both Mike’s
and Les’ offices had wonderful views and Mike got the only sink on site. The
rest of us feasted on the visage of the ancient-looking gray pile called the
Morley building used by Chemistry, Biology, and numerous birds for nesting
in the clover-leaf-shaped holes in the cornice. The wooden floors of the junior
faculty rooms were replaced some sort of more modern hard-finished office
flooring along with reasonably sized boards, book shelves attached to the
walls and too powerful individual air-conditioners installed high up our very
tall windows with a supporting system that rattled a bit at high loads. We
loved it.

Overall, I think that the effect on Les of the creation of this little, with the
stress on small, office complex, in the manner of the European “Professor”
surrounded by acolytes in an “Institute,” with a full-time secretary who had
a continuously clacking typewriter and a ringing phone not far from his door,
was a combination of claustrophobia and overexposure, the former due to the
tight quarters and the latter arising from what now seemed like open season
on his privacy, compared to the more spacious, less accessible, and very
much better protected 204. For example, instead of the dark, massive, oak,
windowless door to his old 204, that could have easily dated from 1905, we all
had much less substantial, poorly fit, sound-transmitting, Home-Depot-type
issue each with a narrow-width, rectangular window rising vertically right
above the door handle, I guess so that both the occupancy of the room and
the visitor could be checked out. Some of us simply covered the window
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and ignored knocks, but that was not Les’ style, so that he was often visibly
pained when he responded to the peeking, followed by diffident light tapping.

Room 301, referred to informally as the Shankland Lecture Hall, and
graced with a large portrait of its namesake [4], has retained its 1905 museum-
piece look that could be used as a setting for filming a re-enactment of one of
the classic Solvay conferences held in the early 20th century. Unfortunately,
to add to the pile-on for Les was the din created by the flux of students in
and out at the turns of the class hours and sometimes by the braying of a
stentorian lecturer.

Although the IP suite seemed to be a disaster inflicted on Les, for the
guys in the four rooms clustered around his office the place represented a con-
siderable upgrade of the ad hoc digs that each of us had previously sprinkled
randomly throughout the building. Moreover, the arrangement encouraged
community, but no real interaction with Les and no joint papers with him ei-
ther. On the other hand, the interactions among the junior faculty generated
collaborations, friendships, and certainly a positive scientific dynamic of mix-
ing ambitious younger people with different interests in theoretical nuclear,
particle, and statistical physics. Evidently Les found the situation much less
appealing than we did and he moved on not too long, relatively speaking,
after moving in. Bill Tobocman took over Les’ place as the resident Senior
Professor and stayed there for quite a long time afterwards. Bill liked the
very features that Les did not, among them the proximity of his protége and
frequent collaborator, Nagarajan.

Ironically the most extended and intense interaction that I had with Les in
the IPS occurred after he had moved out. This centered around his concerns
about a manuscript that I had written about a certain class of what were
called current-spectral-function sum rules that extended some work by Nieh
[39]. He would always show up on the threshold of my office, never stepping
inside, and ask a question or two about some part of the paper that he
would literally point out in my preprint that he was holding. I think that I
responded adequately to each of these questions, but in a day or so he would
be back with another “question” about a different thing and always with a
troubled look on his face. Finally, although I never saw anything manifestly
incorrect, after a number of repetitions of this routine, I felt that I was having
the benefit of an instructive, personal warm-up bout with a journal referee so
I decided not to try to publish it. Upon receiving that news, the worried look
vanished from Les’ face, his usual composure returned and he never referred
to it again. I reciprocated by moving on, with no great loss to the world me
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thinks, but sometimes I wonder what really bothered him about it.
One of my fondest memories associated with the IPS was upon my return

from leave in Belgium and finding Leonard Kisslinger’s message written in
chalk on the blackboard in my office: “Welcome back, Ken!”

Towards the end of the Period, Bob Brown took over Mike Coopersmith’s
office and Carl Shakin mine. A bit before that John Rix inherited Nagarajan’s
former office. Harvey Leff stayed on until later and so did a secretary until
Carl left, about which time someone put up a dart board.

The IPS complex was totally gutted during the mid-1990’s remodeling
and is now devoted to the demonstration and laboratory services provided
to the introductory physics courses and is kept locked.
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6.3 Miller Library Suite

When I first came to Case there was a marvelous library, brimming with
books and journals and the ubiquitous dark wood on the second floor of
Rockefeller with the same entryway that now leads to the remodeled 201-215
complex through the glass brick wall. At some time after the merging of
the Case and WRU Physics Departments, this space was partially converted
into a bank of three fairly large, offices each with a single, large, west-facing
window overlooking the Case quad, but with those funny windowed doors like
those that were in the IPS. In spite of this new construction, the wonderful,
high commodious shelves of the old library were largely preserved on the
northern, southern and eastern walls. Only the middle office was bereft of
a single wall of aboriginal shelf space, while the outer lobby space had the
long eastern side set of shelves, a few tables and chairs and an enormous
mobile metal stair case for retrieving material from the upper shelves that
extended well-beyond reach from the floor. This was the sort of Old-School
book shelving that any bibliophile in a pre-war apartment on Riverside Drive
could only dream about.

I do not recall the rationale behind this construction, except for the effort
to accommodate our WRU colleagues and new hires, nor do I recall how the
offices were assigned originally, but the first configuration that I remember
had Paul Zilsel, Ben Segall, and Les, from south to north. In my opinion,
this was not only Les’ last regular office, but his favorite one. It was as if he
had escaped his tiny, albeit, well-carpeted, corner cell with a view in the IPS,
to a place with a wonderful set of shelves for his many books and papers, two
highly compatible neighbors, all in a very quiet, traffic-free environment. It
was perfect . . . almost.

It is an eternal truth that each office’s design in Rockefeller is flawed in
some fatuous manner, in this case by a black, green actually, board that was
poorly placed and much too small and eventually became completely covered
over with old yellow telephone messages left by various people. In addition,
the single window on each door, with a much greater vertical than horizontal
dimension, gave each of this row of offices a curious one-dimensional aspect.
The ample shelf, table, and desk space that he had was not equal to Les’
capacity to exhaust it and he gradually would spend more and more of his
time at a table in the outer-lobby area, but this did not come to pass until
later. Most of my communications with him were in the context of our group
seminars in the Miller Room, rather than either his original office here or his
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extended one into the lobby; I found neither one conducive to discussion.
Long after Paul Zilsel left in 1970, Les guarded a small trove of the well-

worn books that Paul had left on shelves outside his former office like a
mother hen, as I learned when I started browsing through them irreverently
one day. I don’t think that Paul ever reclaimed them.

6.4 221: The Last Office

Sometime early in 2017 e-mailed seminar notices and the website Department
Directory began using Foldy’s name instead of Miller’s in referring to the 221
conference room. I have no idea what led to this change and what will become
of Miller’s portrait in the room. Nevertheless, the room has a rich history
for scientific presentation, as well as the arena of a variety of Departmental
political, academic, and scientific blood sports. Many careers were decided
here, even though right after the merger it was too small to accommodate
everyone comfortably so some full-faculty meetings were held in 301.

I have vivid memories of many of these things, such as the extempora-
neous all-day seminar that Julian Schwinger gave on his Source Theory [40],
brilliant oral exams and some not so, the extremes of the results for the
Qualifying Exams, and the many often tense promotion and tenure proceed-
ings, and much else, including my own presentations of various things under
different circumstances. Many of these episodes had the common feature
of Les’ participation, although only rarely did he preside; nonetheless, his
always sensible and pertinent comments and contributions are among the
things that I remember best after all of these years often better and more
frequent than our discussions in either of our offices. So it is appropriate for
me to think of 221 as his last office, rather than just an honorific association
that might be changed arbitrarily again in the future.

21



7 BLR, Others, and Other Perspectives

7.1 Different Styles

BLR shared few common characteristics, particularly in their styles of col-
legiality and research. In these Les and Roy were polar opposites with Bill
falling around the equator. Each was effective at their own latitude and each
contributed uniquely to my interests, and more importantly, those of the
Department and of the larger physics community.

During the Period I had the least direct interaction with Bill and the most
with Roy, with Les somewhere in between among BLR, but rather more with
other people. The frequent informal internal seminars provided a valuable
social lubricant and communication vehicle within the nuclear theory group.
Some of my most consequential interactions with BLR and others arose from
their comments about my current projects, or those of others, or my remarks
during their presentations. Each of the three had some quasi-mantras that
they repeated frequently, typically in the context of these seminars, which
may suggest some of the spirit of these occasions:

WT :

– “OK” at the end of every few steps of analysis, typically as he
depicted it on a blackboard, whether it was “OK” or not. Even
up to very recent times, I have noticed this tic is not all that
rare among seminar speakers external or not, colleagues or not,
esteemed or not, particularly deep into a talk when assent is freely
offered by listeners in trade for a quick conclusion.

– “It seems to me . . . ” . I always admired Bill’s non-confrontational
approach to questions, in contrast to mine.

LLF :

– “Cosmology would never be a science . . . ” because, as I under-
stood him, there is only one universe and repeatable experiments
on its creation were impossible. The multiverse and many-worlds
vistas enabled by quantum theory, barely on the horizon for fash-
ionable thought in the 1960’s, seemed to play no part in assessing
the truth of this assertion, nor did he mention anything sounding
like “falsifiability,” or allude to Karl Popper.
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– Asserting with great emphasis “. . . always . . . ,” when referring to
some particularly inclusive truth of physics or mathematics.

RMT :

– “. . . now we’ll put some pants on it,” when referring to a not wholly
consistently argued, or superficial, but promising analysis that
needed more polishing to be taken seriously or to be published.

– “. . . in a very real sense . . . ” when trying to provide a shape to
some occurrence or another, but lacking more cogent specifics.

7.1.1 Collaboration

Les’ perhaps most noteworthy collaborations [7, 9, 12] involved people who
at the relevant times were not in the Department, although, of course, Bill
eventually came permanently to CIT, along with Roy, in 1960 [4]. I never
collaborated with Les on anything that came to fruition as a publication,
while that was not the case with either Bill or Roy, at least on a small num-
ber of occasions and only one during the Period [41]. Thus, I cannot claim to
speak from experience about how their collaborations worked. Nevertheless,
it appeared to me that Roy could not really function well outside a collabo-
ration, while both Bill and Les could do so nicely, but moved into joint work
more or less naturally as the occasion arose.

The originations of these collaborations and the role each of the three
played in them differed markedly. It would seem that Roy’s experiences with
the large collaborative programs of the nuclear-theory groups at Yale, MIT,
and Los Alamos, the later especially, distinguishes Roy in this regard who was
the most aggressive in getting people, often more than just a few, together
even before there was a well-articulated problem to be addressed. In this
regard Roy was the far superior impresario of collaborations of the three.
Nonetheless, both Bill and Les engendered valuable and productive contacts
for me, but usually with much smaller potential political costs typically in
the form of expected quid pro quos.

Roy began a prodigiously productive collaboration with the newly ap-
pointed nuclear theorist Carl Shakin, and their postdocs, near the end of the
Period. Bill had his ongoing collaboration with Nagarajan for several years.
While Les did nothing like that within the Department, or even WRU, he
had numerous and productive collaborations with other faculty from more
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distant institutions [8, 9, 42-45]. The striking absence of collaboration among
the senior CIT and WRU subatomic theorists was a symptom of things to
come when all of these WRU people moved on to other places, often not by
choice.

Overall, a not unusual feature of the CIT Physics department, compared
to others at the time, is that the senior theorists did not collaborate with
each other in any significant way. Typically, their energies were directed
towards external collaborations with peers, often consummated with an in-
stitutional visit, and internal ones with graduate students, postdocs, and
junior faculty. I evidently thought this was a pretty good modus operandi
since, although certainly not senior, I adapted this style throughout the du-
ration of the Period, except for relenting for just one time nearly at its end
[41]. Contemporary patterns of funding, travel, and communications have
changed things considerably and collaborations now are the rule rather than
the exception on theoretical papers, perhaps taking license from the organi-
zational examples of subatomic experimental groups. I have no doubt that
Roy in his prime would have thrived in this new age, Bill would have been
his pragmatic self and do whatever, but I don’t think Les would have been
comfortable.

7.1.2 Mentoring PostDocs and Junior Faculty

The vitality and stature of a university research group usually depends cru-
cially on the mentoring of junior faculty and the supervision of postdocs.
Exactly how productivity is managed depends significantly on many vari-
ables. In the early part of the Period the CIT theorists were grouped under
the tent of an AEC contract, but their efforts were divided into three sub-
groups each nominally under the control of one of the senior faculty. In
reality things were far more complicated and I think my own experiences
provide substance to that remark.

It seemed apparent that Roy was by far the most aggressive in recruiting
and interacting with the postdocs and junior faculty since his style of doing
research depended crucially upon it. Les was at the other extreme with a
highly independent research program and an apparent preference for working
with graduate students, rather than postdocs or junior faculty. Bill liked very
much to collaborate with the junior people, but he tended to concentrate on
fewer relationships over a longer term than Roy.

Much of this behavior seemed to be constrained by the graduate-student
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demographics at the time: Early on Roy had to handle far too many as a
result of the sabbaticals of Bill and Les and other circumstances, but only
a few of these finished as PhDs; then there were not too many who wanted
to take up subatomic theory and those that did who usually gravitated to
Les, so if you wanted productive company postdocs were the way to go.
Finally, I know that both Roy and Bill were more than willing to beat the
bushes for job opportunities for the junior people they had supervised, while
I don’t think that Les was that keen on that aspect of the job, along with the
associated need to suggest projects on things that were more fashionable. Its
a bit different if your charges are graduate students with less pressure in many
respects; a dissertation topic often is almost irrelevant except to demonstrate
promise, an advisor’s letter counts for a lot, and nobody expects much of
a publication record, constraints that I think that Les would prefer and,
without question, Les cornered the graduate PhD-degree market in subatomic
theory here during this time.

An important aspect of mentoring are the contacts that are facilitated to
others in the community. In my case Roy was by far the most successful.
He was always happy to introduce me to other people regardless of their
rank, fascinating people, from Leonardo Castillejo to Herman Feshbach. The
first, of CDD-zeros [46] fame, had a reputation for friendliness and being
genuinely interested in the work of others, but I was astounded when in a
brief encounter at an APS meeting he not only seemed to know me, but
also my work. Feshbach was far less welcoming, but on a drive to Hopkins
after his colloquium, against the most superficial estimate of volumes, Roy
insisted that we sit three abreast in his cherished 1949 Ford with Herman in
the middle, a tight fit to be sure far exceeding the metaphorical rubbing of
elbows.

Now that ride is something that I cannot imagine Les ever suggesting.
On the contrary, despite all the smiles and handshakes in public situations,
Les seemed to hold back a bit for whatever reasons. Once at an APS meeting
I spotted him speaking to someone I did not recognize, except that he was
about Roy’s age, probably Japanese, and they both turned in my direction,
made eye-contact, not unpleasantly, but kept speaking to each other, so I
moved on. Back in Cleveland, I mentioned that I saw him with this individ-
ual and he volunteered that the guy was Tiochiro Kinoshita and the issue
of our independent and different proofs of the bounds on the shrinking of
the diffraction peak in high-energy, two-particle elastic scattering came up
[47-52]. Professor Kinoshita had already contacted me about about this and
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hopefully we settled things [49-52]. The issues revolved around, priority, and
the generality and method of proofs we each used, which Les may or may not
have been aware, but surely found out then. Now Roy in Les’ place would
have called me over right then to join them and would relished the oppor-
tunity to preside over this fortuitous meeting; later, he would have probably
related a redacted version of what Kinoshita had said to him, whereas Les
never related anything to me about that conversation, besides answering my
question, and we never spoke about it again. Generally, Les did not seem
comfortable with impromptu, three-way interactions like this and when they
did occur he typically would assume a slightly embarrassed smile and let the
other two talk.

Once again, Bill fell between these extremes of gregariousness and dif-
fidence. I don’t recall him at all in the context of either APS or various
topical meetings, but for a while he had people come in as summer visitors
with whom he encouraged interaction.

A component of mentoring that is difficult to calibrate, since its mecha-
nisms range from inspiration by example to direct micromanagement, unless
the circumstances are wholly programatic, is the question, roughly, of what
people are going to work on. At this time, I had more than I could handle
of collision-theory projects that I had generated myself, but I was looking
for something compatible with my formal interests, yet away from nuclear
physics. At the time there were appealing siren calls to, for the sake of
brevity, “S-matrix Theory” and “Axiomatic Field Theory,” and I had got-
ten a little taste of both with my work on asymptotic behaviors of hadronic
scattering [47], but a real research commitment to either activity would be
a major step. One day walking Les back to his office in 204 for the express
purpose of asking for his opinion about making a definitive move into one of
these directions, his abrupt response was “You work on what you want to
work on,” the last words coming as he looked out from behind his closing of
the heavy door to his office. Coming from Les this was a bit astonishing, and
a mere peep compared to the stuff that Roy fired off at me in our conversa-
tions, but it was a relief in many ways. To a large extent I have followed Les’
advice, particularly in relation to him, but there have been times when I re-
ally needed and used the help, strategic and tactical, of others to pursue some
projects. It took me a while to appreciate that Les was uncomfortable with
the more arcane aspects of quantum field theory and also analytic S-matrix
theory. That might account for his interest in relativistic direct-interaction
theories [25, 26] that could be formulated much like ordinary particle quan-
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tum mechanics, but even then, as we will see with Richard Fong, there was
probably more to it.

Many PhD-level theorists, subatomic and otherwise, came during the Pe-
riod, but almost all had left by its end. WF [4] contains many details about
those who were junior faculty including their fresh-faced photos. Data about
the postdocs are uneven for reasons that are explained by Bill Fickinger at
the beginning of his book. I can only be reasonably confident in the accuracy
of my comments on the people with whom I had some meaningful contact.
Junior Faculty:
Some of these people were appointed, like me, initially as a postdoc and then
promoted. Throughout most of the duration I had no say about the initia-
tions or terminations of any of their appointments. As far as I was concerned
they appeared spontaneously through the front door and then mysterious
forces determined their ultimate fates. The one exception occurred after I
returned from leave in Europe when I played an active, but hardly solitary,
role in recruiting Robert Brown.

• Mangalam Nagarajan: He worked almost exclusively with Bill Toboc-
man. Although my relationships with Nag were always friendly and I
had a great deal of respect for his abilities as a nuclear theorist, we never
even came close to collaborating, since our interests did not overlap to
any extent. Nonetheless, he seemed genuinely happy for me when he
pointed out the citing of my work in a monograph co-authored by the
esteemed Kenneth Watson [53, 54]. I had not known about this before;
I do not recall BLR ever commenting about it at any time, although
eventually both book and citation must have eventually come to their
attention.

There were lots of parties in the sixties and my wife and I saw a lot of
him and his spouse, Vijie, during the heady, optimistic days before I
went on leave. When Audrey and I returned to Cleveland in 1969 we
were surprised, after following up on a listing, to arrive at the place
that Nag and Vijie were renting on South Overlook Rd, a few doors
away from the Tobocman’s. We ended up taking the place and moved
in as they left, which was a bit awkward. His departure was a severe
blow to Bill’s research program, but Nag went on to a very productive
career abroad [4].

• Phillip Pearle: Phil was interested in the foundations of quantum the-
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ory, which had not yet quite taken off as a chic area of research [4].
Even though there was a lot of social interaction, I don’t recall ever
having a serious conversation with Phil on nuclear or particle physics,
or even quantum theory. I cannot comment on his research support
during his time at CWRU, but he seemed to interact well with Les, so
its possible that he might have been supported by the AEC contract
early on. He also left just about when I returned from Leuven. I spoke
to him briefly for the last time on the famous Rockefeller steps when
he came to FoldyFest and by that time he had retired from Hamilton
College. Some of his early works, and perhaps his later ones too, are
considered classics in the literature on the foundations and interpreta-
tion of quantum theory.

• John Rix: Fresh from his Harvard degree, among the last of Walter
Gilbert’s graduate students in physics, John as an S-matrix theorist
was a refreshing change from the nuclear-oriented people with whom
I had interacted up to that point. Since he began as Roy’s postdoc,
there was essentially no opportunity for any collaboration with me, in
this instance because I think that John seemed to feel that my inter-
ests were too oriented towards nuclear physics. Again, there were many
overlaps at the frequent social occasions of the time, but we had several
mutual friends rather than being especially friendly ourselves. Shortly
after his arrival, he gave a seminar in the Miller room about disper-
sion relations for amplitudes that included Coulombic, viz., one-photon
exchange, interactions. Les had long expressed misgivings about the
promise of such an endeavor because of the long-range force involved,
so when John drew a picture on the board of the relevant analyticity
properties in the complex plane, the following exchange took place:
Foldy: “. . . there will be an infinite number of zero-energy bound states,”
in a tone that suggested a fatal flaw.
Rix: “Yes . . . ” in a tone suggesting a statement of fact, with a finality
that left Les nonplussed.

John did some work with a graduate student on high-energy hadronic
collisions and diffraction scattering that considered several phenomena
[4, 55] that I have been interested in, either earlier or later, but we
never got to discuss these things because the timing with my interests
seemed off.
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Coulomb interference with the intrinsic strong interaction in proton-
proton scattering concerned Roy from his Yale days and he took the
matter up with John for the elastic collisions of two charged hadrons at
arbitrarily high energies [56]. The prescription for doing this is crucial
to the analysis of data on elastic pp scattering at the LHC and, before
that, for pp̄ elastic scattering at the Fermilab collider. The work of
Rix and Thaler led to further refinements leading to the accepted gold-
standard [57].

• Paul Kantor: He was student of Sam Treiman at Princeton before
taking positions at Brookhaven and SUNY Stony Brook that provided
him with a rich background in contemporary particle physics and the
formal techniques of both S-matrix and quantum-field theory. Paul was
the first theorist at CWRU with whom I could converse comfortably
about the latest things in current algebras as well as older methods
going back to the LSZ techniques that were typically used as starting
points. We had many conversations and social interactions, but Paul
and I converged on specific issue only once and that was acknowledged
in a footnote of one of his numerous Physical Review Letters, this one
authored by him and the postdoc Jerry Pietenpol [58]. Unfortunately, a
minus sign was lost in the final typesetting at PRL from the expression
that I had suggested as the starting point for an alternative proof, but
its pretty obvious what was intended. Paul returned the favor with
some crucial help on a paper of mine [59].

I greatly admired Paul’s uncompromising and clear opinions on most
things, but particularly physics, which at times were very courageous
to take for an untenured faculty guy. Bill, Les, and Roy appreciated his
typically incisive bon mots often in decidedly different ways than I did.
While Paul was not always diplomatic, his cutting to the chase with his
critical insights could save people from wasting their time. Once, when,
briefly, the food at the cafeteria of University Hospitals was superb, he
and I bumped into Stefan Machlup at lunch, whereupon Stefan regaled
us with his nascent ideas about time reversal, which, since he was
using some examples from particle physics, were somewhat relevant
to my interests [60] and earns Stefan a cameo appearance here along
with my former subatomic colleagues. Anyway, after that I don’t think
Stefan pursued that line of research any further in the way that he had
intended, nor do I know whether he ever became aware of Paul’s prior
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work on discrete symmetries [58].

I sold Paul my blue, two-door, 1965 Dodge Dart before leaving for
Leuven. The final transfer of the title and bill of sale for the car took
place in August 1968 on the windy terrace outside our suite at the
old Hotel Paris on 97th and West End Avenue, a scene I cannot help
but remember as if it were filmed in black and white. Fortunately, the
car kept going long after my return from abroad despite the rusting
brackets for the ball joints, a congenital defect in that model year.

Around the time of the shootings at Kent State in 1970 Paul invited
C.N. Yang, whom he knew well from his time at Brookhaven and Stony
Brook, to visit the Department for a few days and give some talks. In
the 1960’s Yang and his various collaborators had proposed a variety
of models for very high-energy elastic scattering of two protons that
accommodated the reality of the extended structure of hadrons, e.g.
[61]. Based as they were on data at 30 GeV beam energies on station-
ary targets, these considerations were a bit too low to be considered
asymptotic. Nonetheless, the “persistent” features of the cross sections
were often mentioned by Yang as the square of the cm energy, s, be-
came very large. This behavior was consistent with the picture of the
simplest model of the Pomeron as the highest trajectory in the Regge-
pole picture with an intercept of unity for zero momentum transfer and
well under the ceiling permitted by the Froissart bound [62], but it is
at odds with the ln2 s behavior characteristic of that bound, as well
as the limiting lower bound on the shrinking of the diffraction peak,
that is needed now to fit the data on proton-proton scattering from the
ISR in the 1970s on up to the LHC and the highest-energy cosmic-ray
observations at the present time.

Since Yang’s lectures took place shortly before the parton revolution
of Feynman and Bjorken, and then QCD, none of these newer con-
cepts came up, nor, if I remember correctly, did any reference to non-
Abelian gauge theories. In point of fact, these modern ideas of the
strong interaction and the compositeness of hadrons have yet to yield
reliable predictions for these particular issues concerning asymptotic
behavior that appear to involve non-perturbative considerations, such
as lattice-gauge-theory, that do not adapt easily to the depiction of scat-
tering phenomena and a consistent description of the physical hadronic
asymptotic states.
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Yang’s stay in 1970 has two other things that I associate with it:

– Yang used my third-floor office in the IP suite and I put my bag
and stuff in the second-floor lounge used by the secretaries . . . my
idea.

– Yang marching in a local evening candlelight parade for the vic-
tims of the shootings at Kent. In my recollection, this was noted
in the student newspaper, but I have not found anyone to cor-
roborate it, including Paul and Bill Fickinger. So this might be
simply incorrect and since I did not participate in the march, I
don’t have my own recollection to fall back upon.

Paul helped recruit Bob Brown, whom he knew from their times on the
East Coast, following a suggestion from Leonard Kisslinger. At some
point, Paul’s very broad interests were shifting to subjects outside of
physics and he went on to new successes pursuing them [4].

• Carl Shakin [d. 2016]: Arrangements for his appointment in 1970 as
Associate Professor with tenure were made while I was on leave, I
believe, or shortly afterwards. Nonetheless, he appeared on the scene
without preamble from my perspective. His previous faculty position
was at MIT and both he and Roy had in common their times there and
each with an important collaboration with the late Arthur Kerman
that was completed just before starting their appointments here [23,
63]. Although, Carl and Roy eventually got along famously, the start
of their relationship was a bit rocky. Indeed, I first learned of this and
his arrival from an agitated Roy who swooped into my temporary office
on the first floor shortly after Carl appeared on the scene. That office
was in the complex occupied by the van de Graaf faculty and their
charges and I had moved there awaiting to go to 204 after Carl moved
into my former third-floor office.

Our only collaboration together [41] was also a bit rocky and did not
lead to any further participation by me in any joint projects. That
paper did apply some of the projection-operator techniques that Carl
was very familiar with to analyze the proposals of the Baranger et al.
theorists at MIT about the off-shell amplitudes for the scattering of
two-equal-mass particles. This abundance of MIT associations among
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many of the principals connected to this project suggested a semi-
serious strategy to me, because Carl and Roy seemed uncertain about
the candidates who had applied, for choosing the postdoc that was to
be assigned to work with them: I suggested somebody from a paper
on a preprint list with a title not too disconnected from their interests,
and who was an MIT PhD. They reached out, the candidate eventually
came, and it worked out wonderfully, beyond anything that I could have
anticipated.

Carl was promoted to Professor during the 1973-74 academic year while
he was on leave at Brooklyn College, but he resigned from CWRU and
the collaboration with Roy ended.

• Robert Brown: I participated with Paul Kantor in interviewing Bob
when he came to Cleveland on very short notice. After outlining his re-
search program on the board outside Paul’s 3rd floor office, I remarked
to Paul that “. . . he certainly sounds like a real particle physicist”, for
not only did he talk about a range of topics from Regge theory to
QED and his calculations involving the weak bosons, he spoke about
them extremely well, pitched quite accurately to our levels, a precursor
to his future teaching accomplishments. Bob was appointed Assistant
Professor in 1970 near the end of the Period and the beginning of his
certifiably distinguished career at CWRU that is described in great
detail in WF [4] up until about 2005; later than that I leave to him.

• Harvey Leff: He and I share, besides a midwestern accent, a common
city of birth on the same day of the year, the same school for our BS
degrees in Physics, albeit, five years apart, and an initial Assistant
Professor post at CIT. He obtained his PhD at Iowa State under Max
Dresden, who also had a connection with one of our postdocs, namely,
Dick Fong.

Harvey was supported on the AEC contract initially as a postdoc in
connection with his interests in the statistical theory of nuclear energy
levels [64] and then as a faculty member. Later he was wholly interested
in statistical and condensed-matter physics, rather than its applications
in nuclear physics, but he was a fellow occupant of the IPS and con-
tributed enormously to the scientific spirit and camaraderie among the
junior faculty there. He and his wife were also part of the active social
scene of the sixties.
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He had an excellent reputation in teaching, particularly for his Kittel-
level junior course in thermal physics. In those days there was little
segregation in the in-house theoretical seminars in the Miller room, a
spirit warmly encouraged by Les Foldy. I remember several of Harvey’s
talks very well, especially when I drifted into thermal physics after
he left. Indeed, with special poignancy, this “drift” was enhanced by
a teaching assignment to that very course of his that became open
because of his departure that, unfortunately, occurred at the onset of
a bear market for jobs in Physics.

• Michael Coopersmith: Mike was my best friend for a time, but de-
spite this the question of his research funding never came up in our
conversations. Apparently he was not supported on the AEC contract.
Although I have not made an exhaustive check of his publications while
he was at CWRU, the ones that I have looked at have no acknowledge-
ments for funding [65]. It is possible that initially he had 12 month
appointments as all the CIT people had.

Mike had many intense interactions with Les and me that were rele-
vant to contemporary fashions in particle theory. In the various pre-
Wilsonian approaches by Griffths, Kadanoff, and others to critical phe-
nomena, his highly original methods shared a unique methodology with
the then fashionable S-matrix theory, which connects him to our con-
siderations of subatomic theory. In particular, he had highly interactive
one-on-one discussions with Foldy concerning his investigations using
algebraic functions [65]. I had the feeling from his postmortems of these
head-to-head meetings that Mike might have stepped over the red line
of decorum with Les and violated Roy Thaler’s Dictum: “One thing
that Les will not forgive is being patronized.” Some years later, Les
dropped a comment, in a conversation with me that somehow circled
back to these times, referring to Mike as “such a person,” which seemed
to affirm that is exactly what happened.

Anyway, Mike’s papers were among the most creative that I had seen
proposed up to that time at CIT/CWRU. They were much in the spirit,
as well as the fact, of the sort of S-matrix theory being actively pur-
sued at the time by the particle physics community. Indeed many of
our discussions together, and which he sometimes acknowledged in his
papers, centered around the ideas of analyticity, in his case of the free
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energy, and referred, however indirectly, to concepts such as Regge
poles. They were inspiring to me as well as preparing me for my inter-
actions with his PhD advisor Robert Brout during my stay in Leuven
[5], as well as letting me in on the gossip and such of the statistical
mechanics community that one usually only picks up by working in the
field. While Mike’s ideas on critical phenomena were not as fruitful as
they seemed at first, some of this work has been immortalized by being
cited early on, with the sine qua non of a name association, in an in-
fluential monograph by Stanley [66] and later on in various textbooks,
e.g., [67].

Given the daily occurrence of our conversations, typically while having
our bag lunches, it is consistent with some of the previous observations
in this document to remark that the talk and the eating always took
place in my office in the IPS. Mike had the great view and the sink, but
I had the space for an extra chair. The proximity of that sink, however,
provided a source of the facilitating ingredient and a convenient location
for our inevitable migration into drip-brewed artisanal coffees, rather
than the Physics Department Van Roy-like-service stuff dispensed from
a big spigotted urn. In the early, primitive stages of our setup Mike
requisitioned a dented aluminum sauce pot from the kitchen midden
people called the Demonstration Equipment Room for lectures in 301.
One day this led to one of our senior solid-state experimenters, just
before he was actually going to give one of those demonstrations, on
who knows what, into a high-decibel shouting match with Mike about
the fate of this precious “pot,” which was not in its customary, reserved
spot. I can’t recall just how the absence of the pot was so quickly traced
to us, but to his credit Mike immediately owned up to the theft, but
then he progressed to what was not exactly consummate diplomacy. We
found other more elegant vessels for water transport and the Professor
left shortly after the CIT and WRU Departments merged for reasons
that I was given to understand had nothing to do with the tempest
over the “pot.”

Mike also provided me, in several installations, with some inspiring
background on the creation of the book by his brother-in-law, Stuart
Rice, and his collaborator Peter Gray on classical fluids [68]. Mike sat
in the back of the car accompanying them on one of their working road
trips, which he characterized as the most serious professional exchanges
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that he had ever heard. Mike might have said where they were going
and why, but I don’t remember. It was from these stories, embellished
with clear technical detail that I first heard anything about cumulants,
the virial expansion, and the fugacity, given the fact that the sole sta-
tistical mechanics course that I had taken up to that point was taught
by an experimentalist with expertise in ultra-sound. Even more sig-
nificantly, I also acquired the motivation to look at the book itself, a
monograph that could only warm the heart of a formalist like me and
was useful and is cited in later endeavors with Wayne Polyzou and Joe
Redish [69].

PostDocs:
Generally, postdocs were appointed then, and perhaps predominantly even
now, with the primary objective of working closely with one of the senior
faculty and a secondary one of interacting and possibly collaborating with
others, including junior faculty. Except near the very end of the Period the
selection of these people, who were all male, happened unbeknownst to me.
It is possible that there were other people here at the time than are listed
next, and so slip by default from the scope of a memoir.

• Victor Madsen: He is mentioned in reference to Bilhorn et al. [14], but
I had no meaningful scientific exchanges with him.

• Kenneth Lassila: He came in 1961 and overlapped with me in 1962-
63. He then obtained an appointment at Iowa State and is now an
Emeritus Professor there. Before coming to CIT he was a student with
Gregory Breit’s group ]70] and thus connected from the start with Roy,
if not institutionally, then by the fact that the then well-known Yale
nucleon-nucleon potential [71] was a refined version of Gammel-Thaler.
Ken-Ken interactions took place primarily going to and coming from
Tomlinson for lunch, but I cannot recall any specifics except that Ken
was most pleasant conversationalist.

• Richard Fong [d. 2016]: Dick and his wife Odile and my family were
good friends during their time in Cleveland. Later, when he got older,
that relationship grew to include their son William too. As these things
often go, the major facilitating factor was the immediate bonding that
was initiated at a first meeting between Odile and Audrey, one French
and the other fluent in it, at a Physics Department picnic at what we
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called the Case Farm in Hunting Valley. It took a while before Dick
and I started to talk about Physics in any depth and not at that picnic.

Dick came from a postdoc at Iowa State to another one at CIT. He
was supported by the nuclear AEC contract, although he really had
little interest in nuclear physics. In fact, his PhD research at Maryland
led to a co-authorship with Joe Sucher on one of the standard works in
what is referred to as relativistic direct-interaction theory concerning its
applicability to scattering theory [72]. Given Les’ interest and seminal
contribution [25] to such theories I was surprised that Dick seemed to
have such a difficult time in attempting to interact with him on this or,
apparently, anything else that would lead to the two of them working
together. Subsequent papers in this area cite both Les’ and Dick’s
papers so that they, eventually, were drawn together in being associated
with the evolution of the field, but not at that time. Nonetheless, given
the prevailing protocols concerning postdocs, I just assumed that Dick
worked for Les and it would not be politic to butt in on this.

The upshot was that, even after the communication afforded by the
proximity of our adjoining windowless 3rd-floor offices in “new,” or
cinderblock, Rockefeller for the 1964-65 and 1965-66 academic years, it
took a very long time for me to realize that Dick was open and free to
suggestions for things to work on. Relevant to this circumstance was the
fact that Bill and Roy seemed disinterested in him as well. Anyway, the
frequency of our conversations contributed to his completing a problem
on time-delay in multichannel collisions and the resulting paper [73]
contains acknowledgements to Les and me.

A paper [74] by Dick just before he came to CIT also acknowledges Max
Dresden, who advised Harvey Leff, for discussions. This connection to
the polymath Max led to a fabulous dinner at the Fong’s in his honor.
I am not sure that I was actually aware of that paper back then, but its
subject matter involving the relationship between scattering theory as
formulated in quantum mechanics and relativistic quantum field theory
is consistent with what I recall Dick’s easy familiarity with the concepts
and techniques of collision theory in both realms.

At the end of his appointment Dick moved on to a faculty position at
Durham University. Eventually, he became very active in starting the
observational cosmology research group there and subsequently became
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better known in the astronomy rather than in the theoretical physics
community.

• William Rolnick: As far as I perceived, Bill worked solely with Roy
while he was here with essentially no interaction with anyone else. I
can’t even remember where his office was located and if I was ever in
it or he in mine. Whatever, at the time our interests seemed to lie in
disjoint spaces [75]. He moved to Detroit at the end of his appointment
to a faculty position at Wayne State and he remained there for the rest
of his career.

• Porter Johnson: He was a Case Physics BS who then was trained at
Princeton as a dispersion/S-matrix theorist. Porter had no discernible
interests in nuclear physics and seemed frustrated by Les’ disinterest
in either modern S-matrix techniques or in quantum field theory, so he
found a more compatible relationship with Paul Kantor with whom he
shared the same PhD advisor in Sam Trieman. Porter held a postdoc
position here for the two years, 1967-69, and produced several pub-
lications in high-energy scattering and particle physics [76]. He then
took a faculty position at IIT and held that position until retiring as
Professor Emeritus in 2008; in between, he served for a time as Chair
of that Physics Department.

• Jerry Pietenpol: More mysteriously to me than most, Jerry seemed to
just quietly materialize one day. He worked solely with Paul Kantor
while he was here and when we conversed, typically, it was all three of
us together. Invariably, he always impressed me as knowing far more
than he let on in these discussions. He followed me, a year or two
later, at Leuven [5]; I am not aware of the nature of his appointment.
Eventually, he became interested in computer graphics and went on to
Maryville College, although I am not sure about the order of these two
initiatives.

• Vinod Prakash Gautam: He and his wife were very friendly in an ex-
ceptionally courtly and dignified manner. In various ways, through
generations of computer technology, he has stayed in touch, if only
minimally in spite of the fact that we really had very little scientific in-
teraction. My impression at the time was that his principal interaction
was with Les Foldy, but the only publication of his from CWRU that
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I have found bears the name of a different co-author [77]. I doubt if I
was aware of this at the time, but Vinod earned his PhD from Allah-
bad University and while he was at CWRU it was as an NSF Research
Participant on leave from the Theoretical Physics Department of the
Indian Association of the Cultivation of Science, where he eventually
became a Professor and Head.

• J.Tim Londergan: Tim was an Oxford PhD who studied under Richard
Dalitz. Consequently, when they were still processing the papers from
their research together, Dalitz was a frequent visitor to Case for a num-
ber of years. Tim had one of the windowless offices in the hallowed for-
mer Kowalski/Fong complex that is situated next to the 3rd floor Men’s
Room, so saw a lot of Dalitz coming and going, but never spoke to him
and never worked up the courage to tell him about my coming off the
bench to give my 1969 talk in Brussels in his stead [5]. Otherwise, Tim
worked mainly with Roy and after his postdoc appointment moved onto
a faculty position at Indiana University. Tim and Steve Pieper were
good friends during the times of their postdoc appointments; this and
Tim’s natural good-nature always made our contacts very friendly, but
he and I never had any non-trivial scientific interactions. Nonetheless,
Tim is inseparable in my memories from the charming story he told at
the Pieper’s one evening of how he sold his vintage Morgan sports car
when he was in England to some aristocratic type who wanted one for
his son.

• Steven Pieper: Steve was the only postdoc in the Period that I was
permitted under the auspices of the AEC contract to recruit and could
expect to “work with/for me,” at least initially. By the end of his two-
year appointment he worked on related problems by himself or with
other people. He then moved to the Physics Division at the Argonne
National Laboratory and headed the Theory Division there for a while,
and won the APS Bonner Prize in 2010 for his work in calculating the
bound-states of light nuclei using the modern descendants of the old
Gammel-Thaler potential.

Steve’s exceptional computational skills and his previous work for his
doctorate at the University of Illinois on three-particle scattering [78]
were the attributes that fed into the projects that I was working on at
the time. Among the most pressing of these projects was the re-analysis
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of a calculation of nucleon-deuteron elastic scattering observables, par-
ticularly the nucleon polarization, that I had co-authored with Jeffery
Krauss [79]. We went on to develop new approximation techniques and
use them for calculations of various aspects of three-nucleon scatter-
ing [80, 81]. Afterwards, Steve worked on some problems with other
members of the nuclear group prior to his moving to Argonne.

• KLK: Les and I worked together only once during my first year as a
postdoc in an attempt to formulate what I seem to remember as a
crossed-channel partial-wave expansion resulting from an attempt to
apply arguments similar to those of his with Ronald Peierls [42] on the
expression of two-particle to two-particle scattering amplitudes in terms
of exchange amplitudes by means of crossing matrices associated with
compact groups, to wit SU(2), isospin, to the symmetries described
by means of non-compact groups, namely, Lorentz and Poincaré. It
was in this context that Les suggested the use of “rapidity” as a useful
kinematic variable in our considerations, which I had never exploited
before. He only said it once in relation to a choice of an appropriate
kinematic variable, but I never forget the impact on me: “. . . maybe
its the rapidity” and perhaps, if looked at properly, it is. My main
contribution to this project was to come up quickly with what I thought
was a cogent argument to convince Les to drop it. This was hard and
I spent most of the night on it before our final conversation on the
project. I thought that he never took it up again nor have I ever seen
any papers that did. However, I was recently reminded that in the AEC
progress report for that year [82] Les wrote that G.C. Wick “indicated”
“. . . that no results of interest seem to appear”, which brought back
my memories of the relief at being supported in my conclusion by he of
Wick’s Theorem, but also recalling my vague disappointment over the
lack of credit for what I thought was a clean kill. Nevertheless, this did
mark the end of any meaningful collaboration, although not interaction,
between us. Otherwise, my single postdoc year was spent largely in
processing the papers that were the result of my thesis research, having
lots of conversations with Roy, trying to pick up some new lines of
research, and, at the end, preparing for teaching during the next year
after I was promoted.

In the sense that the AEC-contract postdocs were indentured, then
I was Roy’s guy since he by far, spent the most time with me, had
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the most conversations with me, introduced me to the most people,
and most obviously supported me in moving up the ladder, but I never
really “worked for him” and ultimately I think that it turned out better
for both of us and the theory program that way.

7.1.3 Graduate Students

On pp. 313-334 of WF [4] there is a listing of PhD students with the titles of
their theses and the names of their advisors, which provides a comprehensive
reference to the interval of time of interest to us.

In the matter of supervising graduate students in subatomic theory, Les
stood out by far in the number of students and in the quality of their work
among the three relevant senior faculty. Generally, he co-authored papers
with his students and in quantity that is in stark contrast with the number
of his papers co-authored with others, or the number that Bill and Roy co-
authored with their students.

In my perception, and my own personal experiences, many of the rela-
tively few students during the Period who were really interested in nuclear
or particle theory gravitated to Les. In the one instance that I know about
in detail, basically Les asked me to work with Herb Kottler while he was on
leave at CERN in 1963-64. Herb and I wrote a couple of papers [83] that
were of some interest to the nuclear community at the time and that were
subjects of his MS thesis [84]. Once Les returned from Europe, however,
Herb went onto his research for his PhD with him and that produced several
papers [45, 85, 86] on particle physics. Herb came back to Cleveland from
his position as associate director of the MIT Lincoln Laboratory to attend
the FoldyFest, which was the last time that I spoke to him before he died
two years later at 62.

It was difficult for me to know about how Les felt about advising gradu-
ate students, but my impression is that he liked doing it for various reasons
and his students seemed to be devoted to him throughout the process and
long afterwards. Typically, I found out about what students were working on
only from reading our AEC progress reports. Our group’s organization gave
very little opportunity for student talks where their progress could be moni-
tored by others. The same remarks about the graduate-student information-
isolation bubbles ring true for Bill and Roy’s students too. This was not
unusual at the time, but after the Period, and now in most Departments,
there is much less in the way of isolating practices.
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Roy had a surfeit of students to supervise early on, but most of these
slipped between his fingers into other endeavors. In 1963-64 he muttered
about taking care of 12 of them, but that became less of a problem later.

Bill typically took on one or two students and worked with them closely
until they completed their dissertations.

Besides Herb Kottler, the only other graduate student at CIT/CWRU
that I worked with at length during this time was Jeffery Krauss after my
return from Leuven, where I had written a paper with a Belgian gradu-
ate student Désiré Bollé [87]. The work that Jeff and I did together led to
three publications [79, 88 ] that were components of his PhD work. Our cal-
culations of various spin observables in low-energy elastic nucleon-deuteron
scattering inspired a lot of subsequent work, particularly the investigations
with Steve Pieper [80, 81], that tried to sort out what appeared to be their
success given the approximations that were made. Our earlier paper on mul-
tichannel scattering [88] was untroubled by any numerical difficulties, but,
probably as a legacy of appearing in a journal that was then growing less
avant-garde, its generalization of a technique for singularity removal was cre-
ated anew several times by different groups over the next couple of decades
without attribution by them either to Jeff and me or to each other [22]. So,
in perspective, Jeff’s work was influential in leading, however indirectly, to
several productive strains of inquiry. Jeff went to Bellcom Inc. in Washing-
ton, DC, after receiving his degree and thereafter has pursued a career in
technology on pathways that evolved from that initial position.

7.1.4 Phenomenology and Computing

Although he had several papers that not only were published in the Journal
of Mathematical Physics [14, 89], but also merited the name, Les’ investiga-
tions were always very well-motivated physically and frequently important
conclusions were drawn without extensive numerical calculations. He was no
formalist. One thing he also was not, however, was a computational physi-
cist, whether by design, distaste, or inability I was never entirely sure, but
he was not a “numbers guy.” This limited the comparisons that he could
make between the consequences of the mathematical models of his own or of
others and appropriate experimental results. It was left to others, especially
his students and collaborators, to exploit his techniques.

This was in stark contrast to both Bill and Roy who were among the
forefront in computational work using electronic computers before it became
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fashionable and the implementing devices reduced in size and price, but
greatly increased in their power. At the onset of the Period, Roy made a
great effort to slant his research away from the computationally intensive,
a trend that began with the famous KMT paper [23]. Ultimately, he suc-
ceeded in doing this mainly with the help of the late Carl Shakin, who was
the last nuclear theorist hired to a tenure-track position by the Department,
and with a number of productive postdocs and other collaborators, but this
was after the end of the Period. Long term, at the twilight of his career, Roy
would return to his roots, at least to the extent of supervising large-scale
computing projects [4]. During his halcyon days at Yale and Los Alamos,
its hard to determine exactly how computationally engaged Roy was in some
approximation of the modern sense. I have found one example of some specif-
ically vectored considerations [90], along with some ambiguous attributions
[91] concerning Roy’s points of engagement in the nitty gritty of programing
in those primitive days, but that leaves no ambiguity as to the importance
of the Gammel-Thaler potential as input into the historic computations of
nuclear matter in Brueckner theory.

Bill always maintained a balance between computation and formalism
and had consistent successes in pursuing both. In modern practice, func-
tional, or path integration, embodies the two styles and Bill seems to be
the only one of the BLR trio to consider this way of formulating quantum
theory in his early paper [92] that scored another rare citation by Faddeev
in a famous set of notes [93]. He also explored alternative formalisms with
respect to their computational facility in the new, and very general, class
of connected-kernel integral equations for multiparticle collisions, the Kouri-
Levin-Tobocman equations [22], that are associated with his name.

Of the three senior faculty, it would appear that at the time only Bill
was operative throughout in the drudgery of computing as it was practiced
then, and it was only Bill who would speak of computational strategies and
results in his conversations and his seminar presentations. Only on Bill’s
desk do I ever recall seeing the canonical big-sheet, perforated, continuous-
roll printouts. Nonetheless, however practiced, this was the prehistory of
modern computing techniques and, especially, technology and where there
was no computational equipment, save, possibly, a slide rule, on anybody’s
desk, briefcase, or pocket. It was a radically different era.
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7.1.5 Publications

Bill, Les, and Roy each had long lists of publications in various professional
journals over the full timelines of their careers. Each had at least one highly
cited “classic.” A distinguishing feature among the three is that Foldy never
authored a book on any subject, although he apparently left drafts of some
in the papers that were passed onto the Department after his demise. The
reasons he had for this are unclear to me at least. One might conjecture
that this is was because of his diverse interests so that an insufficient oeuvre
on any single topic had been built up to motivate a monograph. Another
common venue, a textbook based upon lecture notes, did not seem to appeal
to him either despite his revered status as a teacher in the classroom. In
the days when some instructors placed copies of their lecture notes in the
Departmental library, I enjoyed perusing his clearly written notes, but they
did not seem to indicate any intent or desire to put them in shape for publi-
cation. Also, in my opinion, his notes did not carry the appeal of his logically
flowing oral presentations.

On more than one occasion he expressed to me, for him, given his cus-
tomary serene neutrality, a startling hostility to the whole idea of writing a
book and the egotism that he stated that it reflected, I don’t think unaware
of the fact that three of his immediate colleagues had already done so [22,
94, 95], others in the Department, as well as most famously [96], a former
collaborator [97], David Bohm. Most of these uncharacteristic comments,
and certainly those connected to my book [22], were well after Les retired
and might have been side effects of the illness that was overtaking him, or he
simply might have been having a bad time with one of those drafts, catching
a common affliction often picked up while creating books.

7.1.6 The WRU Theorists

Since I was hired by CIT and I have channeled my thoughts by the clustering
brought about the AEC contract, this would seem to exclude the WRU
theorists who were in place before the federation of the two universities.
All of the nuclear and particle theorists of this group had left by mid-1969,
but there were several important instances of interaction. Without question
Les had the most interactions and friends among the WRU people, Roy the
least, and the extent of Bill’s interactions, perhaps, somewhere in between.
Whatever, there seem to have been no meaningful inter-institutional research
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collaborations.

• Gerald E. Tauber: I once said hello to him, the first WRU theorist
[4], who initially worked in nuclear physics, in his Millis office on a
walk over with Roy to get acquainted a bit before federation. He never
stood up to shake hands so that image of him planted at his desk chair
remains permanently etched in my memory. It seems that he went
abroad and then resigned from the university in the late sixties.

• Joseph W. Weinberg [d. 2002]: He and I had lots of interactions under
a variety of circumstances. Judging from the dissertation titles of two
of his students in 1968 [4] he appeared to be more particle than nuclear
theorist, but he had an eclectic background. Joe and I co-chaired the
newly merged Department’s Committee for the graduate Qualifying
Examination and through this we became very familiar with one an-
other. He was a source of numerous interesting personal details about
his friend during his Berkeley days, Julian Schwinger, a friendship that
led to a visit by Schwinger, whom I met for the first time at a party
in his honor at Joe’s house. During an informal morning coffee break
around the conference table in the Miller room, the next day I be-
lieve, someone asked Schwinger for a rationale of his then evolving and
highly controversial Source Theory [40]. What we got as an answer was
a compelling stand-up lecture for the rest of the day, interrupted only
by lunch, entirely spontaneous without notes or aids of any kind, about
his new obsession. I don’t recall Les’ reactions, or anybody else’s for
that matter, except that John Rix became quite excited and seemed
all but ready to drop everything immediately to work on it. John did
not, nor, largely, did anyone else, here or in most of the wider physics
community.

Although it was exhausting keeping up with Joe and his facile intellect
in negotiating the philosophy and format of the exam for the new,
merged, Department, I think that I held my own even when cast in
the unfamiliar role of trying to put together an exam that the faculty,
especially the former CIT people, would approve and that at least one
of our graduate students could pass.

• Paul Zilsel [d. 2006]: Even though Paul spent most of his career doing
condensed-matter and statistical physics, his PhD was in low-energy
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nuclear theory under the infamous Gregory Breit [4]. While it would
seem that Roy Thaler and Paul did not overlap at Yale, they had some
sort of relationship via Breit. Politically Paul and Roy impressed me
as being light-years apart. Roy never tired of speaking to the delicious
irony of Paul’s membership in Breit’s group, since Roy identified, cor-
rectly or not, Breit as “. . . the nation’s first nuclear security officer.”
Generally, I found Paul to be a warm, clear-headed physicist, but I
always knew when he was upset about something because he would
mooch a cigarette from me instead of indulging in his customary pipe.

He regularly attended our informal theoretical seminars even early on
before the federation. In once such instance, which had to be at some
time in the mid-sixties, I was presenting my take on the latest results
on CP violation in the decays of the K0-K̄0 system. Les and I got into
a spirited discussion about the consistency of the my choice of phase
conventions among the various decay amplitudes. This went on for a
while and everyone but Les, Paul, and me had drifted out into the late
afternoon. Finally, Paul simply said with such confidence that “Les is
right” that I stopped right there. Later that evening, after dinner, I
rechecked my notes and, indeed, Les certainly was “right” and Paul as
well for asserting so.

• Amit Goswami: I don’t think that I ever had a conversation with him
for I only recall his name coming up when Roy was relating to me the
details of the demographic evolution that occurred while I was in Eu-
rope. His research interests [4] were purely in nuclear structure physics
and of little interest to me. He went on to a faculty position and a long
career at the University of Oregon and among other accomplishments
wrote a text on quantum mechanics [98].

• Herman Chew: Herman was another Dalitz student, but at Chicago not
Oxford like Tim Londergan. His interests were mainly in the hadronic
physics as practiced in the flavor-symmetry era. He seemed unhappy
with things here for reasons unclear to me and moved to the Clarkson
College of Technology. My only interaction with him was once having
a coffee together, along with someone else whom I don’t remember,
in the old Eldred greasy spoon. He left me with an impression of
an articulate, although terse, well-dressed, and well-groomed young
theorist of an appearance that existed in academic physics only in that
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small sliver of time, and who was quite incongruous amid the seedy
surroundings, and I felt barely tolerant of me.

• Leonard Kisslinger: He was the first person from either CIT or WRU
whom I heard give a talk at APS meeting well before 1962. My next
encounter, apart from his frequent 10 minute talks at APS meetings,
some years later was on a get-acquainted tour with Roy, maybe the
same as the one that involved Tauber. We went to the Millis building a
structure that had an external look that reminded me of the newer high-
rise Howard Johnson motels of that era. I recall that his very nice office
there had a great view of the little park in front of the main entrance to
Lakeside Hospital and Leonard gesturing in that direction in reference
to the Medical School in a bragging sort of way that certainly makes
it me think it was before the two universities were federated. He had
reasons to be proud, among them a bright modern building with central
air, but that last feature came at the price of a noisy unit on the roof
that sounds like the landing approach of an old 747, and corridors with
polished stone floors in stark contrast to the archaic Rockefeller pile
with its steam-heat radiators, varnished wooden flooring, and unevenly
distributed cooling, albeit with the clatter localized in our offices. Upon
entering Millis for the first time I was impressed by the number of
purposeful people running around in white lab coats, mainly chemists
I learned eventually, rather than physicists. Who could have guessed
then, just from appearances, rather than a rational analysis, that the
WRU Physics Department would essentially be totally liquidated and
exiled from Millis in just a few years. Roughly the reverse diaspora
happened with the respective chemistry departments.

Not long after Leonard Kisslinger returned from leave at MIT his stu-
dent, Richard Thompson, submitted his PhD thesis, A Relativistic Two
Body Theory. The examining committee included Paul Kantor and me.
Les Foldy sat in out of interest. The event was unique in my experi-
ence in its initiation from the WRU side, as it were. It was also unique
among other graduate-student works in that Richard was able to ex-
ploit my off-shell techniques [99] in his dissertation and in subsequent
publications [100, 101] that appeared after he moved to a postdoc po-
sition at the University of Florida.

Leonard was a pioneer of what became known as intermediate-energy
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nuclear physics with his pion-nucleus optical-model potential, the Kisslinger
Potential [102, 103], a development that became quite fashionable after
he moved to Carnegie-Mellon.

Without question Leonard was the most successful of the old coterie of
WRU theorists. Indicative of that success, unlike his former colleagues
he maintained contacts with the CWRU Department and visited many
times to give talks and renew friendships.

• Stefan Machlup [d. 2008]: Stefan holds a distinct place in the pantheon
of WRU theorists in all areas [4]: He was the only one to survive the
almost total mass extinction of WRU theory following the merger of
the two Physics Departments. This was very close to totality since
Stefan did little research after co-authoring the important Onsager-
Machup and Machup-Onsager papers in the 1950’s [104], but instead
devoted most of his energies to teaching and writing a textbook [105]
arising from that experience. The techniques introduced in those well-
cited papers with Onsager, such as the Onsager-Machup functional,
have applications in subatomic physics and the functional formalisms
of thermal field theories, whatever their original purpose [106].

Stefan certainly did his best to contribute to the Departmental collo-
quia and seminars irrespective of subject, most frequently insisting with
his clarion calls that the speaker turn it up “Louder” or by statements,
usually, or asking questions that always were certain to shatter the te-
dium, if nothing else. His style reminded me vaguely of some of the
gratuitous quips during Parliament’s Questions to the Prime Minister
and, more often than not, were refreshing compared to the soporific,
albeit diplomatic, habits of some of his colleagues. Of all of these vi-
gnettes, I remember most distinctly Stefan’s ringing “thank God” in
connection with Bj’s FoldyFest talk in response to a remark about the
appearance of the two Bjorken and Drell textbooks [11] when there
was a dearth of worthy competitors, to a response of stone-cold silence
from everyone, including a nonplussed Bj, for a discernible interval. In
any case, nothing seemed to discourage him in his under-appreciated
efforts to promote communication and collegiality. He nearly always
had a smile, even in the face of circumstances that most of us would
not take to very kindly.
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7.2 Snippets of things that I remember about things
that I said at FoldyFest:

I had one bullet-pointed transparency that enumerated some impressions of
CIT in 1962 and 1963. The last item on the list: “Fred Reines Chair”. Here
are some of the other points that I can recall and are not too redundant with
other items in the present document:

• Smoking everywhere, despite signs prohibiting it in classrooms.

• Les and I both smoked then and we both shared cigarettes when one
or the other was a bit low. In stand-up backboard conversations, es-
pecially, Les would punctuate significant breaks in his thoughts, or at
the appearance of a new question, by patting his shirt’s breast pocket.
If he still had cigarettes left, he would offer me one and pull out one
for himself. We lit them with whatever ignition device was available.
[This was a social and psychodynamic ritual that I did not share with
either Bill or Roy and one he may have picked up from his Oppenheimer
days.]

• Virtually no females anywhere except for the Departmental secretaries.
[In her recent memoir [107], Mary K. Gaillard included some of her
impressions of CIT just before the Period from the perspective of a
part-time female student.]

• “In honor of the time period I am talking about . . . , I showed up in
uniform”: Sport coats, shirts and ties for the professors, not so much
the postdocs or students though. [I did not feature, however, then or
in 2000, the wing-tipped shoes, albeit unpolished, that many of the
faculty, from Reines on down, seemed to be wearing in 1962.]

• New Rockefeller: “. . . subway-tile decor in the halls with cinder-block
walls in the offices.”

• Remark about the vacuum-exchange-dominance papers: “One of the
few rigorous theorems relating to the Pomeron, published in Nuovo
Cimento [43] when it was a good journal.”
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7.3 Professor Morse

I have found that the few errors in Bill Fickinger’s excellent history [4] tend
to be of omission rather than commission, often out of a concern for space
rather than unawareness. An interesting instance whose consideration might
have been digressive is the matter of Robert W. Morse. He was the fifth
and last President of CIT from September 1966 until June 1967 and then
the first President of CWRU until 1971. More to the point, according to the
University Archives he was initially also appointed as a Professor of Physics
at CIT, and likely remained one until he left, with a what might have been
called, before the honorific became overused, a distinguished career in Physics
[108] and in government, that neatly fits within our slice of time.

Bob Morse was Chair of the Physics Department at Brown during my last
few years there and at some point taught the course in statistical mechanics
that I took using the unusual text by ter Haar [109]. The theoretical aspects
of the course were not its strong suit, a minimal coherence of the underlying
ideas was further diluted by the required presentations of each of the students
in the class that comprised part of the syllabus. Fortunately, like many
students, a poor course experience did not discourage me from later research
in and teaching about this fascinating use of probabilistic concepts.

My first, and, alas, the last, personal encounter with Morse after I had
left Brown was at a reception in Tomlinson that was in some way connected
to his initial inauguration. I had just stepped up from the entrance, accom-
panied by Roy Thaler, onto the main floor when he greeted me with a hardy
“. . . the last time I saw you we had the same boss,” viz., David Feldman; the
background for that would be a story in itself. While I had no further close-
up contacts with Morse, his subsequent administrative moves were quickly
felt, the most memorable was the switch from 12-month to 9-month salaries.
In one of those “you remember where you were experiences,” I vividly recall
Mike Coopersmith careening into my office for our lunch that day and pro-
claiming that “I was going to get the biggest raise of my life.” It took me
a while to process this, especially the significance of the magic 2/9 fraction,
and then experiencing the relief in finding out that the AEC contract had
some of us covered. It was my understanding that Les’ Institute Professor
appointment was set up to be a 12-month thing permanently, so I don’t know
how this played out for him and never bothered to look back on the contrac-
tual arrangements for times before 1971 when I later had the opportunity to
do so.
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Roy viewed Morse’s appointment with what appeared to me mixed emo-
tions, despite the Old Home Week aspects of the matter. He, of course, knew
Morse from his own connections to Brown, particularly to Art Williams. So
there was great familiarity, but nothing obviously more than that.

The Physics and Applied Math Departments at Brown were important
centers of experimental and theoretical acoustical research then. With his use
of ultra-sound techniques to make decisive measurements [108] in support of
the newly proposed BCS theory Morse had taken this somewhat backwater
area of physics research right up to the most exciting area of materials studies
at the time and, also brought a superconductivity connection to CIT that had
been lacking hitherto, in contrast to WRU. Certainly Les Foldy’s work [10]
was well-known among the acoustical people in each of the two Departments
at Brown, but I never recall Les, or any of the senior Physics CIT faculty
for that matter, having anything to say about the Morse appointment in its
purely physics aspects. I suspect that only the administrative ramifications
of Morse’s appointment were of interest to Bill Tobocman.
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7.4 Merger and Federation

Physics at CIT just prior to the merger shimmers in mind as something
that could be depicted like Gibbon’s opening description of the 80 years
of the second century that ended with the two Antonines [110], only now
compressed into a single year: 1965. There were 45 BS degrees, 22 MSs; it
was a relatively young and certainly vigorous Department, with lots of friends
and frequent parties with huge bowls of Artillery Punch, and a cornucopia
of great food; my research going well with adequate funding; 12-mo faculty
appointments; students who were well-mannered, well-groomed, and diligent;
the Browns had recently won the precursor to the Super Bowl. This also was
the year before Fred folded his tent when he had several important papers
and he hosted a cosmic-ray physics conference. A vibrant time, an oblivious
time, never quite matched, in my experience.

Given that the Department experienced nothing to equal the turmoil
following the demise of Marcus Aurelius, for many years after 1965, including
the remainder of the Period, matters were hardly quiescent:

• Merger of the Two Departments in 1966.

• Federation of the Two Universities in 1967.

• Conflicting Departmental Cultures: No rendition of the birth of the
CWRU Physics Department can be complete without some recognition
of the hostile cultures of the two originating Departments. It is roughly
accurate to characterize the prior CIT and the WRU Departments as
“conservative” and “progressive”, respectively, but there were notable
individual exceptions to these categorizations.

Many of the Case physicists were involved with the WWII war research
efforts or had served in the armed forces. Several had worked at one
of the major AEC nuclear reactor or weapons laboratories and were
hands-on experimentalists. The solid-state physicists were generally
focused towards the needs of industry concerning the properties of ma-
terials and the sharing of interests with the CIT Engineering school.

The WRU Department did not quite possess these backgrounds, but
seemed to be more academically and less technologically oriented with
a mind-set and the aspirations that went along with that. For example,
the WRU efforts in low-temperature physics fit in perfectly with what
we now more inclusively call condensed-matter physics.
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At the time of the merger it seemed to a political naif like me that the
faculty of the two Departments provided a full spectrum of political
hues from one professor who frequently lamented FDR’s various New
Deal policies to another who was allegedly a Soviet spy during WWII.
It would really be naive to ignore the effects that these differences of
viewpoints caused in the turmoil following the merger. Nothing that I
witnessed then as a denizen of this political menagerie, or afterwards,
here and elsewhere, ever provided much evidence in opposition to the
idea of a not necessarily strong correlation between the professional
competence and the political astuteness of physicists that is often con-
jectured to hold by the less scientifically sophisticated. Ultimately, the
surging turbulence of these opposing currents of viewpoints trickled off
into many weak streams of irrelevancy.
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8 AEC Contract

My main source of information about the activities of every one else in
the CIT segment of the subatomic group at the time was the annual AEC
progress report. Once quickly perused, my copies were discarded. My recol-
lections for this memoir were enhanced considerably by the unearthing, on
a 11/10/17 search for works related to one of our references [63], a progress
report to the AEC on work up to the year ending in October 31, 1970 of
the The Nuclear Laboratory of Case Institute of Technology [111]. Curiously,
this document has its cover stamped “Received by the DTIE Nov 12, 1970”
[DTIE: The Division of Technology, Industry, and Commerce is an organiza-
tional unit of the UN Environmental Program.]. Later, on 01/10/18, I found
another earlier report [82] for 1964-65, this time in response to subjects re-
lating to the shrinking of the diffraction peak. I have not been able, with
vectored searches, to unearth reports for other years, but I do know that the
last one was for 1971-72. The two reports in hand, however, are sufficient for
an accurate depiction of how things worked.

The titles of these reports indicate a broad level of support along with
the attendant political complications. Experimental and theoretical efforts
in subatomic physics were included. In addition to the nuclear-particle con-
tingent, the AEC contract provided support during its duration to some the-
orists with primary interests in thermal, statistical, and condensed-matter
physics. The financial implications of this were considerable, its administra-
tion nontrivial, and its termination, catastrophic.

One of the most painful duties that I ever saw Les compelled to carry out
was, when it was his turn, among the full Professors on the contract, to put
together the new request for continued funding. This entailed, among other
things, composing a progress report and preparing a budget that reconciles
the competing demands for funds. That is something that he might have
been forced to do with a restructuring and refunding of the theoretical group
with him as PI and he clearly gave the impression that such duties were not
something that he had signed on to do. Once the contract ended, Les never
related to me directly why he did not then submit a proposal to the NSF
until 1976. It was generally understood by many in the Department that the
ostensible reason was in protest against the Vietnam war that ended in early
1975 [4]. Perhaps other factors might have also played a role.

In the early 1970’s the NSF gathered together the nuclear theorists here
who had submitted new individual proposals into a two-year grant with a
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single PI. A separate individual award was made to the particle theorist,
Robert Brown, who had submitted his own proposal.

8.1 Comments on the 1969-70 Report

8.1.1 Personnel

• 12 Faculty including 3 experimenters, Philip Bevington, Erwin Shrader,
and Harvey Williard, and the theorists Brown, Foldy, Kantor, Kowal-
ski, Leff, Nagarajan, Shakin, Thaler, and Tobocman.

• 3 Postdocs: Tim Londergan (Thaler), Steven Pieper (Kowalski), Frank
Schmittroth (Tobocman).

• 21 Graduate Students.

• 2 Support Professionals: Van de Graaf Engineer, L.H. Hinkley; Senior
Staff Physicist, R.A. Leskovec.

Harvey Leff is included, but none of the many projects and publications that
are ascribed to him pertain directly to nuclear physics. I believe that the
rationale for the AEC support of the research in connection with Harvey’s
appointments, originally as a postdoc and then as faculty, was his earlier work
on the statistical approaches to nuclear energy levels [64]. M. Nagarajan and
Erwin Shrader are included in the report, although they had left by the end
of the reporting period.

8.1.2 Experimental Program

This program used an in-house van de Graaf machine in the basement of the
newer portion of the Rockefeller building that was used to generate few-MeV
neutron beams. Some research was carried out using the 42 MeV α-particle
fixed-energy beam from the 60 inch cyclotron at the Lewis NACA Laboratory.
Typically, analyses were carried out using DWBA codes and computational
facilities that were maintained by the late Phil Bevington.

8.2 The Earlier Report [82]

In this instance we confine ourselves to the theorists, while noting that the
total number of graduate students, in theory and experiment, was the same

54



at 21. The five faculty listed under “Personnel” in this instance were Foldy,
Kowalski, Leff, Nagarajan, and Thaler, omitting for some reason Bill Toboc-
man, although he has a number of entries describing his research projects
and publications. His Sloan Fellowship might have had something to do with
this. That year, there were only three full-time postdocs, Fong, Rix, and
Shah; Schenter is also listed, and also noted has having left, but this was
most likely a short-term appointment after receiving his PhD under Thaler’s
supervision.
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9 Connections with the Department of En-

ergy National Laboratories 1962-1971

The DOE national laboratories undoubtedly played important roles in shap-
ing the subatomic physics programs at CIT, WRU, and, finally, CWRU be-
fore, during and after the Period. Delineating the details of these influences
would certainly be interesting, but it would require more analysis beyond the
recollection of my subjective impressions, which will have to suffice.

9.1 Argonne

ANL was heir to the legacy of the Fermi “Chicago Pile” that secured its
reputation as a reactor facility, rather than a weapons lab. It has served many
scientific functions, including its role as a de facto nuclear physics research
institute for the University of Chicago. My experiences at the Laboratory
are confined to the Physics and High Energy Physics Divisions.

I spent several weeks of the summers of 1964 and 1965 with the Physics
Division that were a refreshing change from the teaching environment of
CIT. In 1964 we had our housing on site near the then new AGS 12 GeV
proton accelerator close to the HEP Division Building, 362. Audrey and
I met many of our subsequent friends there as a result, who were mostly
particle experimenters, since they and their families outnumbered everyone
else.

We were lucky to be assigned one of the suites that was in between those
of Roger and Barbara Barrett, both visiting theorists, nuclear and particle,
respectively, in the Physics Division and Harry Lipkin and his family. Harry
was well known in both nuclear and particle physics and had a perennial
visiting relationship with both Divisions from his permanent perch at the
Weitzmann. He was a close friend to both Les and Roy, to some unknown
extent to Bill, and then he sort of became mine by association, especially
through his many visits to CIT and CWRU. Harry was unique in many
respects and the attributes that I grew fond of were his habit of smoothly
continuing on with a conversation no matter how much had time elapsed
from its last installment and never forgetting my name. The 1964 visit and
the perks that we enjoyed were wholly a consequence of the weight that Roy
could exert on the Director of the Physics Division, Murray Peshkin, and,
to some degree, the resident senior theorist Fritz Coester, but I had never
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requested to go. Upon arrival I got the impression that Roy had built up
expectations about me a bit too much and everyone was disappointed with
the real thing [112, 113]. The next year, when I requested a visit, things
were a lot cooler, the stay shorter, and our accommodations off-site with no
Barrett’s, Lipkin’s, or experimenters and their families to be seen.

Roy initiated a collaboration, which initially did not include me, with
Carl Shakin and an Argonne nuclear theorist, Jim Monahan. A little later I
drifted in, off-shell as it were, and our discussions culminated in a publication
[41]. Roy maintained a working relationship with Jim for a number of years.

It seemed as if both Roy and Les were relatively close to Fritz Coester.
Fritz held Les in particularly high regard and shared with him the same
courtly manners and a serious interest in relativistic direct-interaction theo-
ries.

I cannot recall any special associations of Bill Tobocman with Argonne,
but he was certainly not unfriendly with Fritz, Harry, et al., when they visited
and they seemed to have things to share that went back before my time.

9.2 Brookhaven

This facility gave rise to a coterie among us with vibrant research efforts in
both theory and experiment with prestigious collaborators, shared experi-
ences, summer tales, spousal acquisitions, a vast circle of fellow Lab visitors
and employees, and even choral avocations, that is unique among our expo-
sures within the national network of DOE laboratories. A clique unmatched
by those in any high school lunch room, a clique forever closed to me because
I have never been to Brookhaven, nor have I collaborated, even at a distance,
with anyone there.

Fortunately, I have the limitations of a fixed interval of time and a single
persuasion of theory types. Nevertheless, in addition to the senior capos of
this benign Mafia, Foldy and Kisslinger, the two younger people, Bob Brown
and Paul Kantor, had research appointments there before coming to CWRU
and shared in being recommended to the Department by Leonard.

Foldy regularly spent summers at the Lab, but I can’t say anything about
the frequency of Leonard’s visits. Somewhere in the mid-1960’s the prevailing
word in the Department was that Les had been offered a position as the Head
of the Theory Division at Brookhaven. A corollary of this gossip was that
the Institute Professorship was the successful counteroffer that kept Les at
CIT. If so, then I think that Les played a bluff very well, but perhaps he was
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seriously considering moving.
I have no specific recollections of Bill Tobocman’s ties to Brookhaven,

except that his student Anthony Baltz went there after receiving his degree
in 1971 and pursued a successful career in nuclear theory, most notably in
heavy-ion physics. Bill did vaguely mention a particular summer visit to the
Lab. Afterwards, he spoke of his interactions with Leon Cooper there, but
I don’t know much else except that it generated a visit from Leon, whom I
knew quite well from my graduate school days, to speak about his research
on a biophysical theory of the brain. Cooper’s student, the late William
Silvert, an acquaintance of mine since his undergraduate days at Brown, was
one of the last junior WRU faculty, albeit in condensed-matter theory, hired
before the Departmental merger. I learned about his appointment only when
Silvert called me up shortly after he breezed into town to take up his post
for a few years. Much later, he started a restaurant in Portugal about the
time of the recession that started in 2008; he passed away in that country in
2011, the very last leg of his international travels [4].

The old Cosmotron at Brookhaven had a productive program in fixed-
target nucleon-nucleon and nucleon-nucleus interactions in the low-GeV proton-
beam range. This led to a number of seminars in Rockefeller 309 by some
of the experimenters who seemed to be friendly with Roy Thaler, but I do
not recall Roy having more than casual contacts with the Lab. I definitely
do not remember any visits that he might have made, especially when he
could effortlessly refresh relationships with people at the Lab by means of
his regular attendance at the signal “New York Meeting” each winter.

9.3 (Fermi) National Accelerator Laboratory

Fermilab, as it was later designated, played no role, to my knowledge, during
the Period for anything at CWRU or its two predecessor institutions except
as institutional members of MURA (Midwestern Universities Research As-
sociation) [114]. Unfortunately, this situation, particularly in experimental
physics, was to persist long afterwards.

As for theory, it was not until the fall of 1969 that a small, temporary
theory group was hired at NAL, and then largely disbanded a year or so later
[114]. Their interests and contacts with anybody at CWRU were nonexistent.
We began to hear of them as they sought jobs in a collapsing market. It
was not until after the Period that a permanent NAL theory group was
established. All of this seemed to operate in a different universe than the
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one containing the research interests of Bill, Les, and Roy and those universes
never did connect.

9.4 Lawrence Berkeley and Livermore

While there are antecedents here for some of the theorists, during the Pe-
riod only Carl Shakin regularly visited Livermore for collaborative work,
principally with Morton Weiss. Livermore is famous for its active role in
thermonuclear weaponry, but I have no idea whether Carl was involved in
any of it.

9.5 Los Alamos

LANL is distinguished historically as the quintessential nuclear weapons lab
and experiences with this program affected people in different ways. It is
certain that nuclear-theorist turned particle experimenter Fred Reines worked
in the weapons program after WWII, but Roy Thaler’s involvement is far less
clear, since he came to the Lab only long after the war ended. Both Fred
and Roy had consulting arrangements of varying lengths after they went on
to their respective university positions. As a pure nuclear theorist, who had
previously worked with an elite group at MIT, Carl Shakin was certainly
well-connected to the community of people at the Lab, but I am unaware of
any specific associations that he had with them while at CWRU during the
Period.

Of the various PhD candidates and postdocs who were at CWRU during
the Period, there is a certain irony in the fact that only Les Foldy’s student
Richard Krajcik [115] went on to work at LANL, however. I am uncertain
as to his involvement in the weapons program.

9.6 Oak Ridge

No local theorists worked at this Lab that was the previous home to the first
Chair of the federated CWRU Physics Department during the last four years
of the Period, the late Harvey Williard.
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9.7 Stanford Linear Accelerator Center (Now SLAC)

Our group of theorists was not connected to the revolutionary developments
relating to the formulation of the Standard Model of particle physics that
were taking place at SLAC late in the Period. Our various associations were
infrequent and not terribly consequential vis-à-vis the SM:

• Jacques Weyers collaborated with Foldy in Cleveland as he passed
through on his way to a postdoc at SLAC [5].

• It seems as if Les visited the Stanford Institute of Theoretical Physics,
rather than SLAC, as the meeting place in connection with the Foldy-
Walecka paper of 1969 [8]. Foldy lists CWRU as his only address on
the paper.

• I visited the SLAC Theory Group in the summer of 1970 at the in-
vitation of Pierre Noyes and co-authored a paper with Tom Osborn
[116].
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9.8 Connected and Disconnected by Citation

The connections between the European laboratory, CERN, and the AEC
have always involved exchanges of personnel, in addition to equipment and
funds. An exchange sort of this kind occurred with Les Foldy’s sabbatical at
CERN during the 1963-64 academic year, while he was on the AEC contract.
A series of papers [42, 43, 117] that he authored or co-authored around this
time provides a local example of such connections among several people at
CERN and the AEC laboratories.

In tracing the origins of some of my early research in scattering theory, I
decided to check out the fate of one of Les’ papers [117] that I had cited. To
my astonishment, as of 06/16/13, only one citation to this paper was listed
and it was one of mine [118]. Les’ address is listed as both CIT and CERN
and whatever time he began work on it, publication seemed to take place
early in his sabbatical and after his first, with his Brookhaven collaborator
Ronald Peierls [42], in the suite of “dominance-theorem” papers with various
collaborators. He then wrote another one at CERN with Amati, Stanghellini,
and Van Hove [43] a bit later in his stay that also exploited the unitarity of
the S-matrix that has attracted more notice. Indeed, I have highlighted this
last paper at all three of his birthday occasions as one of the few rigorous
results relating to the Pomeron, the shorthand name for the mechanism that
dominates the forward elastic scattering of hadrons, but at the time a object
with special characteristics in Regge-pole theory. It has been asserted since
the earliest days of S-matrix theory, not that long before the appearance
of these dominance-theorem papers, that the quantum numbers associated
with this mechanism would be those of the vacuum, in accord with the known
behaviors of exchanges modeled on Feynman diagrams, but here was a The-
orem concerning these matters, subject, of course to a few qualifications. Its
relevant to keep in mind that this was long before the discovery and develop-
ment of QCD and the various gluonic models of the Pomeron that provided
more cogent insights into the dominant mechanisms for elastic scattering.

While Les was away I tried hard to extract something interesting from
the 1964 [117] paper. All I achieved was little more than the accumulation
of a flock of theorems on positive semi-definite matrices. I never submitted
this for publication upon reflection and after some discouraging conversations
about it with Fritz Coester when I was visiting Argonne.

Interestingly, Leon Van Hove is a person of commonality in all three of
these papers, as co-author with Les on one [43], as CERN host and recipient
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of acknowledgements on another [117], and, finally, in relation to my work
[118], as the person to who first pointed out the significance of the “Overlap
Function” in characterizing multiparticle production in hadronic collisions at
very high energies [119]. In the end, I think that Les did not think much
of the 1964 [117] paper himself, since I never recall him bringing it up in
conversation after his return to Case and, evidently, he never cited the paper
himself.

One publication that Les did worry about in its lack of citations concerned
the tensor analysis appropriate to the indefinite metric associated with special
relativity [89], for I suspect that he was particularly fond of it. In 2013 I
found that it had only two citations in nearly half a century; in this instance
I feel confident that I was not one of the authors on either one of the citing
publications. Les’ periodic concerns, at least as expressed in off-hand remarks
to me, about the lack of recognition for this paper lasted at least until his
retirement and possibly until his demise.

For whatever its significance, I don’t recall Les citing any of my papers or
any of those of his two mates in the BLR acronym to the extent to which I
am aware, either formally or otherwise, e.g., in group seminars. The converse
was also true to some extent. For example, I never referred to the iconic FW
paper, nor to any of the direct-interaction papers, primarily because they
were outside the realm of my interests, and neither Bill or Roy did either,
except once when Roy let it be known to all within earshot, fresh off the
experience, that he had “just did” the FW transformation in his quantum
mechanics course. Actually, I have come to learn such intramural behavioral
quirks are more the norm than not.
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10 Notes on Reines

My description of subatomic theory during the Period would be seriously
incomplete without elaborating in more detail my interactions with Fred
Reines than I did in 2000 and more than I have up to now in describing
my various brief encounters with him. In my opinion, he was the premier
physicist of our sundry local research institutions in the 20th century, even
though the work for which he was awarded a Nobel Prize in 1995 was carried
out before he came to CIT and the bestowing of that honor took place almost
three decades after he left [120]. His departure was, in my opinion, the most
serious loss for the Physics Department since Michelson went on his way in
1889. For further background see WF’s book [4], Ch. 8, p. 81.

Fred always regarded himself as a theorist turned experimenter, and so
it is not inconsistent for me to include him. Indeed, his 1944 PhD at New
York University was in nuclear theory [121] and he first worked in Richard
Feynman’s theory group at Los Alamos during the Manhattan Project before
heading it himself. It is difficult to determine how his interests changed
during the extensive work at the laboratory on nuclear weapons that followed
the end of WWII, but without question he became an experimenter in particle
physics at the start of his productive collaboration with Cowan [4, 120].

Even though my first introduction to Fred in 1962 involved only a brief
executive summary for him of my talk earlier in the afternoon of my seminar,
he was the only one that asked the right questions that day concerning the
particular mathematical trick that I had introduced. Coincidently, since it
concerned the same issue, he was the only one among my colleagues who
offered me any advice in dealing with yet another claim of priority created
by the appearance of a paper by Pierre Noyes [122-125]. During a brief
conversation that started some evening in the fall of 1965, as we passed
through the lathes and the aura of lubricating oil in the machine shop out
the back door of Rockefeller towards the parking spaces along Morley, he said,
if not literally, then in effect, “. . . Noyes is famous, isn’t he? You should play
this very carefully.” Whether I did or not is open to question. Nevertheless,
I did get my own PRL published very quickly [99] and both Noyes and I are
generally associated together with the formalism [53].

When Les was on leave in 1963-64 and I occupied his office, Fred shot in
one day, as was his wont, and asked me why the weak coupling constant had
its particular dimensionality. I happened to be somewhat aware of the answer
relating to the mass that would come in via an putative intermediate-boson
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exchange that was buried in the coupling appearing in the Fermi effective
weak-interaction Lagrangian. He seemed satisfied with that and grunted
an acknowledgement, but offered no explicit approbation. At that time, or
maybe another, but in certainly in the same office, in response to a question
about what I was doing, which at that very moment was dreaming about
the magnitude of the neutrino-neutrino interactions as might have occurred
with some likelihood in the very early universe, as vaguely I recall, I drew
box diagrams with putative charged weak bosons on internal legs, and he
seemed very interested at first, but his excitement vanished when I could
not go much beyond the dreaming and he quickly left maybe to await the
emergence of neutral currents. For better or worse, I was drawn back into
other ongoing work and never got back to those inappropriate diagrams that
I hope were not grossly incorrect for I have no notes for the occasion.

Although it was not made entirely clear to me at the time, Reines’ initial
interest in the content of my 1962 talk derived from the fact that part of the
support for my postdoc appointment had been slated to come from an NSF
grant of his in order to do some “...Coulomb excitation” calculations,” as
Roy Thaler, who had done such calculations at Yale, related to me long after
I arrived. I never found out any more about the details of these proposed
calculations and the matter seemed to die quietly, much to my retrospective
relief.

It might be appropriate to conclude these personal reveries by noting
what could be interpreted as a hand-off from the founder of experimental
neutrino physics to a younger theorist about to try his hand at discovery
with an epic neutrino detector:

Accepting a share of the 1995 Nobel Prize in physics (Cowan died
in 1974), Reines remarked that before his and Cowan’s work, a
“big” physics experiment might use a one-liter detector. It was
their background in weapons research, suggests Francis Halzen of
the University of Wisconsin, Madison, that emboldened Reines
and Cowan to tackle such a large increase in experimental scale.
Halzen, principal investigator of the planned IceCube neutrino
observatory at the South Pole, recalls a conversation in which
Reines emphasized how important it was that he approached
neutrino detection with a theorist’s frame of mind–because a
seasoned experimenter would have said there was no chance of
success. D. Lindley [126]
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11 Prequel

My graduate-student research at Brown University deviated from its initial
path in what would still be referred to as particle theory to what was then,
circa 1960, called high-energy nuclear physics. The problem that my advisor
David Feldman had suggested concerning K-mesonic atoms I quickly discov-
ered was already being addressed by Day, Snow, and Sucher [127] before
I had invested too much time on the project. My inspiration for another
problem was Al Saperstein, who was then a postdoc with the Brown theory
group, before he moved on to, first, the University of Buffalo and then, until
his retirement, to Wayne State University. Al was primarily interested in
nuclear collision problems and he had a thermofaxed, and literally hot, copy
of the to-become-famous KMT paper [23] that we began to discuss. In that
context, he mentioned something about their formalism needing to incorpo-
rate “off-shell” effects, which at first I thought had something to do with the
shell-model of nuclear structure. What evolved from this encounter, to both
my and Feldman’s surprise, is summarized in my thesis [17], which, unfor-
tunately, does not acknowledge Al’s crucial role at the start. In this work I
was led first to the ground-breaking papers of Kenneth Watson [16, 54] on
multiple scattering that are an austere operator realization in nonrelativistic
quantum theory of Foldy’s more physically motivated formalism for classical
waves [10].

Coincidently, I had previously encountered applications of Foldy-Lax the-
ory [10, 15], namely the work of Peter Waterman and Rohn Truell [128, 129],
whose papers are also considered among the important contributions to the
theory of the multiple scattering of classical waves from arrays of scatterers.
Nudges from from the Graduate Program people of the Applied Mathemat-
ics Department at Brown, as Waterman was finishing, to work with Truell
on similar problems was one of the reasons I switched over to the graduate
program in Physics there, but that is another story.

There is no such thing as an exact synonym and no such thing as
an unmixed motive.
Katherine Anne Porter
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12 Appendix: Program for FoldyFest

12.1 Introductory Comments

As far as I have been able to determine, there was no permanent hard-copy
form of the program for this event. After questioning a few of the likely
suspects who might be expected to have at least a list of abstracts for the
talks, and coming up empty, I asked the only other local on the program,
Professor Philip Taylor, and struck gold in the form of an old saved notice
that carried the detailed program that he sent to me on 9/23/17. My thanks
to Phil for his considerable help in this regard and for his encouragement in
moving on with the the completion of this manuscript that neither he or I
ever anticipated would grow from what originally seemed like a reasonable
size.

A slightly re-formatted, but unedited, version of the program that I re-
ceived from Phil is contained in the following subsection.

12.2 The Program

FOLDYFEST, SATURDAY, APRIL 29, 2000
A CWRU Symposium in Celebration of the 80th Birthday of Leslie L. Foldy.
Registration
8:30 AM Modest lapel labels for all registrants (stickers).
Morning Session
9:00 AM: Welcome by Dean John E. Bassett and Lawrence M. Krauss
9:10 AM: First Lecture, Gerardus ‘t Hooft, Utrecht University (1999 Nobel
Prize Winner)
From Quantum Electrodynamics to Renormalized Gauge Theories
Abstract: Quantum Electrodynamics served as the brilliant example of a
successful renormalizable theory, and to obtain anything as glorious for the
weak interactions or the strong ones was a distant dream. But the successes
of the ’70s were a direct result from the discovery that quantum electrody-
namics could be generalized.
Moderated by Lawrence Krauss
10:00 AM: Morning Coffee and Tea
10:20 AM: Second Lecture, James D. Bjorken, Stanford University
The Chiral Sector of Quantum Chromodynamics
Abstract: Long ago, the strong force was interpreted in terms of exchanges
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of Yukawa’s pi-mesons between nucleons. Nowadays, the most common lan-
guage is in terms of exchanges of gluons between quarks, as dictated by quan-
tum chromodynamics (QCD), the fundamental theory of the strong force.
Nevertheless, the old point of view has an important role to play in QCD,
one which will be reviewed in this talk.
Moderated by Cyrus Taylor
11:10 AM: Third Lecture
Kenneth L. Kowalski, Case Western Reserve University
Multiply Scattered Memories
Abstract: Les Foldy’s groundbreaking work in scattering theory has had a
considerable impact upon work in atomic, nuclear, and condensed-matter
physics over the last half-century. I will give a non-technical review of that
portion of his research contributions within the context of our various inter-
actions beginning with my first visit to Case Institute of Technology in early
1962.
Moderated by D. Keith Robinson
Luncheon in the Faculty Dining Room in Tomlinson Hall
Afternoon Session
1:30 PM: First Lecture, Frank Wilczek, Princeton Institute for Advanced
Study (2004 Nobel Prize Winner)
QCD in Extreme Conditions
Abstract: QCD is a wonderful and correct theory, but we can solve its equa-
tions only in special limits. Recently we have made great progress in under-
standing the behavior of QCD both at high temperature (and low baryon
number density) and at high baryon number density (and low tempera-
ture). The high-temperature limit is relevant to the early universe and to
planned heavy-ion collision experiments. The high-density limit is relevant
to neutron-star interiors; moreover, it turns out to have an amazingly rich
and beautiful theoretical description.
Moderated by Tanmay Vachaspati
2:20 PM: Second Lecture, Mark B. Wise, California Institute of Technology
Symmetries of Heavy Particle Effective Field Theories
Abstract: Some of the symmetries of effective field theories for the strong
interactions of heavy particles are described. Examples include the heavy
quark symmetries of HQET (i.e. heavy quark effective theory), spin sym-
metry in NRQCD (i.e. nonrelativistic QCD) and Wigner symmetry in the
effective field theory for nucleon strong interactions at low momentum. Non-
relativistic conformal invariance is also discussed.
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Moderated by Glenn Starkman
3:10 PM: Afternoon Coffee and Tea
3:40 PM: Third Lecture, Philip L. Taylor, Case Western Reserve University
Foldy’s Physics Friends
Abstract: Frenetically we follow Foldy’s fabulous footsteps from his first
findings on frequent fluctuations to his final formulations in phonons and his
fruitful figurings in fermiology. This cursory critique of the cast of charac-
ters contained in his catalog of collaborators will cast a colorful light on his
consistently creative career.
Moderated by William Fickinger
4:30 PM: Closing Words and Presentation by Lawrence M. Krauss
Reception follows in the Gallery of Tomlinson Hall
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13 References

1. K.L. Kowalski, Multiply Scattered Memories, contribution to FoldyFest,
held at CWRU, April 29, 2000.

2. G. ’t Hooft, From quantum electrodynamics to renormalized gauge theo-
ries, contribution to FoldyFest, CWRU, April 29, 2000. Annual Report
2000 of the Institute for Theoretical Physics, Utrecht University.

3. W.J. Fickinger and P. L. Taylor, Phys. in Perspective 9, 346 (2007), In
Appreciation Multiple Scattering: Leslie Foldy’s Winding Road Through
Physics.

4. W.J. Fickinger, Physics at a Research University: Case Western Re-
serve 1830-1990, Case Western Reserve University, Cleveland, Ohio
2006. Henceforth, we refer to this reference, which is a unique his-
torical source, as WF. I am grateful to Bill for reading through the
02/27/18 version of this document.

5. K.L. Kowalski, Leuven 1968-69, Contribution to the Celebration of 50
Years Institute for Theoretical Physics, KU Leuven, October 5, 2012.
Leuven 1968-69: Addendum, September 12, 2017.

6. Up until I last checked in the summer of 2015, neither of the two
rooms of the Rockefeller Building that are graced with portraits of
the individuals the rooms have been associated with informally by the
Department were officially designated as such either by name plaques
or by the Registrar. I refer to the Shankland Lecture Hall, Rockefeller
301, and the (former) Miller Room. I have been told that Miller’s
portrait has now been moved elsewhere.

7. L.L. Foldy and S. A. Wouthuysen, Phys. Rev. 78, 29 (1950), On the
Dirac theory of spin 1/2 particles and its non-relativistic limit.

Since this work was published long before the Period and played no
role either in my research or in pretty much everyone else’s here then,
there is some rationale for our cursory consideration of one of Les’ ma-
jor pieces of research. A very recent paper by A.J. Silenko, Relativis-
tic quantum mechanics of a Proca particle in Riemannian spacetimes,
arXiv: 1712.08625v.4, contains an extensive bibiography for the forms
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of the FW transformation for any spin and its applications over a num-
ber of physical situations from particle and condensed-matter physics
to quantum chemistry.

8. L.L. Foldy and J. D. Walecka, Ann. Phys. (N.Y.) 54, 447 (1969), On
the Theory of the Optical Potential.

This paper was received in March 1969 and accepted in September
1969, but is not mentioned in WF [4]. Its appearance not long after I
returned from Leuven was a total surprise to me in both content and
timing. Consequently, I don’t know exactly when Les visited Stanford;
however, the fact that he did have a collaboration with Walecka is
consistent with their previous publications [9]. The paper amounts to
a quantum-mechanical bookend to Foldy’s original 1945 paper [10] on
the multiple scattering of classical waves. Here again the devices of the
assumption of separable interactions, the closure approximation, and
sets of exactly solvable scattering integral equations are generalized
to the nonrelativistic quantum theory appropriate to the scattering of
a massive particle from a composite particle, such as a nucleus, that
remains substantially intact during the scattering process.

This paper provides an excellent example of how, whatever the valid-
ity of their justifications, various dynamical restrictions can obviate
all of the troubles connected-kernel scattering equations, such as Fad-
deev’s, were designed to resolve. Sometimes the approximations these
restrictions entail represent the physical situation adequately, other
times not. The most serious criticism is that without exception they
provide no means for the systematic improvement of the approxima-
tions and the progressive estimation of their errors; they are, basically,
one-shot affairs. Without these approximations the usual multiparticle
Lippmann-Schwinger equations do not have unique solutions and so
they cannot be solved as a matter of principle.

9. The L.L. Foldy and J. D. Walecka (FW) nuclear suite:

• Nuovo Cimento 34, 1026 (1964), Muon Capture in Nuclei.

• Phys. Rev. 140, B1339 (1965), Coupling Constants in Muon Cap-
ture; Erratum: Phys. Rev. 147, 886 (1965).

• Nuovo Cimento 36, 1257 (1965), Nuclear Correlation Fluctuations
in Nuclei.
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10. L.L. Foldy, Phys. Rev. 67, 107 (1945), The Multiple Scattering of
Waves I. General Theory of Isotropic Scattering by Randomly Dis-
tributed Scatterers.

11. J.D. Bjorken and S.D. Drell:

• Relativistic Quantum Mechanics, Chapter 4, The Foldy-Wouthuysen
Transformation, McGraw-Hill 1964.

• Relativistic Quantum Fields, McGraw-Hill 1965.

12. L.L. Foldy and W. Tobocman, Phys. Rev. 105, 1099 (1957), Applica-
tion of Formal Scattering Theory to Many-Body Problems.

13. W. Tobocman and L.L. Foldy, Am. J. Phys. 27, 485 (1959), Integral
Equation for the Schrödinger Wave Function.

14. D.E. Bilhorn, L.L. Foldy, R.M. Thaler, V.A. Madsen, and W. Toboc-
man, J. Math. Phys. 5, 435, (1964), Remarks Concerning Reciprocity
in Quantum Mechanics.

Bilhorn and Madsen were graduate student and postdoc, respectively,
with the CIT nuclear theory group. Madsen lists his address at the time
of publication as the Lewis Research Center, now the Glenn Center,
in Cleveland. In the early 1960’s the Defense Department supported
various studies of nuclear-powered aircraft and rockets [29] and Lewis
maintained a nuclear-related program from the 1950’s that employed
some nuclear physicists. Indeed, for a while Roy Thaler consulted at
Lewis with Madsen as his principal contact there. My last visit to
Lewis, sometime during the 1962-63 academic year, since I had resigned
from NACA (Now NASA) in 1957, was at the invitation of Roy to
accompany him, but be otherwise uncompensated save for a cup of
coffee, on one of his consulting gigs there.

15. M. Lax, Rev. Mod. Phys. 23, 287 (1951), Multiple Scattering of
Waves. This paper represents a generalization of Foldy’s work [10]
involving the nature of the scattering centers.

16. K.M. Watson, Phys. Rev. 89, 575 (1953), Multiple Scattering and the
Many Body Problem-Application to Photomeson Production in Com-
plex Nuclei.
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17. K.L. Kowalski, On the Two-Body Formulation of High-Energy Nuclear
Scattering Problems, Doctoral Dissertation, Brown University, June
1962, UMI Publication # 6401981, 277 pp.

18. J.L. Gammel and R.M. Thaler, Phys. Rev. 107, 291, (1957), Spin-
Orbit Coupling in the Proton-Proton Interaction.

19. J.L. Gammel and R.M. Thaler, Phys. Rev. 107, 1337 (1957), Spin-
Orbit Coupling in the Neutron-Proton Interaction.

20. J.L. Gammel and R.M. Thaler, Prog. in Elementary Particle and
Cosmic Ray Physics, 5, 99 (1960), Ch. II, Phenomenology of the
Nucleon-Nucleon Interaction. The entire volume is reviewed by D.
Keefe, Physics Today 14, 1, 60 (1961), who includes the GT piece
as one among “. . . five more excellent articles on topics in elementary
particle physics” (italics mine). The list of references in this compre-
hensive review include two co-authored by Les Foldy, as well as others
whom we have mentioned.

21. L.D. Faddeev, Sov. Phys. JETP 12, 1014 (1961), Scattering Theory for
a Three-Particle System. Bill Tobocman holds the distinction among
the CWRU theorists, and perhaps much larger groups as well, of being
cited twice by the renowned, but citation-parsimonious, Ludwig Fad-
deev in this instance as a somewhat elusive Ref. 8 corresponding to
[12].

22. S.K. Adhikari and K.L. Kowalski, Dynamical Collision Theory and Its
Applications, Academic Press, 1991. The saga of the development and
utilization of well-defined, viz., connected-kernel, many-particle scat-
tering integral equations in nonrelativistic quantum theory is reviewed.

A common opinion is that the functional formalism of quantum field
theory somehow obviates these difficulties with its identification and
generation of connected Green’s functions, S-matrix elements, etc. It
does not. Among the crucial features of a general collision theory that
are missing is a well-defined, closed system of integral equations in
terms of variables relating to physical asymptotic states. Various gen-
eralizations of the Bethe-Salpeter and the Dyson-Schwinger equations
have been proposed for some field theories within the contexts of partic-
ular approximation scenarios. Other sets of integral equations, typically
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with acronyms representing Russian surnames, have been proposed to
describe certain gluonic phenomena that can be associated with the pu-
tative Pomeron. This last is a relic from the Regge-pole phenomenology
of the 1960’s, which is still useful in its manifold guises in the analysis
of very high-energy hadronic diffractive scattering.

23. A. Kerman, H. McManus, and R.M. Thaler, Ann. Phys. (NY), 8, 551
(1969), The scattering of fast nucleons from nuclei.

24. R.W. Brown, L.M. Krauss, and P.L. Taylor, Physics Today 54 (12), 75
(2001), Obituary of Leslie Lawrance [sic] Foldy.

25. L.L. Foldy, Phys. Rev. 122, 275 (1961), Relativistic Particle Systems
with Interaction. Also, Comment, Phys. Rev. D 15, 3044 (1977): “The
relationship between the 1961 paper of the same title and more recent
papers on the subject is clarified.”

26. B.D. Keister and W.N. Polyzou, Adv. Nuc. Phys. 20, 226-479, (1991),
Relativistic Dynamics in Nuclear and Particle Physics, ed. J.W. Negele
and E. Vogt, Plenum Press.

27. S. Weinberg, The Quantum Theory of Fields, Volume I Foundations,
Ch. 4, The Cluster Decomposition Principle, Cambridge, 1995.

28. The Rockefeller stairs provided me with the only sighting that I can
recall in 1962-63 of CIT Assistant Professor of Physics Friedwardt Win-
terberg, still another FW, and his wife descending to the front entrance.
No one ever said too much about them even though they had been at
Case since 1959 and he was a former student of Heisenberg with a the-
sis on the nuclear shell model. They soon departed to the University
of Nevada in Reno. I learned some background details about him from
WF [4], but much more only recently [29]. Among the very recent
details, Porter Johnson told me after reading the first version of this
document, that when he was an undergraduate at CIT he took a course
on relativity from Winterberg in spring 1963, which he enjoyed.

29. J. Mahaffey, Atomic Adventures, A Journey into the Wild World of
Nuclear Science, Pegasus Books, 2017. This is a well-written series of
vignettes with detailed, informative footnotes and references.
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30. K.L. Kowalski and D. Feldman, J. Math. Phys. 2, 499 (1961), Transi-
tion Matrix for Nucleon-Nucleon Scattering.

31. K.L. Kowalski and D. Feldman, J. Math. Phys. 4, 507 (1963), Transi-
tion Matrix for Nucleon-Nucleon Scattering II.

32. K.L. Kowalski and D. Feldman, Phys. Rev. 130, 276 (1963), Elastic
Nucleon-Deuteron Scattering.

33. C.N. Yang and D. Feldman, Phys. Rev. 79, 972 (1950), The S-Matrix
in the Heisenberg Representation.

34. K. L. Kowalski, Physics at the Highest Energies. This was the title of
my last classroom presentation as the last in a sequence of faculty lec-
turers in the freshman seminar course, Physics Today and Tomorrow,
Physics 166, Rockefeller 309, April 27, 2015. The slides that accompa-
nied the oral narrative are available as HighestEnergies15.pptx.

35. It is difficult to pinpoint when this discovery was completely secured:

• F. Reines and C.L. Cowan, Jr., Phys. Rev. 90, 492 (1953), A
Proposed Experiment to Detect the Free Neutrino.

• F. Reines and C.L. Cowan, Jr., Phys. Rev. 92, 830 (1953), De-
tection of the Free Neutrino.

• C.L. Cowan, Jr., F. Reines, F.B. Harrison, H.W. Kruse, and A.D.
McGuire, Science 124, 103 (1956), Detection of the Free Neutrino:
A Confirmation.

• F. Reines, Ann. Rev. of Nucl. Sci. 10, 1 (1960), Neutrino In-
teractions. In addition to the survey of neutrino physics up to
that time, this review seems to be among the first to recognize
the promising opportunities for neutrino astronomy.

• D. Lindley, Phys. Rev. Focus 19, 13 (2007), Focus Landmarks–
Detecting the Elusive Neutrino.

36. E. Regis, Who Got Einstein’s Office?, Basic Books, 1987.

37. A. Bryant, The Corner Office: Indispensable and Unexpected Lessons
from CEOs on How to Lead and Succeed, Times Books, 2011.
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38. All references to room numbers are, unless stated to the contrary, to
the older, northern portion of the present Rockefeller building that was
built in the Einsteinian year, 1905.

39. H.T. Nieh, Phys. Rev. 163, 1769 (1967), Necessary and Sufficient
Conditions for the Current-Spectral-Function Sum Rules.

40. J. Schwinger, Particles, Sources, and Fields, 3 volumes, Addison-Wesley,
1981; K.A. Milton, arXiv: hep-ph/9505293, Julian Schwinger’s Source
Theory and the UCLA Years–From Magnetic Charge to the Casmir
Effect.

41. K.L. Kowalski, J.E. Monahan, C.M. Shakin, and R.M. Thaler, Phys.
Rev. C 3, 1146 (1971), Off-Shell Continuations of the Two-Particle
Transition Matrix with Bound States. This paper was submitted in
late 1970 and then published in early 1971 at the end of our 9-year
focus of interest, but at the beginning of about a decade of papers on
off-shell scattering by the newly NSF-supported nuclear group.

42. L. L. Foldy and R. F. Peierls, Phys. Rev. 130, 1585 (1963), Isotopic
Spin of Exchanged Systems.

43. D. Amati, L. L. Foldy, A. Stanghellini, and L. Van Hove, Il Nuovo Ci-
mento 32, 1685 (1964), Dominance of Exchange Amplitudes in Elastic
Scattering.

44. J. Weyers, L. L. Foldy, and D. H. Speiser, Phys. Rev. Letters, 17, 1062
(1966), K-Meson Nonleptonic Decays.

45. L.L. Foldy, H. Kottler, D.R. Speiser, and J. Weyers, Phys. Rev. 173,
1517 (1968), Statistical Model for High-Energy Reactions.

46. L. Castillejo, R.H. Dalitz, and F.J. Dyson, Phys. Rev. 101, 453 (1956),
Low’s Scattering Equation for the Charged and Neutral Scalar Theories.

47. K. L. Kowalski, Phys. Rev. 137, B1350 (1965), Lower Bounds on the
Shrinking of Diffraction Peaks.

48. T. Kinoshita, Restrictions Imposed by Unitarity and Analyticity and
Behavior of Scattering Amplitude at High Energy, Lectures in Theoret-
ical Physics, Vol. VII-B, 144 (1965).
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49. Professor Kinoshita contacted me shortly after receiving my preprint
and before I had been sent the galley proofs. I was able to amend a
Comment Added in Proof acknowledging the identity of our results in
the case of purely absorptive scattering, namely, a scattering amplitude
with no real part [47]. Otherwise, the modes of our proofs were entirely
different with different starting points. Shortly afterwards, Bessis [50]
provided wider a perspective for both works in relating the asymptotic
behavior of the diffraction peak to the zeros of the (absorptive) am-
plitude as a function of the momentum transfer variable, t, near the
forward direction, t = 0. In a subsequent review on the behavior of the
forward hadronic scattering amplitudes [51], Kinoshita lumps all three
papers together in reference to peak-shrinking lower bounds, as does a
later more comprehensive review by Ynduráin [52], and I am grateful
for his calling attention, with his stature, to my contribution.

50. J.D. Bessis, Nuovo Cimento 45A 974 (1966), On the Connection Be-
tween the Zeros of the Amplitude Near t = 0 and the Slope of the
Diffraction Peak.

51. T. Kinoshita, Suppl. of the Prog. of Theor. Phys. 37 & 38, 37 (1966),
Forward Scattering Amplitude at High Energy.

52. F.J. Ynduráin, Rev. Mod. Phys. 44, 645 (1972), Rigorous Constraints,
Bounds, and Relations for Scattering Amplitudes. The reviews by R.J.
Eden and S.M. Roy that appeared after Kinoshita’s survey [51], but
before Ynduráin’s [52], curiously cite Bessis’ paper [50] and Kinoshita’s
lecture notes [48], but not his review [51] or me [47]:

• R.J. Eden, Rev. Mod. Phys. 43, 15 (1971), Theorems for High
Energy Collisions of Elementary Particles.

• S.M. Roy, Phys. Repts. 5, 125 (1972), High energy theorems for
strong interactions and their comparison with experimental data.

53. K.M. Watson and J. Nuttall, Topics in Several Particle Dynamics,
Holden-Day, San Francisco, 1967, Chap. II. This book concerns topics
that were not fully developed at the time for inclusion in the magisterial
survey of the entire subject [54].

54. M. Goldberger and K.M. Watson, Collision Theory, J. Wiley 1964.
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55. G.Y. Chow and J. Rix:

• Phys. Rev. 184, 1714 (1969), Elastic Diffraction Scattering of
Hadrons at High Energies. This work explores the magnitude and
width of the diffraction peak as a function of energy. Chow went
on to add on the absorptive correction to quasi-elastic scattering
in this model in the paper: G.Y. Chow, Nuovo Cimento A 70, 23
(1970), Prediction on the slope parameter of elastic pp̄ diffractive
scattering in the momentum range 12-20 GeV/c.

• Phys. Rev. D 2, 139 (1970), Distribution over the Number of
Prongs in Inelastic Collisions.

56. J.R. Rix and R.M. Thaler, Phys. Rev. 152, 1357 (1965), Separation
of Strong and Electromagnetic Effects in Charged-Particle Scattering.
Reference here is made to “off-the-mass-shell” properties.

57. G.B. West and D.R. Yennie, Phys. Rev. 172, 1413 (1968), Coulomb
Interference in High-Energy Scattering.

58. The Kantor PRL’s:

• Phys. Rev. Letters 19, 394 (1967), Self-Conjugate Bosons, Inter-
nal Symmetry, and CPT Invariance.

• Phys. Rev. Letters 21, 241 (1968), Chiral Symmetry and the Pion
Mass, with J.L. Pietenpol.

• Phys. Rev. Letters 24, 1081 (1970), Possible Difficulty with the
“Eikonol Picture” of High-Energy Interactions. It is shown how
multiple scattering off-the-energy shell becomes important for an
understanding of the propagation of one elementary particle through
another.

I thank Paul for his careful reading of the 02/27/18 version of this
manuscript and his suggestions for corrections and modifications.

59. K. L. Kowalski, Nuovo Cimento 57A 39 (1968), Tensor Decomposition
of the Transition Operator. Both Les Foldy and Paul Kantor are ac-
knowledged for their “. . . several very stimulating conversations” and
Paul, in particular, for pointing out certain problems with unbounded
operators.
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60. K. L. Kowalski, re time-reversal and unitarity:

• Nuovo Cimento 39, L1002 (1965), Truncation of the Unitary Sum.

• Phys. Rev. 144, 1239 (1966), Some Consequences of Off-Shell
Unitarity.

61. T.T. Chen and C.N. Yang, Phys. Rev. 170, 1591 (1968), Model of
Elastic High-Energy Scattering.

62. M. Froissart, Phys. Rev. 123, 1053 (1961), Asymptotic Behavior of
Subtractions in the Mandelstam Representation. This was the initiating
paper of the vast literature on high-energy bounds based on analyticity
and unitarity and possibly the most cited.

I was fortunate to have a brief encounter with the late Professor Marcel
Froissart at a conference in Leipzig in 1984 as I was lounging about
waiting for the afternoon sessions to begin, when he bent over to within
a few inches from my face and asked “Have you eaten?”. I affirmed that
I had and directed him to where I did and contemplated his evident
sense of urgency and the limited options for cuisine in the DDR if he
missed the scheduled feeding time.

Subsequent to his 1961 paper, Froissart had a honored and interesting
career at the ancient and esteemed Collège de France where his major
contributions related to the unification of two competitive laboratories
rather than his own theoretical work.

63. N. Auerbach, J. Hüfner, A.K. Kerman, and C.M. Shakin, Rev. Mod.
Phys. 44, 48 (1972), A Theory of Isobaric Analog Resonances. Cited
as a forthcoming paper in the 1969-70 AEC progress report. This was
the second of the high-impact papers co-authored with Arthur Ker-
man among the wave of MIT émigrés into our Department. The sheer
physical weight of the preprint for this publication was a memorable
highlight of the show-and-tell meeting that the theorists had with an
NSF Program Officier after the demise of the AEC contract. When
it was Carl Shakin’s turn, he plopped this stapled sheaf of paper onto
the polished elliptical conference table in the Miller Room that left no
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