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v USAGE INFORMATION AND DISCLAIMER

Disclaimer text
This transcript may not be quoted, reproduced or redistributed in whole or in part by any
means except with the written permission of the American Institute of Physics.

This transcript is based on a tape-recorded interview deposited at the Center for History of
Physics of the American Institute of Physics. The AIP's interviews have generally been
transcribed from tape, edited by the interviewer for clarity, and then further edited by the
interviewee. If this interview is important to you, you should consult earlier versions of the
transcript or listen to the original tape. For many interviews, the AIP retains substantial files
with further information about the interviewee and the interview itself. Please contact us for
information about accessing these materials.

Please bear in mind that: 1) This material is a transcript of the spoken word rather than a
literary product; 2) An interview must be read with the awareness that different people's
memories about an event will often differ, and that memories can change with time for
many reasons including subsequent experiences, interactions with others, and one's feelings
about an event. Disclaimer: This transcript was scanned from a typescript, introducing
occasional spelling errors. The original typescript is available.

v PREFERRED CITATION

In footnotes or endnotes please cite AIP interviews like this:

Interview of Norman Kroll by Finn Aaserud on 1986 June 28, Niels Bohr Library & Archives,
American Institute of Physics, College Park, MD USA, www.aip.org/history-programs/niels-
bohr-library/oral-histories/28394 (https://www.aip.org/history-programs/niels-bohr-library/
oral-histories/28394)
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For multiple citations, "AIP" is the preferred abbreviation for the location.

v ABSTRACT

This interview discusses: Kroll's youth and education at Columbia University; his work at
Columbia Radiation Laboratory and his studies with Lamb and Melman on magnetrons; his
collaboration with W.E. Lamb on shift calculations; his comments on the work of Lamb,
Schwinger, Feynman and Dyson in the late 1940s; particle physics in Kroll's career; his
participation in JASON laser studies; his research on the interactions of laser beams with
plasmas, on visible parametric oscillators and free electron lasers.

Transcript

Aaserud:

I will mainly deal with JASON in this interview, with Norman Kroll in his office, the 28th of
June, 1986. I would first like to do a short introduction of your earlier years, and you were
born in Tulsa, Oklahoma on the 6th of April, 1922.

Kroll:

Right.

Aaserud:

Maybe you could say a little bit about your parents' background and their occupation in
your early youth?

Kroll:

My mother was a housewife, and my father was trained as an electrical engineer. He
practiced electrical engineering very little during his lifetime. I would say he was primarily a
businessman, with an interest in technical matters. During my early childhood he was
building residential housing.

Aaserud:

That was in Oklahoma.
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Kroll:

Yes, I suppose; at least that's the first occupation of his that I remember. I think at the same
time he had partnership in an oil company with a number of other members of the family. I
was not aware as a child of exactly what he was doing in that or even if he was involved in
that during the years he was building houses. What I remember is that I used to be taken
around to see each house as he finished it. All of its virtues would be explained to me, and
my mother would tell me how superior his houses were to any other houses which were
being made by anybody. So my feeling is that I don't make a clear distinction between
pre-1929 and post-1929, but I think that the Depression caused the family a lot of
difficulties. That's my impression, looking back on what I remember from that time.

Aaserud:

Yes, it was very early in your life, of course.

Kroll:

That's right.

Aaserud:

Did that lead to any moving around?

Kroll:

Yes. It must have been in 1931 that we moved to New Orleans. Then my father really went
back into the oil business. I don't know whether he built a refinery or bought a refinery, but
he was in the refinery business in New Orleans. That lasted only for about seven or eight
months, and then we moved back to Tulsa. I don't know quite what his business activities
were then, but two or three years thereafter, he was again in the refinery business, this time
in Texas. We moved to Dallas, and so from let's say 1934 or 1935 until 1940, when I left
home to go to Columbia as a junior, I would say he was in the oil refinery business.

Aaserud:

Did your parents have roots in Oklahoma, or were they immigrants?

Kroll:

Both families were immigrant families, but they were both born in the United States. Their
families lived in New York. My mother's family, however, moved out to Oklahoma en
masse. I think they were brought out by the husband of one of my mother's sisters, who wasg
in the oil business. He also from an immigrant family but had gotten into the oil business in
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Ohio, and then had moved to Oklahoma. He got the entire family to move out to Oklahoma.
My father's family mostly remained in New York.

Aaserud:

Your parents met in Oklahoma or New York?

Kroll:

Well, it's quite interesting to me. My father's brother is a well known artist, named Leon
Kroll, and in fact there is a book out on Kroll's work and it's part of the Columbia University
Historical Artist's Project. There is an introductory section of that book that's based on an
oral interview with Leon Kroll about his early life. You'll hear the same stories I'm telling
you today if you look at that, because it was he then who met the Ansen family which is my
mother's family. At that time my aunt's husband — the one in oil who started the company
— was doing extremely well, and in fact they engaged Leon to do a lot of family portraits.
There's a good deal in that oral interview about that period. In the course of that, he met my
mother and he introduced his brother to her. My father followed her to Oklahoma actually
before they were married. He read in some trade journal that his rival was going to
Oklahoma, and he went there.

Aaserud:

I didn't know we were continuing a tradition of family interviews here. That's interesting.
What brought you to physics? When did your interest first come up and why and how, what
were the influences? You can talk about your schooling first perhaps, maybe that brings us
to it; I don't know.

Kroll:

It doesn't. In fact again I would say it's family background. I was always told what a talented
student my father had been. My mother always used to tell me about all his wonderful
triumphs, and about this particular problem that he was able to solve and nobody else was
able to solve in his class. In fact, I was told what these problems were at various times, and I
ultimately solved them all.

Aaserud:

It was that specific.

Kroll:

Yes, and also because my father was very proud of those particular things. Another episode
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from his college days which he always was very proud of was that he went to Columbia. As I
said he was an electrical engineering student, and you must have heard of Michael Pupin,
who Pupin Hall is named after.

Aaserud:

Oh yes.

Kroll:

He was a student of Michael Pupin, and he recounts a lecture in which Michael Pupin did a
long complicated calculation on the blackboard and came out with an answer. My father
was doing what any first class physicist would do. He didn't realize his talents went the
wrong way, I would say. He had done a back of the envelope calculation while all this was
going on on the blackboard and gotten a different answer. He was a very little fellow, and he
raised his hand and said, "That's wrong." Pupin was not one to take that particular way of
being corrected in a very friendly way. So he bet my father a million dollars that he's wrong.
My father accepted the bet. Pupin lost the bet, but he never paid the million dollars, even
though he had it.

Aaserud:

Did he admit it?

Kroll:

No, in fact I think the quote was, "You're right but I can't pay you." But that wasn't true, he
could have paid him.

Aaserud:

But that was how far he came with him. That wasn't bad after all.

Kroll:

So in any event, I had that kind of home atmosphere. My father had some old technical
books that I used to read on building radios. I started doing that sort of thing before I was
ten years old, actually. Then I bought chemicals; I had a big chemical laboratory as a child,
and a microscope. I used to do all these things on money that I earned by mowing the lawn.
A lot of it was just the kind of collecting shopping that one does when one goes into a record
store and looks at the records. I used to walk five miles across Tulsa where I lived and visit
these Tulsa chemical companies. I was a little kid, and they let me look at all the chemicals
stacked up on the shelves. I just enjoyed doing that. I enjoyed seeing the bottles and the
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chemicals in them.

Aaserud:

So it was the family that was the strongest influence. Did it connect up at all with your
schooling?

Kroll:

Well, not at that time. I was just taking standard schooling. I was reading my father's
technical books, which were not very well suited to me. But I enjoyed the sensation of
reading them even if I didn't know what I was reading.

Aaserud:
There were no teachers specifically that encouraged the interest. It was entirely a family

thing.

Kroll:

Yes. I would say school had nothing to do with it. Except I was a good student. All my
teachers thought I was a good student.
Aaserud:

You went to school in Tulsa for how long?

Kroll:

Well, I went to school for the period I was in New Orleans, which was elementary school. I
even remember my science teacher there. She was absolutely abysmal. I would argue with
her and she would criticize me for disagreeing with what was in the book.

Aaserud:

No bets involved this time.

Kroll:

No, because I wasn't that sure of my ground, but I was sure she didn't know what she was
talking about. I mean, was not sure that I was right, but I was sure that she didn't know
what she was talking about. In any event, I must have gone to Dallas in 1934 when I was in
the sixth grade — something like that. I went through high school in sort of the normal way;
I took chemistry. I was very good at that because I'd had all this pre-work. I took physics
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and did fine in physics, though again it was taught by an absolutely miserable teacher. She
was an elderly grandmother.
Aaserud:

This was up through high school.

Kroll:

Up through high school, and I would say the physics course I took in high school was
perhaps the worst science course I've taken in my career.

Aaserud:

You might have learned from it in a negative sense. What about siblings, brothers and
sisters, do you have any?

Kroll:

Yes, I have an older sister and younger brother.

Aaserud:

Did they have the same kind of inclination?

Kroll:

No. The family had a great interest in art because of my uncle, and because my mother's
family always felt that the arts were superior to business and things of that sort. That kind
of atmosphere was present in the household, and I was myself very interested in the arts. I
went through a stage where I really wanted to be a musician.

Aaserud:

About when was that?

Kroll:

Well, I became very seriously interested in music when I was about 15. I had taken some
music lessons as a small child, but then I started studying piano much more seriously, and
became very interested in music, interested in harmony, composition and the technical
aspects of music, listening a great deal. In fact I had a cousin who was a very close friend of
mine who sort of went through the same transition at the same time. We lived in the same
town and we were very close friends throughout our childhood. He had also had a scientific
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interest, had also had a chemistry laboratory and also studied, taking private lessons in
medicine, doing a lot of work with slides in the laboratory, also taking piano lessons at
exactly the same time, and he got very interested in music. He is now professor of music at
UCLA.

Aaserud:

So he took the opposite track.

Kroll:

The point is, it was a path that either of us could have gone either way; it was actually that
close.

Aaserud:

Yes, conceivably I could have been interviewing him instead of you.

Kroll:

Yes. He's a moderately successful composer. He has recordings.

Aaserud:

Was that from the mother's or the father's side?

Kroll:

My mother's sister.

Aaserud:

What eventually made for your tilt towards physics?

Kroll:

Well, of course then I began going to college and it was really there that the first serious
signs began taking place. I didn't decide between the two until I graduated college.

Aaserud:

So it was open even during the first year at Columbia.
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Kroll:

Yes. In fact, Columbia was the first place I went to, where I had any opportunity to take any
music in college. I had taken private lessons but I took music courses at Columbia. And it
was the last half of my senior year that I actually dropped my music courses and decided to
go into science. I would say the war had something to do with it.

Aaserud:

Yes, we'll come back to that.

Kroll:

But as of the moment I graduated from college, I still had no clear idea of what being a
physicist was like.

Aaserud:

Have you kept up with the music side of it?

Kroll:

Oh, I'm very interested in music. I go back and forth. I have what I would call a serious but
completely amateur interest in music. I listen to music every day. Often quite a lot — more
than I have time for. I have a lot of scores. I listen in a non-casual way.

Aaserud:

Perhaps you not only listen; are you keeping up your piano?

Kroll:

I have stopped playing the piano, but that's fairly recent; maybe ten years ago. I play very
little now. If you stop long enough at my age, it sounds so bad when you start that you can't
stand it. Also, there are the physical problems. My shoulders ache. Arthritic type problems
— that sort of thing — keeps me from really working hard at it.

Aaserud:

Are there any other influences from the home or otherwise that you would point to —
religious, political, whatever? Intellectual influence I guess we've talked about.

Kroll:
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Religious, political. Well, there were of course religious and political influences in the home.
I don't think they have any direct scientific bearing. It certainly had direct bearing on me
personally.

Aaserud:

I guess the entry to Columbia was quite natural then, since you had that earlier connection
in the family, or maybe that didn't have anything to do with it?

Kroll:

It had everything to do with it, because my family's view was that it was best for children to
stay home and go to college. It was my view that it was best for me to leave home—a view
which I hold much more strongly now than I held then. So I made an agreement that I
would go to Rice for two years and then I would leave and go somewhere else. The family
said OK. From the beginning of my second year I began writing away to institutions without
asking anybody, getting all the information together, and said, "Well, the two years are up,
where should I go?" They hadn't really realized I was listening that carefully to what they
said. But it was agreed that if I was going to go away, it was best that I go to Columbia,
because at least I had a lot of family in New York and I would still be able to have family
influences. So they were much more pleased at the idea of my going to Columbia than at the
idea of my going to Harvard. The truth is, it's very hard to transfer anyway, to a first class
Ivy League school from a place like Rice in the South. So I'm not sure I could have gotten
into Harvard had I pursued it. But I did get into Columbia.

Aaserud:

But you had no personal conflict with yourself about not choosing Harvard.

Kroll:

No, living in New York was very appealing. I still had this very intense interest in music,
and there's no better place than that.

Aaserud:

So now we've come to 1940 approximately?

Kroll:

1940 is when I went to Columbia and 1942 is when I graduated.

Aaserud:
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Were there any particular influences at Rice? Was there anything there that pointed in that
direction?

Kroll:

It was of course very intellectually enriching. The differences in intellectual atmosphere
between Rice and high school was a day and night change from the start. I thought school
was always like high school. So I liked college much better than I had liked high school,
which I just sort of tolerated. I enjoyed myself very much at Rice, and then when I changed
from Rice to Columbia, it was another shock — just as big a shock.

Aaserud:

How did you support yourself during that period?

Kroll:

My parents supported me.

Aaserud:

Maybe you could describe your first years at Columbia. What were the teachers like?

Kroll:

It will come back to me as I start talking about it. Well, when you transfer to an institution,
the first thing you discover is that they had requirements which were different from the
ones that you satisfied at Rice. There are various things you are expected to do to make
them up, so part of my program was influenced by that. There was a famous humanities
sequence at Columbia that you were supposed to take that I really hadn't had, but I
managed to talk myself into the Columbia Colloquium courses. You don't know about that,
but it was a famous course for juniors and seniors at the time also, in which this sort of
humanities course was repeated, but on a different level. Classes were limited to 15
students, and one would meet for a long evening once a week to discus books that you had
read during the week, which were of course assigned. It was a kind of reading program that
was rather similar to the humanities sequence program although there was quite a bit more
in it. I took that. It was a very memorable course as far as I was concerned, mostly because I
was reading these books for the first time; other people were reading them for the second. I
didn't feel I had any problems competing with those smart boys from the East. I felt
perfectly at home with them, and I quickly established myself among them. I took an
advanced calculus course, and I also felt quite at home with that. What music courses I
took, I took counterpoint — that's what I took that year. I took French. The courses I had
the most trouble with were my physics courses. I took some physics, and I was not prepared
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for the physics I took. In fact, I dropped the first physics course or one of the physics
courses I registered for the first quarter I was there. The other one was with somebody
named Falwell. I took a course in molecular physics and a course in optics. I think I did
those as a junior. Falwell was not a very good teacher.

Aaserud:

So you had quantum physics at that level?

Kroll:

No. I would say the quantum aspects of it were very very minor if at all. Falwell himself was
a man who was trained in classical physics. A lot of professors didn't understand quantum
mechanics in those days and he was one of them, although he may have used what I would
call old fashioned quantum mechanics. As far as things like real wave mechanics, in the
sense of dealing with the Schroedinger equation and that sort of thing, I would say most of
the professors at Columbia at that time did not feel comfortable. Falwell was one who
didn't. So that was my junior year. My senior year I continued with the music course. I did
not continue the colloquium for the senior year. I didn't take the senior colloquium. So I
guess I was moving — well, I just didn't have time. I was interested in other things, but was
still thinking about music, in which I took a course in analysis and a course in composition,
maybe. In the senior physics course I took thermodynamics from Fermi. He was the most
famous person I ever had a physics course with. The war had started and a lot of people
were sort of only partially involved.

Aaserud:

The war in Europe?

Kroll:

The United States was already in. Pearl Harbor was December 1941, wasn't it?

Aaserud:

Yes, that's right.

Kroll:

I guess the United States was not yet in during the first half of my senior year.

Aaserud:
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So you got your AB in 1942.

Kroll:

Yes, that would be June 1942 and I think Pear]l Harbor was December 1941. So that would
have influenced the second semester but not the first. And in fact it did. The second
semester was entirely math and physics. I dropped all other courses I was taking. That was I
think definitely influenced by the fact; the career decision was very marginal at that point
anyway. I hadn't decided which way to go. I had the belief, which I still have, that given an
equal amount of talent in both fields, you'll do much better in science than in music. In
other words, the amount of talent and superiority it takes to be successful in music is
substantially higher than it is in science.

Aaserud:

Yes. But the physicists weren't then perhaps a much bigger group. Now they are. Just in
terms of numbers.

Kroll:

In terms of numbers — yes, you're right. It was a much smaller group then, but nevertheless
this was apparent to me, at least it was my opinion. I think it's truer now but even then it
was true. Well, you probably do not have to be as good now as I thought you had to be then
to succeed in music either. I mean, universities have to some extent provided a solution for
composers which is similar to that in science, in which you can have a career as a university
professor and compose and you don't starve. You may not get your stuff played, which is
perhaps very bad, but at least you don't starve. You have a respectable living, as contrasted
with struggling along by having private students, which is what composers had to do in the
past. So I think there too it's not as bad as I imagined it at the time. But anyhow, given all
those circumstances and the fact that the war had started, I decided to go into science.

Aaserud:

How did the war affect the university? It didn't affect your education, it seems, immediately.
You took your AM the year after.

Kroll:

That's right. I got an assistantship in physics and I continued. By that time I was partially
supporting myself, though I still got assistance from my parents. I could have gotten along
without it but it was more comfortable with it. And they were happy to provide it.

Aaserud:
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Did you make the complete transition after the BA? Didn't you do any more music after
that?

Kroll:

I continued to take piano lessons, but I didn't take any more music at Columbia, and I no
longer regarded that as a career option I wanted to pursue. So I took first year graduate
courses.

Aaserud:

So the choice was essentially made.

Aaserud:

You got your AM only one year after the AB. Then it took five years until you got your Ph.D.
That obviously has to do with the war and the war affecting the university and your work
there.

Kroll:

Yes.

Aaserud:

I'm very interested in a description of that.

Kroll:

I'm trying to remember when I started at Columbia Radiation Lab. Is there a date for that?

Aaserud:

Yes, it says "member scientific staff, Radiation Lab, 1943-1962". So the beginning year is
1943.

Kroll:

OK, then that answers the question. So once I got my Master's degree, I decided that
instead of continuing as an assistant in physics, I would become a research assistant at
Columbia Radiation Lab, which was functioning in Pupin. There were two classified
projects going on in Pupin at that time, one on the SAM in the basement, which stood for
Special Alloy Materials, and the nuclear weapons project which I think was devoted to work
related to the diffusion process. And then there was the Radiation Lab, of which the
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objective was to develop very short length wave radar. One centimeters was the wave length
they were working on. So I joined that.

Aaserud:

Were you asked to do it or did you volunteer?

Kroll:

I sought it out. I went to both places, and I recognized that I didn't have much training. I
didn't know that much physics, but what I knew about was electrodynamic theory. I still
hadn't had quantum mechanics at that point. In fact, I had no atomic physics or quantum
mechanics background. The truth is, it was absolutely zero. I had studied about it. There
was none in my elementary courses at Rice, and I hadn't taken anything along those lines at
Columbia. There was an atomic physics course which one could take, but I hadn't taken it.
That was sort of old fashioned quantum mechanics, and then there was the real quantum
mechanics course which you could take as a graduate student, which I was ready to take at
that time. I didn't work full time at the Radiation Lab. I worked part time and I continued to
take courses, so I did take quantum mechanics.

Aaserud:

There was a complete separation of course between education and the Radiation Lab?

Kroll:

Yes. And I made the decision at the time, after interviewing at both places, that it was much
more likely that I would be given something serious to do in the Radiation Lab. I had the
feeling I would be a bottle washer if I went to work in the SAM project. It was really for that
reason I selected the Radiation Lab. Also, I had had an ESMWT course in microwave
electronics. So at least I felt I had some advance knowledge of that sort of thing.

Aaserud:

How large a part of the physics student population did enter into that kind of work at the
time?

Kroll:

I thought, most of them. It wasn't very large.

Aaserud:
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No, of course not. How large would you estimate?

Kroll:

In the Columbia Radiation Lab, there were on the order of ten people in my situation. It was
not a big laboratory. It occupied one floor of Pupin, and it had maybe five professor level
type people in it, and I would say ten students. If I really tried to count them, it might not be
that many. Then these were the draftsmen and the machine shop — various technicians to
do things.

Aaserud:

Could you describe the work there? Who did you work for or under?

Kroll:

I can describe it. I can tell you some of the other people who were working there. A number
of them have had at least reasonable careers in physics, although not many of them, I would
say, from those very early days have had very noticeable careers in physics. Arthur Astrom
is a person I remember who went to Bell Labs. Gordon Becker is another person who went
to Bell Labs. Stanley Oller is another person I remember from those days. Tom Rusenov.

Aaserud:

These were all about your age?

Kroll:

Yes, that's right. Martin Sigmund. Lenny Lusensky. As I keep thinking more names come to
my mind. A girl named Marion Sidrum. Another girl named Sobel. I forget her first name.
Ruth Sinkins. A lot of people. Danny Robins. Pat Doyle. Quite a few.

Aaserud:

They all continued in physics later on?

Kroll:

No, but most — the majority. I would say Margie Friedman is another person. I would say a
certain fraction of them got academic positions. A much larger fraction went into technical
jobs in industry. And probably half of them got Ph.D.s. Even the half that didn't, I think
went on with some sort of technical work. Maybe more than half got Ph.D.s.
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Aaserud:

How big a shock was that? We've spoken about two shocks. How much of a change was it to
go from the educational situation to that kind of work situation in the Rad Lab?

Kroll:

It wasn't as much of a shock, and it took me a little longer to realize what was going on. I
didn't really understand what being a physicist was like until well after I got my Ph.D.
Because in that respect, I was a slow learner.

Aaserud:

But it must have been a new and valuable experience.

Kroll:

It was extremely valuable. In fact, the major step toward learning what being a physicist
was like was made there, and made relatively quickly. My initial job was testing
magnetrons, which was what most people did. However, I was known as a graduate student
who did well in courses, so it was imagined that I would indeed be a Ph.D. student at
Columbia and that I probably had some theoretical ability. So Lamb and I started working
on the theory of the resonant modes of magnetrons in general, and of the rising sun
magnetron in particular. I took to that work very well. I think I was very quick at getting
into it, very quick at getting answers, and I think very quick at making suggestions of ways
to proceed which Lamb hadn't thought of. So I think I made a very strong impression at
that time.

Aaserud:

You were actually able to do quite a lot of physics in that situation.

Kroll:

It quickly became all physics.

Aaserud:

That was all of it after a while.

Kroll:

Well, from the tube tester, I began inventing new kinds of tubes, and so I designed my own
tubes and tested my own tubes.
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Aaserud:

Yes, so you were very close to experiment at that time. It was not merely calculations of
magnetron capabilities or whatever.

Kroll:

We designed magnetrons and we measured the resonance frequencies, to see how well the
theory agreed. Also I learned enough about how magnetrons worked so that I knew the kind
of mode spectra. We had notions on what kinds of mode spectra were desirable for
magnetrons, and I knew how to design them to get those characteristics. So I did design
tubes, and everything I ever designed worked to some extent. Some worked very well.

Aaserud:

It was essentially you and Lamb?

Kroll:

Well, not just me and Lamb. I worked with Sidney Millman, whose name you might know.

Aaserud:

Yes.

Kroll:

Actually Sidney was a big influence on me at that time.

Aaserud:

In what sense?

Kroll:

Well, I somehow, I got a clearer notion of how one is a physicist from my interaction with
him than I did with Lamb, at that time at least.

Aaserud:

What was the difference between them? What was the age difference?

Kroll:
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Well, Lamb and Millman were older, but it wasn't a big difference — maybe five years. I
mean, they all seemed very senior to me, but they were in fact all in their thirties, I believe.
Now 30 seems like absolute infancy to me.

Aaserud:

Was the work there subdivided? Did you know what goals you were working toward?

Kroll:

Oh yes. The laboratory was one unit; the entire subject of the lab was one centimeter

magnetrons and shorter. As time went on we began working on magnetrons at wavelengths
in the millimeter range. So we built three or four 6 mm magnetrons, all of which I was very
closely involved in. It was a lot of that; a lot of the publication reflects this work, by the way.

Aaserud:

Yes, I noticed that. So could you specify that from your bibliography.

Kroll:

Yes, this JOURNAL OF APPLIED PHYSICS article, for example, is basically my
dissertation.

Aaserud:

Ah, that is your dissertation. I was wondering about that.

Kroll:

Item #4 on this publication list.

Aaserud:

That was with Lamb, right?

Kroll:

Yes.

Aaserud:

The PHYSICAL REVIEW article is an abstract.
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Kroll:

The first thing is an abstract.

Aaserud:

That's also the same thing.

Kroll:

Yes. Those first two abstracts are simply a reflection of the fact that at the end of the war a
lot of this work was declassified, and this was simply our way of taking our first opportunity
to publish some of the results. Then there's a subsequent pair of papers, numbers 4 and 5,
which are the papers related to those first two. Now, paper #4 is kind of a general theory as
to how to calculate the resonant modes of various types of magnetrons, and some
discussion of how you get various mode characteristics — how you see what the mode
characteristics are going to be. Paper #5 is an example of the application of that to the
invention of a particular type of tube, and it's an example of using one's knowledge of how
to influence a spectrum to design tubes. There are many others which I in fact designed and
built, which worked, and which illustrate interesting principles. These were never
published, although they may be referred to in some subsequent things that I wrote, but
they're only in Columbia quarterly progress reports.

Aaserud:

So that's an additional source.

Kroll:

And in fact here was a final report in which I wrote some things about some of those special
tubes. But there are some subsequent writings on magnetrons. There are the two chapters
in the Radiation Lab series which I wrote, and then there are several chapters in a book
edited by Ocress on cross field magnetrons, which contain various tidbits — things that I
did which were not otherwise published.

Aaserud:

This wasn't a field that you just left after the war; it went on, and it continues on your
publication list.

Kroll:

Yes.
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Aaserud:

So it was an interest that continued. Could you say a little bit about physics with or without
this experience. That's just philosophizing perhaps, but obviously this experience was your
first important exposure to real physics in some sense.

Kroll:

Yes.

Aaserud:

Had this experience not occurred, how different would your physics have been? Could you
say anything about that?

Kroll:

Well, I can imagine the disastrous courses which might have happened, instead of what did
happen. At the end of the war, it was obvious that I could use this magnetron work for my
dissertation, but I was advised not to, because it was felt that I really needed an education
in modern physics. In fact, at the end of the war I had still not passed my qualifying exams,
so the first thing I did was take them, and I had problems actually because I'd never had
atomic physics.

Aaserud:

This is qualifying for the Ph.D. study?

Kroll:

That's right.

Aaserud:

You had qualifying exams for that.

Kroll:

And then after you did your dissertation you had also at Columbia in those days a written
final examination on the advanced courses they had — a two examination regime which I
think was rare even at that time. It doesn't exist any more anywhere. It was a basic part of
the Columbia education and very very vigorously defended by the people who had gone
through it themselves. But eventually they became the minority at Columbia so it was
abandoned.
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Aaserud:

How was the transition from World War II to normalcy?

Kroll:

I was about to tell you that. So I began working with Otto Halpern. He did I think some very
important work on magnetic scattering of neutrons. I think that's what he was well known
for. And of course he did some important work during the war on the invention of the anti-
radar thing he was famous for. That may very well still have something to do with the
Stealth technology, since I know nothing about the Stealth technology. I know nothing
really about the Halpern thing either except that it existed. So I can make these speculations
freely.

Aaserud:

I'll have to look that up. It's not crucial for our conversation.

Kroll:

Anyway, Halpern wanted to work on the double Compton effect which was in fact a very
interesting problem to work on at that time.

Aaserud:

Was he your age then?

Kroll:

No, he was much older.

Aaserud:

He was a professor at Columbia then?

Kroll:

Oh yes. He was a visiting professor. He was, I would say, a rather senior person. He must
have been in his fifties. I must have been 24 when I started working with him. So we worked
I would say for a while and we in fact published something. We didn't really see eye to eye
on the problem, and so anyhow I decided I didn't want to use it for my dissertation. He felt I
had done a dissertation and wanted me to write it up as a dissertation.
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Aaserud:

So you returned to Lamb for that.

Kroll:

I just said that I didn't want to write that up as a dissertation. And we weren't in agreement
about what our results meant. So I never published anything on it beyond that PHYSICAL
REVIEW letter.

Aaserud:

Which was already in 1947, also before your Ph.D. So you had actually a publication history
before your Ph.D. was completed.

Kroll:

Yes. I would say yes. Well, all that other work was done way before my Ph.D. The date on
the MIT Radiation Lab Series — numbers 6 and 7 — is 1948. We sort of weren't free to
publish until those first abstracts appeared. And then we began writing things up and they
were published over the subsequent period. As I just said, I wanted to go back, in spite of
the advice that I had gotten, to use that magnetron work for my dissertation. But while I
was cleaning all that up and studying for my final examinations and doing all those things,
the Lamb shift had been measured, and so again that was, I'd say, dumb luck. I was on the
spot and in a position to collaborate with Lamb on the theory, which we did together, of the
Lamb shift. I got out of that what I might well have gotten had I done a good dissertation
with Halpern on quantum electrodynamics. Instead I did this work which I did before I got
my Ph.D., but was not actually used as my dissertation either, because I had already decided
to use the other.

Aaserud:

So how much work did your dissertation involve?

Kroll:

Well, none, because it was just this already written up paper, and I'd done that. But while all
the formalities were going on, which took over half a year, I was working on this other
problem, and I would say we finished the research on that in August and I got my Ph.D. in
June. In fact, we were writing it up in August.

Aaserud:

Right, so that's the other part of your work with Lamb.
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Kroll:

That's right.

Aaserud:

Exactly, I'm beginning to get these things straight now. So there are actually three strands
of your work. There's the magnetron work with Lamb, then the quantum electrodynamics
with Halpern, and it's the Lamb shift work with Lamb.

Kroll:

Yes.

Aaserud:

Right. How interconnected are they really? Are they three independent strands of work,
would you say?

Kroll:

No, there's a close relationship between the Lamb shift work and the work I did with
Halpern.

Aaserud:

Yes. So the magnetron work was an aside for Lamb, in a sense, too, in his career.

Kroll:

Well, I would say it's had a profound influence on his career also. I mean, Lamb became an
expert in lasers, and I would say there's a very strong connection with that early work.
Furthermore, the techniques used for doing the Lamb shift involve the use of microwave
techniques, which again, required his familiarity with microwaves. He also did some
inventing while he was in the Radiation Lab, so I would say the experience had as strong or
stronger influence on him than me.

Aaserud:

So the war work wasn't an aside. It actually might have helped these developments. In
terms of technique, for example.

Kroll:
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In terms of technique I would say it was a tremendous boost to physics. I mean, the
enormous support which physics got after the war was a direct consequence of the war
work. It launched the careers of everybody who was at that age, I would say. Far from being
negative, in this case it undoubtedly got people into real physics problems much earlier
than they would have otherwise gotten into it. If it had not been for this war work, I would
probably have done a theoretical dissertation with somebody, and I think I would have
matured much more slowly. Actually, I was slow enough as it was. I expect students to
mature quicker than I did.

Aaserud:

Well, these were very special circumstances, of course. I'm sure you don't feel you suffered
from it later on.

Kroll:

No. It's very hard in any event to go back and decide how things would have been, had
things gone differently. I mean, if you are fortunate, you tend to make use of everything that
happens to you in one way or another.

Aaserud:

I think it's the APPLIED JOURNAL OF PHYSICS paper that you refer to a dissertation by
Clarkston at MIT from 1941 as kind of the main precursor of that magnetron work.

Kroll:

Yes. There's a paper by Goldstein also.

Aaserud:

So there was a continuity here.

Kroll:

Yes. I guess Clarkston and Goldstein had done the original work on what I would call the
unstrapped symmetric magnetron. I think my primary contribution was to see what you
could accomplish by making the resonators of unequal size.

Aaserud:

To what extent was the war work an exposure to the need to use physics in those kinds of
connections? Was that the revelation or something that was new?
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Kroll:

Well, when I went to the Radiation Lab, as I think I mentioned, I had no idea of what a
physics career was really like. Nor did I really envisage myself in an academic career. I
wasn't convinced I was good enough. I actually imagined going into some kind of applied
physics in some kind of company. What I was doing I recognized as applied physics, and it
seemed to me to be just the sort of thing that you would do in a company devoted to applied
physics. So there was nothing at all surprising about it.

Aaserud:

So even without the war that would have been your inclination conceivably.

Kroll:

It might very well have been. It would have depended on how my graduate career at
Columbia went.

Aaserud:

In this edition of AMERICAN MEN AND WOMEN OF SCIENCE anyway you're referred to
not even as a theoretical physicist but as a mathematical physicist.

Kroll:

But I would not use that description.

Aaserud:

So that doesn't stem from you.

Kroll:

It probably does. It was probably one of their classification lists.

Aaserud:

Yes, the one that was closest but not close enough. But I mean this was an exposure after all
to the possible applicability of physics, that you wouldn't have had otherwise.

Kroll:
Oh yes.
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Aaserud:

Was this the beginning of a concern with science policy questions as generally understood?

Kroll:

No. In fact, after that was over, and I did move into quantum electrodynamics, I became
very oriented toward what I would call pure science. And while I continued to do the
Radiation Lab work, when I went back to Columbia, you know I spent this period at the
Institute for Advanced Study. Again I worked on quantum electrodynamics there, and I
certainly enjoyed that year very much. One is always looking for an academic job, and I was
very pleased when I got an offer from Columbia to come back as an assistant professor,
since I'd actually been given to understand from some of the people I had talked to earlier
in my career that his assessment—in fact, this was Sidney Millman—was that I had really no
chance of getting a job at Columbia. When I was offered one without even asking not too
many years later I was naturally quite pleased.

Aaserud:

So you left for the Institute for Advanced Study without any assurance of getting back to
Columbia.

Kroll:

Oh no. Although I just took leave from the Radiation Lab, I never resigned from that job.
There was of course always the potential, I suppose — although it never occurred to me — of
going back to the Radiation Lab as a full time employee. Certainly, though, by the time I
went to the Institute, the notion of an academic career was much more real to me. The mere
fact that I was asked to go to the Institute was already an indication to me that I, so to
speak, ranked among my colleagues. Therefore it was not really true that I didn't have any
chance for an academic career, although I didn't know if I could set my sights as high as
Columbia. So by that time I aspired to an academic career.

Aaserud:

Maybe you could say a little bit about Princeton and your experience there and how that
shaped your career in a little more specific terms — in terms of people and research.

Kroll:

Well, I met a lot of very well known people there, with whom I've remained in contact the
rest of my life. I'd say the person that I interacted with most strongly during that year was
certainly Bob Karplus. And I would say the next most strongly were Freeman Dyson and
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Bob Pious. But other people who were there with whom I certainly interacted were Ken
Case, Kenneth Watson, and Sol Epstein. I think Sol had already left. I'm not sure. Sol then
went to Columbia so I knew him there too. Hal Lewis had just been there the year before,
but I used to go down to the Institute that last half year at Columbia even before I got my
Ph.D.

Aaserud:

So you had learned to know Hal Lewis also from those visits.

Kroll:

Yes. I knew Hal from those and I met Rusty Fober then also with whom I subsequently
worked.

Aaserud:

How different was the work and the working environment there compared to your work at
Columbia?

Kroll:

Well, it was different because the atmosphere in physics was different. There was this
tremendous development taking place in quantum electrodynamics, and we were all right in
the forefront of that.

Aaserud:

Which had no counterpart at Columbia.

Kroll:

It would have had a counterpart at Columbia too; it's just the time.

Aaserud:

It is the time rather than the place.

Kroll:

Yes, it got started at Columbia. I mean, the Lamb shift is what triggered this great
development, and I was obviously working on that at Columbia. And in fact during that year
at the Institute, the big issue was who had calculated it correctly, because there was a
Feynman answer and a Schwinger answer and there was our answer. There was also a
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Weisskopf and French answer. If I haven't mentioned it before, ours was the right answer.
So one of the big issues of that year was, what was the right answer? There was also a very
significant disagreement between that answer and the experimental results, and another
very interesting question was, what was the origin of that difference? And so there was a lot
of activity directed towards that. It wasn't solved that year. And then that was the year that
Dyson showed how to do higher order perturbation theory and how to do normalization in a
consistent way. Karplus and I carried out the first major application of that program, to
calculate the fourth order magnetic moment, which calculation subsequently turned out to
have some errors in it, which has been a perpetual source of embarrassment to me, but
nevertheless the paper I believe was quite influential. First of all, it was quite some time
before the errors were found, and during that time the illustration of the way you actually
do a renormalized calculation — the demonstration of the fact you can actually do all those
integrals and get an answer — was I think influential. Anyhow, that's what we did that year.

Aaserud:

That kind of mistake might just indicate the newness of the discovery.

Kroll:

They were arithmetic, as a matter of fact. I would say the thing that I learned from that is in
doing a complicated calculation, you have to take the same kinds of precautions that an
experimenter takes to see that dirt doesn't get in his apparatus. We had some internal
checks but not nearly enough.

Aaserud:

But it got published; it was refereed, wasn't it?

Kroll:

Oh yes, it was refereed and published and was a famous paper and now it's an infamous
paper.

Aaserud:

That's what you have to pay for presenting some new things, I suppose.

Kroll:

Anyhow, that's what I was doing that year. Then I had applied for a National Research
Council Fellowship, which I also got, and I had to face the problem of, did I want to take the
fellowship and go back to Columbia, or take the fellowship and not go back to Columbia, or:
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go back to Columbia and reject the fellowship.

Aaserud:

That was the year after Princeton.

Kroll:

That's right. Rabi felt very strongly that I should not take another fellowship year. He said,
"You become a fellowship bum." That was what his view of the matter was. I guess I wanted
to go to Copenhagen and I guess his view of the Copenhagen school was not that positive
either. So he didn't want me to. He was chairman of Columbia at that time, and he was not
willing to hold the job open. We reached a compromise, which was that I would come to
Columbia for one quarter — one semester — and I would then take the fellowship for the
other half of the year. But I would take it at Cornell rather than Copenhagen. So that's what
I did.

Aaserud:

You never came to Copenhagen.

Kroll:

I went to Copenhagen in 1955. Not so much later. But only for a few months.

Aaserud:

Did you work with Bohr? I guess Bohr wasn't all that involved in physics that late.

Kroll:

That's right.

Aaserud:

So I guess the Bohr Institute might have been receding a little bit, although it was in great
development on the material side. But maybe the Copenhagen spirit wasn't all that present
as it had been in the inter-war period. Before we get to JASON, let's talk a little bit about
your return to Columbia before that.

Kroll:

What I think we probably should talk about is my continued contacts with applied physics.
Since I think they're probably relevant to what subsequently happened. I took a very, I
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would say, snobbish view at that time. I thought the only physics really worth doing was
pure research in problems on elementary particle physics. On the other hand, professors
didn't get paid all that well, and I was perfectly willing to consult on the side for a little extra
money. When I first came back to Columbia, during the summer I used to work for the
Radiation Lab. I regarded that as a way of supplementing my salary with stuff that would
not contribute in a serious way to my scientific career. And the fact that I could get paid for
doing summer work which would contribute to what I was really interested in — quantum
electrodynamics and that sort of thing — never occurred to me. I didn't think the world was
made that way. I was one of the later discoverers of the fact that other people could go to
Brookhaven and get paid by Brookhaven. I always felt I couldn't afford to go to Brookhaven
because I had to make money at the Columbia Radiation Lab. But, while a slow learner, I
did catch up, eventually. Then Columbia eventually acquired a research contract which I
participated in, which paid my summer salary for doing what I considered to be worthwhile
research. But by that time I no longer worked summers at the Radiation Lab, starting
probably in 1954. But I did have a consulting job with Amperex in which I helped them with
their magnetron problems.

Aaserud:

Is that a private company?

Kroll:

Yes. And then I eventually consulted for IBM. There I worked on parametric oscillator
problems, and it was very educational work as far as I was concerned.

Aaserud:

That's the first item on your list of unpublished work.

Kroll:

But there's a published paper in that area also.

Aaserud:

Which came directly out of that?

Kroll:

Well, it's not that paper, but there's an article on an application of that theory, published in
the IBM JOURNAL. So I did that for IBM, and then I spent one summer in Los Alamos in
1959. What I worked on there was magnetohydrodynamic propulsion.

32 of 104 6/3/2024, 12:11 AM



Oral History Interviews | Norman Kroll | American Institute of Physics https://www.aip.org/history-programs/niels-bohr-library/oral-histories/28394

Aaserud:

The Sherwood project?

Kroll:

No, Sherwood is fusion.

Aaserud:

So there's no connection there.

Kroll:

I don't remember that there was any connection. Anyhow, I worked with Francis Low on
that problem. Also Eugene Parker was involved in it.

Aaserud:

So your consultancy involvement or summer activities were with the Radiation Lab, did you
say?

Kroll:

In 1949, I continued my connection with the Radiation Lab. In fact I think they paid part of
my salary. It was one of these businesses where my salary was partly contract-supported,
and also I worked for the Radiation Lab in the summer. Then I spent the semester in the
summer in Cornell on this NRC fellowship. I worked on electrons, dynamic corrections,
hyperfine structure, which was I think quite a significant paper at the time. I also did some
work on what ultimately turned out to be the missing megacycles in Lamb shift. That was
Barangay and Feynman. And there was a good bit of interaction between us. You'll find me
thanked for some parts of that work in the Barangay-Feynman paper, so I feel I made some
contribution to that problem as well. It was directly connected to the hyperfine structure
problem actually. Once you knew how to do one, you knew how to do the other. It's just that
they were doing it and I didn't want to pirate it from them. But that sort of ties up a loose
end, because that was one of the hot problems the year I was at the Institute — namely,
where were those missing megacycles? By the time I came back from Cornell, or a few
months after that, they were found.

Aaserud:

And then to complete the list, then you went to Rome.
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Kroll:

That was a Fulbright. It was Guggenheim in Copenhagen and it was Fulbright in Rome.

Aaserud:

That was your Copenhagen experience. I see.

Kroll:

But I continued at Columbia, and by that time I was no longer spending my summers at the
Radiation Lab. I think my first summer not at the Radiation Lab was probably 1952 or 1953.
Aaserud:

OK, that early.

Kroll:

Yes. There's a Kroll-Ruderman paper. What's the date of that? Here it is. That was 1954. It's
#17 in my bibliography. I think the work for that paper must have been done in the summer
of 1953. That means that by 1953 I was spending my summers in Brookhaven and no longer
working on magnetrons. But let me look at another paper with Foley. That means that by
1953 I was spending my summers at Brookhaven and no longer working on magnetrons.
But let me look at another paper with Foley. That's 1952, which means I spent the summer
of 1952 in Brookhaven also. So it didn't take me so long to learn that I didn't have to spend
my summers in the Radiation Lab.

Aaserud:

You went regularly to Brookhaven after that?

Kroll:

That's right.

Aaserud:

So that exhausts your consultantships?

Kroll:

That's right. But they were a suitable background for the fact that I then spent the summer
at Los Alamos. That summer was the background for the invention of JASON.
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Aaserud:

What brought you to Los Alamos in the first place?

Kroll:

I think that the people who invited me there must have had something like this in mind. I
think Goldberger was the one who got me to go. You must have picked up in your other
interviews the thoughts that led to inviting that group of people out to Los Alamos that
summer.

Aaserud:

Yes. The versions converge but they're not altogether identical, so I'm interested in your
memory of that too.

Kroll:

My memory is I was invited to go out by Goldberger. I had never been to Los Alamos. I
spent the summer in Santa Fe when I was seven years old. It was a very important summer
in my life, of which I remembered a lot, and so I was quite interested in spending the
summer in that area again.

Aaserud:

Your experience must have been quite different, though.

Kroll:

It was very different, but I experienced enormous pleasure in trying to track down the
things that had impressed me so much when I was seven years old, and I found more or less
everything. It was drastically changed; nevertheless, I found more or less everything, and I
got great pleasure out of doing that.

Aaserud:

What kind of experience was that?

Kroll:

Well, first of all, it was where we lived in Santa Fe, which had been way out in the country
and is now the middle of the city. We had a number of interesting adventures. I sort of
located the place of that life. The West was not quite as fully tamed then as it was when I
went back to Los Alamos. Vandalay National Monument was a place I went to as a small
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child, and again enjoyed tremendously; it impressed me tremendously as a small child —
big cliffs and all these ladders going up cliffs, that sort of thing. When I went back, I tried to
find the way we had entered, because now there's a big road that goes down, and I'm quite
sure that I found the old abandoned trail through which we entered when I was seven years
old. But anyway, I just thought it would be fun to go. I had no idea what I would do when I
got there. I wasn't told. But there were a number of problems presented that one might
work on, and this magnetohydrodynamic propulsion looked interesting enough. This other
thing that I was able to get into right away, in an afternoon I already had some ideas as to
how to work on it.

Aaserud:

Yes. That was your and Francis Low's work.

Kroll:

JASON was formed after that and I was invited to join as one of the charter members. I was
by now quite tired of the IBM thing, and it was supposed to be my exclusive consulting
arrangement, and I was very happy to make the change.

Aaserud:

Yes, that was part of the background for it, wasn't it — the wish to have more control over
consultantships, not to be asked by any industrial firm or whatever, but to have some more
fixed controllable environment for doing that kind of work.

Kroll:

Not the whole story.

Aaserud:

No, it's not the whole story, but it's part of it.

Kroll:

It paid, you know, much less than I was getting from IBM, and I would say I had grown a
little uncomfortable with the IBM arrangement. I had a retainer from them, and I didn't
really feel I was doing enough work. And the idea of getting involved in problems of
overriding national concern appealed to me. It seemed to me to be a much more worthwhile
way of spending my consultant time than the way I was spending it.

Aaserud:
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How was the issue presented to you and what was your response to it; what was the general
and your own motivation for joining this venture?

Kroll:

Well, one of the best ways to get people to join a new thing is to tell them that they've been
specially selected.

Aaserud:

Which was true in this case, of course.

Kroll:

I was certainly told that. That works moderately well. If you want to start a new program for
students at the university, the way to do it is to write a note to a few students and tell them
that they've been specially picked out. A lot of them will bite even if they didn't have the
slightest interest in the topic beforehand.

Aaserud:

Yes, which wasn't quite the case in this instance, of course. So who approached you there
and how? Was it Goldberger?

Kroll:

I think it was Townes, because Townes had taken leave from Columbia at that time to be
vice president of research for IDA. Goldberger was very involved; I knew of Goldberger's
involvement. It was a standard letter that they sent to people. A man named Martin Stern
got mentioned.

Aaserud:

Marvin Stern, wasn't it?

Kroll:

Could be, I know several Sterns, some are called Martin, some Marvin.

Aaserud:

I think this is Marvin. Just as an aside, do you know if he's in the area? I haven't been able
to track him down.
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Kroll:

I have no idea where Marvin Stern is. I think I've only met him a couple of times. I know
I've met him once but I'm not sure I've met him more than once.

Aaserud:

He was at Los Alamos at the time.

Kroll:

I don't even remember where I met him.

Aaserud:

You had a letter before or after you came to Los Alamos?

Kroll:

No, no, at the time I went to Los Alamos, I didn't have any idea that it was a trial run for
this sort of thing, and so it came completely out of the blue.

Aaserud:

But your participation had been discussed in concrete terms already at Los Alamos?

Kroll:

It was not, no. Not with me. I wasn't at Los Alamos that long, because there was the first
Soviet High Energy Conference and I went to it.

Aaserud:

So in that sense you were not one of the founding fathers of JASON, so to speak.

Kroll:

I was a charter member. I mean, there were certain people who were involved in the
preliminary discussions and who were on the steering committee initially. Besides
Goldberger, I don't remember exactly who the other three were. You probably know.

Aaserud:

Watson and Brueckner?
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Kroll:

It could be. There were four.

Aaserud:

Townes?

Kroll:

No, Townes was the vice president. Could it have been Murray Gell-Mann?

Aaserud:

Yes, it definitely could.

Kroll:

The composition of the steering committee changed over the years, so all those people were
surely on the steering committee at one time or another. I just don't know if they were on
the first one. I think they were the first ones. But I went to the first JASON meeting. I
signed the first contracts.

Aaserud:

There's also a separate strand of developments with summer study 137.

Kroll:

Yes. I was not involved in that.

Aaserud:

But that's also a precursor of sorts.

Kroll:

Yes. I think that is a precursor which maybe Stern was most directly involved in.

Aaserud:

That was Wheeler's conception, I think.

Kroll:
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Yes.

Aaserud:

Had you been approached by other people or the same people for that?

Kroll:

I may have been invited to that also. I just don't remember any more. Again, various
attempts were made to get people to go out to Los Alamos, or to go to Livermore. Teller was
starting Livermore, and he came to the Institute and tried to recruit people to get involved
in that. Again, I regarded all those things as distractions from real ph