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DR. PEIERLS: Yes. Well I was born in June 1907 in Berlin, or rather in a suburb of Berlin where my father was a director of a large factory belonging to the AEG and I quite early on was interested in technical and scientific matters like reading lots of things. My wish at that time was to become an engineer, which was natural. I grew up in a technical environment and with planes just coming on, telephones being relatively new, automobiles developing, and so on, naturally a boy wanted to get into that kind of life.
MR. LARSON: That was the golden age of the start of technological development.

DR. PEIERLS: That’s right. However, my parents and other people I respected told me that I was not suitable to be an engineer for reasons I wouldn’t accept today, but they said an engineer has to have good eye sight and I was wearing glasses from the age of six. They also said that an engineer must be able to make things with his hands and at that time I was a little clumsy with my fingers. So I accepted their advice and turned to the next best thing which seemed to be physics. 

MR. LARSON: Oh yes. Let’s see. What year was that that you actually more or less settled on physics as a career? 

DR. PEIERLS: Well, it was finally settled when I went to the university in 1925. There was a gap of six months between school and university because my school had an academic year which finished at an unconventional time. It was, I could have joined the university straight away, but it would have been in the middle of classes and seemed more practical to wait six months. So I spent that as a sort of unpaid apprentice in a telephone factory because if I had been an engineer of course I would have had to spend some time in industry. That was the normal practice. I was anxious to do that anyway. I never regretted having gone through that experience. 

MR. LARSON: Yes. So you went through that pathway and did get to have an understanding of the workings of a technical field which was beginning to expand tremendously at that point.

DR. PEIERLS: That’s right, but I also learned simple things like using a lathe and a drilling machine and various things like that, which I found very useful after that. Well, I then, one had in German universities to be very clear from the start whether you were going to become an experimental physicist or theoretical one.
MR. LARSON: Oh yes.

DR. PEIERLS: Well, it wasn’t finely settled, but it got settled more or less by accident because in the University of Berlin where I started because my parents thought I was too young to leave home, the practical laboratory. The student laboratory for physics was overcrowded and therefore you were not allowed in your first year to start on any experimental work in physics, but instead you were supposed to get through as much of the mathematics and theoretical physics as you could and so I started on that and never got out of it. So during my first two semesters, I listened to the lectures by Max Planck which were the worst lectures I’ve ever been to. He was reading from one of his books and if you had a copy of the book, you could sit there and follow line by line what he was saying.

MR. LARSON: That is a very interesting point because the experience with people with famous lectures varies considerably all the way from being very dull and straight forward to inspirational in character. That’s very interesting that the great Max Planck was not a very good lecturer.

DR. PEIERLS: He was a terrible lecturer and his books are not that attractive either. We knew of course that he was very famous, but had no idea what he was famous for. 

MR. LARSON: Right.

DR. PEIERLS: In fact, the first impressions I got was that there was something exciting developing in physics that was developing, that was new, was in lectures by [inaudible] who was known as a nuclear physicist.

MR. LARSON: A very famous man in his field.

DR. PEIERLS: Right. He was in giving a course of lectures on what is called x-ray physics and there such new words as the Bohr Orbits and the K shell and the quantum faction appeared showed me that something that high school physics never showed to exist. Now after, I still remember one of my fellow students said one day, interesting things are happening. I hear that [inaudible] applied matrix methods to physics.

MR. LARSON: Oh yes. Well, immediately you were in contact directly or indirectly with the great names of, in a very exciting period.

DR. PEIERLS: That’s right. Well, after two semesters in Berlin, I decided I was big enough to move. In those days it was quite easy to change universities. So I went to Munich where [Arnold] Sommerfeld was the great teacher of physics. So then I started learning about these new things. I remember that at some time during my three semesters there Sommerfeld told me that I might give a talk in a seminar. He said there were these papers by [inaudible] on what we now call Transformation Theory. “We haven’t been able to understand these. Would you explain them to us?” That was quite a challenge to a student of about two years standing in the university.

MR. LARSON: You were about 19 or 20 years old.

DR. PEIERLS: 20, yes, about there. I don’t remember exactly when this was, but…

MR. LARSON: Very young.

DR. PEIERLS: Yeah, but I found those papers very interesting and gave talks, I gave two talks in fact, and I learned a lot from that. How much the audience learned is for others to say. There was no criticism except from the professor of physics, experimental physics, [inaudible] who didn’t believe in quantum mechanics, quantum theory all together and of course wouldn’t accept my explanation either. [Inaudible] my fellow student there was Hans Beta…
MR. LARSON: Oh yes.

DR. PEIERLS: …who was a year older and a year further advanced in his studies. He seemed to me a very senior man from whom one could learn a lot. We’ve been friends ever since. He is still one year older, but that is less important today. I still think I can learn a lot from him. I would have continued in Munich except that when I had been there about a year and a half, three semesters, Sommerfeld went off on sabbatical leave to somewhere in the United States and sent me to [Werner] Heisenberg in Leipzig, who was starting a school of theoretical physics there. So, in Leipzig, amongst other people there was Felix Bloch…
MR. LARSON: Oh yes.

DR. PEIERLS: …who was writing his thesis on electron [inaudible] metals. After a while, Heisenberg suggested that I might like to apply Bloch’s results to the Hall Effect, transfer of, what you get when you put a conductor with an electric current through a magnetic field.

MR. LARSON: That’s very useful in the field of modern solid state physics too.

DR. PEIERLS: That’s right. It was a paradox because while some metals behaved in the expected way and the transfers wanted were what you expected from the deflection of electrons by the magnetic field, some metals show the wrong sign. That was a problem. It was the anomalous Hall Effect. So I looked at this and found that you could explain this if [inaudible] if the bands were nearly full so that in fact the conductors [inaudible] holes in that band. I didn’t use the word holes, but the concept is the…
MR. LARSON: The concept is the same as the modern use of holes in solid state physics.

DR. PEIERLS: That’s right. As these holes, which are the absence of an electron positively charged, you can then understand the sign of the effect is opposite. As if the carriers were positive charges. Now, that was really exciting and allowed me to publish my first paper. Generally, it was a time, as in this example, [inaudible] took almost any problem which had given difficulties to the old physics and looked at it in a new way and you would remove another difficulty and understanding. That was an exciting time.

MR. LARSON: So you published a scientific paper at a very, what age were you when you published that first paper.

DR. PEIERLS: I was 22.

MR. LARSON: 22, that’s remarkable.

DR. PEIERLS: Yeah, 22. Well, this was fairly normal at that time.

MR. LARSON: Oh yes.

DR. PEIERLS: But then after two semesters, Heisenberg went on sabbatical and on his advice I went to work with [Wolfgang] Pauli and [inaudible]. I think I have every reason to be grateful to the system of sabbatical leaves or to the invitations from American universities because this gave me a completely unique combination of teachers.
MR. LARSON: Oh yes. That of course, as you go through the discussion of these great men, you’ve mentioned eight or ten of them and who are really the giants of theoretical physics at that particular time. It must have been very exciting.

DR. PEIERLS: It was exciting. Of course Pauli was not quite easy to get used to because of his famous habit of making cutting remarks to people, but except the fact that he was a deep thinker about theoretical physics and things became so clear in discussions with him. So, I then wrote my Ph.D. thesis on the heat conduction in non-metals as conductors do to the lattice vibrations [inaudible]. That was a subject on which there was a theory by [Peter] Debye. Typically, Debye in being [inaudible] simplified ways of looking at things, but in that way it was too simple. His answers weren’t right. I was able to sort this out. In fact, even Pauli had done something incorrect on the subject. He had looked at the problem of the damming of sound waves which is very similar to the problem of some of the conduction by lattice vibrations. He never published this, but he gave a talk to some meeting of a physical society and that is as far as I know the only paper containing Pauli’s name with wrong statements.

MR. LARSON: That’s a very interesting point there.

DR. PEIERLS: I think he knew that there were still problems and that is why he told me to look at this problem further. I came out with an answer unexpected in some ways. One result for example was that at very low temperatures, the thermal conductor of the crystal should grow exponentially as the temperature goes down. That was not verified until 1950’s, but then it turned out to be true.

MR. LARSON: Oh yes. 

DR. PEIERLS: So, then I, it took me only one semester in Zurich to write this thesis, get the answers and write the thesis, which I typed myself. My parents had given me a typewriter as a present and I started typing and not in a very professional way, but I wrote my thesis myself. I’ve been continuing to do that. I had to submit it to the University of Leipzig because one semester in Zurich wasn’t enough to qualify for a Ph.D. The two semesters in Leipzig apparently did. So I got my Ph.D. from Leipzig, but then remained in Zurich as Pauli’s assistant and stayed in fact for three years. 

MR. LARSON: That must have been very exciting there with Pauli and all of the others involved in theoretical physics.
DR. PEIERLS: That’s right. Yes. It was a time when Pauli was working together with Heisenberg on the quantum theory of electrodynamics, which was in a very primitive stage then. But he discussed many of the aspects with me so that was exciting. Meanwhile, I continued working on the solid state problems. I had written on the Hall Effect and my problem was this depended on understanding the nature of the electron bands in metals which started by Bloch, but Bloch had proved this behavior only for the case of very tightly bound electrons where the wave functions are very much like atomic wave functions in metal. I knew that this was not a good approximation for real metals, and so it wasn’t clear whether the conclusions of Bloch which I had applied to my explanation of the Hall Effect was really justified. Then I suddenly saw that if you start on the other end where the potential that the electrons is moving is very weak, practically from the limit of nearly free electrons, that if you start as free electrons and add a very weak potential, you already get the breaks between bands and the behavior of the dynamics near the ends of the bands exactly the same way as the strong electrons of Bloch. So then I was satisfied that this could be applied right through if it was true in both explained cases.

MR. LARSON: Those are some very fundamental points and the research that was needed to establish the field at that time.

DR. PEIERLS: That’s right. In fact, I looked at that problem for simplicity in one dimension for a particle moving in a straight line. I understood the point and I knew of course that the same thing would happen in two or three dimensions, but didn’t bother to spell it out. That was picked up by [inaudible], a French theoretician who worked out in detail what happened in two and three dimensions and came out with what is now known as [inaudible] in metals with solids.
MR. LARSON: Let’s see. Where was he working at the time?

DR. PEIERLS: He was working in Paris. We didn’t ever, we met at some point, but he had seen my paper and I saw his papers. So there were other things in that general directions that I did, but in those days you didn’t specialize in theoretical physics. Quantum mechanics was so new that you were interested in all its applications and of course at that time you were expected to have read all the papers that were written on quantum mechanics. Now you couldn’t do that today. 

MR. LARSON: Yes. Of course there has been such an explosion of literature on everything that, whereas 50 years ago you could keep up with all the papers. Today there are 100 times as many papers.

DR. PEIERLS: Today you can’t keep up with all the papers in one special field, let alone a whole. I’ve always been inclined to keep my finger in many pies. You know the saying that a specialist is someone that learns more and more about less and less until he knows everything about nothing. I’m more of the opposite, the universalists who know less and less about more and more until he knows nothing about everything. That’s more my…

MR. LARSON: That’s a very good expression.
DR. PEIERLS: So, then after three years, 1932, I was awarded a Rockefeller Traveling Fellowship for one year and decided to split this between Rome [inaudible] at that time and Cambridge.

MR. LARSON: Oh yes.

DR. PEIERLS: Cambridge, England. I followed in that way the precedent of my friend Hans Beta, however he had arranged to spend the summer in Rome and the winter in Cambridge and I thought I would improve on that by reversing the order.
MR. LARSON: Oh yes. That’s an interesting point.

DR. PEIERLS: So I spent six months in Rome under [Enrico] Fermi. He was the most impressive person. When you ask him about a problem in physics, the chances are he would pull a notebook from the shelf and turn to a page where he had worked out the solution to that problem some time ago.

MR. LARSON: Incidentally, you say this was about 1932…

DR. PEIERLS: 1932.

MR. LARSON: …that you spent with Fermi.

DR. PEIERLS: …winter ’32 to ’33.

MR. LARSON: That was before he started work in radioactivity and so forth.

DR. PEIERLS: That’s right.

MR. LARSON: I remember his book on, I believe, on thermodynamics or something like that and so he was very versatile.

DR. PEIERLS: Yes. Of course he was basically a theoretician, but he had been very excited about the discovery of the neutron in ’32.

MR. LARSON: Oh yes. 

DR. PEIERLS: He already then decided that this was a very important tool for the study of nuclei and therefore was preparing to do experiments on, with neutrons. It took him, I think he was planning this when I was there. He didn’t mention it as far as I remember, but of course it took some time to get the necessary apparatus and things together. So he didn’t start the experiments until ’34, mid-’33 maybe. I should have perhaps mentioned that I was by this time married. I had been at a conference in the Soviet Union and Odessa in 1930 and that also was an exciting experience. 

MR. LARSON: Oh yes. Was this a conference on theoretical physics?

DR. PEIERLS: It was a conference in physics in general.

MR. LARSON: Physics in general. 

DR. PEIERLS: It was essentially a soviet conference on physics, but they had invited something like 100 foreigners.

MR. LARSON: Oh yes.

DR. PEIERLS: I was very fortunate to get there. I think it was because [Iakov] Frenkel, the Leningrad theoretician who had seen some of my papers and was interested had invited me. Now, there was also at that conference also a girl who had just finished a course in physics who had come to the conference just for interest. We got to talk a lot and stayed together after we had the first conference excursions. We saw each other perhaps 10 days or so. 
MR. LARSON: Oh yes.

DR. PEIERLS: The difficulty was she couldn’t speak any German and I couldn’t speak any Russian. So we communicated in English. Then we started writing letters. Six months later, I was again, I went to Leningrad on Frenkel’s invitation, spent two months there for Easter vacation and within a week or so we were married.

MR. LARSON: Well, that’s a very romantic story there. I’m glad that you brought that out. So she had training in physics.

DR. PEIERLS: Yes, but she didn’t continue with physics because I think she knew she wouldn’t be a first rate physicist. In fact, when I took six months off to be married before we managed to get her out of the Soviet Union, and it was so exciting for her to see the world.

MR. LARSON: Oh yes.

DR. PEIERLS: She dropped the physics and didn’t come back to it. But she did a lot of her physics by looking after and educating many young physicists.

MR. LARSON: Oh yes. That’s very interesting.

DR. PEIERLS: Probably did more than she could have done working in physics, but one traveled also of course in those days. It was not as easy as today because there were no foundations or other organizations willing to pay your fare to a conference. You had to go there under your own steam. Mostly sort of sitting up.

MR. LARSON: I believe Rockefeller is one of very few in existence that did anything like that at all.
DR. PEIERLS: I don’t believe they would have gotten you to a conference.

MR. LARSON: I see, only fellowships.

DR. PEIERLS: But maybe that would have been a possibility. While you were on the fellowship, probably you could have got some travel money out of them, but otherwise you would set up maybe overnight in the corner of a third class compartment. Of course there were no planes in those days. There were four classes on the railways in those days, but the fourth class didn’t exist on the long distance train. So it was third class. On those long trips, one of the places to go to was of course Copenhagen. I went there for the first time in ’31 and I’ve been there many times since. I had a slightly embarrassing encounter with Niels Bohr on my first or second visit, I don’t remember clearly. I had written a paper with [Lev] Landau, the Russian who had spent time in Zurich and we had written a paper claiming that the uncertainty principle needed an extension when it came to unrealistic situations. This paper was ready when we met in Copenhagen and we showed it to Bohr who didn’t agree. We had long arguments. Then when we finally settled the final draft of the paper we were a little doubtful whether we should acknowledge Bohr’s advice and help because we felt we couldn’t do that without his permission. Very often if people cite somebody like that in a paper it gives the impression that they supported it or he agreed to it.
MR. LARSON: Yes, yes.

DR. PEIERLS: And he didn’t agree.

MR. LARSON: A very subtle difference that could be easily misunderstood.

DR. PEIERLS: I went to ask him about it and he misunderstood and he got very angry. He said, well, he was only doing his best to help people with their ideas, but it was only natural to acknowledge this, but if we had any doubt about it he refused to let us mention his name at all.

MR. LARSON: Oh yes.

DR. PEIERLS: This was very embarrassing for a young man, but we eventually got it straightened out, and we did mention him and acknowledge his help. In fact, that then gave rise to the paper he wrote with [Leon] Rosenfeld to prove that measurements in [inaudible] theory, electromagnetic field, were restricted by the same restrictions of the uncertainty principle that were normally applied in non- [inaudible] quantum mechanics. Well this subject I think is still controversial, but it’s lost its importance because we wrote that paper by some new [inaudible] and that didn’t happen. So it lost its importance. Well, now then I went to Cambridge. Actually, while I was in Rome, the situation changed drastically in Germany. I had been invited, I’d been offered a job in Homberg, an attractive position because it had been held previously by, or some years before, by [Wolfgang] Pauli, so it was an attractive job. I had decided to go and that would have meant going for the second half of my Rockefeller fellowship because they were anxious to have somebody soon. I agreed to that informally, but then things got so bad in Germany that we decided that this was not right. We wouldn’t go back.
MR. LARSON: These political developments in about 1932…

DR. PEIERLS: That’s right, the end of ’32.

MR. LARSON: …yes, made it intolerable.
DR. PEIERLS: That’s right. It was before [Adolf] Hitler came into power, but you could see the way things were going. We said, “No, we’re not returning to Germany.” So we went to Cambridge as planned where I had some contact with [inaudible].

MR. LARSON: Oh yes.

DR. PEIERLS: And also R. H. Fowler who was a senior theoretical physicist who was at Cambridge. I saw quite a bit of [Ernest] Rutherford.

MR. LARSON: Oh yes.

DR. PEIERLS: A very impressive personality, now, I think. And, but of course, this was for six months and after that we had no job or anything. However, Bragg, Lawrence Bragg who was then in Manchester, he first had hoped that he could appoint me to assistant lectureship at the University of Manchester, but it turned out that the university was being attacked for appointing foreign scientists when there were British scientists without jobs. There was a particular riot made with the appointment of [John] Polanyi, a chemist.
MR. LARSON: Oh, such a very famous and distinguished chemist there.

DR. PEIERLS: Right, but he was appointed the chair of physical chemistry at Manchester, but some older chemists attacked this and wrote to the newspapers and so on, so they felt they couldn’t go on doing that. Instead I was given a grant from a fund set up to give to German refugees. Well, I wasn’t technically a refugee because I was out of Germany, but anyway, I got this grant and we stayed for two years in Manchester. For the first of these two years, Beta was there too, so we worked together.

MR. LARSON: So you had Beta and you worked together right there at Manchester.

DR. PEIERLS: This was first of all on solid state problems because Bragg then was very interested in alloys and in the ordering of alloys where you form super lattices wherein of the two components of the lattice the atoms are regularly arranged like AB, AB, or something. It was a thermodynamic problem because that only happens at low temperatures. Bragg had himself with Williams who was a first rate physicist had worked out the crude theory of this phenomenon and Beta and I were not satisfied with that and thought we could improve it. That resulted in a method now known as the Beta method for getting answers for this type of problem. Also, however, this was when nuclear physics took off. I think our interest in that started when Chadwick who had discovered the neutron told us, Beta and myself, I don’t remember his exact words, but essentially he told us, “I bet you can’t make a theory of disintegration of the neutron by gamma rays.” 

MR. LARSON: Oh yes.

DR. PEIERLS: He didn’t tell us that he had already experimented, done experiments on this. 

MR. LARSON: He was at the Cavendish Laboratory at that time.

DR. PEIERLS: Yes. That’s right. We felt that we could make a theory. So we sat down and did some calculations on this and it involved some results about the scattering of neutrons by protons.

MR. LARSON: Oh yes. 

DR. PEIERLS: And we published two papers on these things. They had, they were a beginning, but they were some facts that were known to us at the time, so they were not a complete answer, so we were pleased with what we did. 
MR. LARSON: This was almost immediately after the discovery of the neutron, wasn’t it?

DR. PEIERLS: Yes. It was…

MR. LARSON: Within a year?

DR. PEIERLS: …again, I’m not sure about the year. Beta was in Manchester from ’33 to ’34, so within a year of the discovery of the neutron. Also, Fermi’s theory of beta decay came out and we got interested in that and published two small letters in Nature which amongst other things pointed out that there was a possibility of what is now known as K capture. Instead of the omission of a positive electron, the nucleus absorbs one of the atomic electrons surrounding it. Also, it, we pointed out in this paper that from statistical thermodynamic consideration you could determine what was the cross-section for the inversion reaction when a neutrino gets captured by the nucleus, and that type came out fantastically small, so small that for example that the neutrino could go right through the earth and come out the other side with a negligible chance of having made a collision along the way. So we said probably, the neutrinos would never be found, picked up in experiments. Of course in saying that, which by now has obviously been disproved, we had two things missing. One, we couldn’t have known of course that, what the enormous number of neutrinos that had been generated in nuclear reactors.
MR. LARSON: Oh yes.

DR. PEIERLS: That which led in fact to the work of [inaudible] and others to catching these neutrinos. The other factor that we might have seen was that the cross-section for the capture of neutrinos goes up very fast through the energy.

MR. LARSON: Oh yes.

DR. PEIERLS: And that while for the low energy of neutrinos which comes out of beta decay, the cross-sections are smaller than we estimated. Once you get to a few billion electrons, the cross-sections become much greater, so much so that everyone is doing experiments with neutrinos and they are being accelerated.

MR. LARSON: Yes. Your original theories on probabilities were that you needed a probe the size of the earth to catch…

DR. PEIERLS: That’s right. That was at the energy which we were, the percentages…

MR. LARSON: …at very low energies.

DR. PEIERLS: So, well, I did a variety of things in Manchester and then two years later, in ’35, I was offered the position at Cambridge at the Mond Laboratory which as a low temperature laboratory created, set up for [Pyotr] Kapitsa. Now, Kapitsa who of course was a Russian working in Cambridge, had maintained his Soviet citizenship and regularly in the summer went back for his holidays to the Soviet Union and this is not known. In the summer of ’34, they refused him permission to leave again because they said they needed him in the Soviet Union.
MR. LARSON: Oh yes.

DR. PEIERLS: So, eventually, the Royal Society who owned that laboratory, the Cavendish Laboratory agreed to ship all Kapitsa’s equipment to Moscow. The Soviet Union of course bought it from them and with that money they duplicated the equipment to maintain the laboratory.

MR. LARSON: Oh yes. What was the name of that laboratory again?

DR. PEIERLS: The Royal Society Mond Laboratory.

MR. LARSON: Mond.

DR. PEIERLS: This was set up, largely set up by donations from the Mond-Nickel.

MR. LARSON: Yes, that company was famous for their nickel powder production. 

DR. PEIERLS: That’s one of the things.

MR. LARSON: One of the things.

DR. PEIERLS: Now that however left some money available which would have gone to Kapitsa’s salary. They decided to use that salary to set up two research fellowships. I got one and that got me to Cambridge.

MR. LARSON: Oh yes. So you have the Soviet Government to thank for your opportunity at Cambridge.

DR. PEIERLS: Yes, anyway, well I split my interest there because I was attached to the Mond Laboratory. There of course I looked at low temperature physics. At the same time, I was interested in nuclear physics and kept in touch with the people at the Cavendish Laboratory. That went on for two years. There was an amusing episode because people were interested in the problem of, well, two related, mathematically similar problems. One was the problem of thermal magnetism, the way iron as a substance is able to keep all these things in the substance aligned. The other was the problem of alloys which Beta and I looked at, at Manchester. The mathematical problems of those are similar and then there was a paper by a German [inaudible], who used a very statistical model of a [inaudible] magnet, not using quantum mechanics, but simply postulating that your little magnets had two alternative positions. He solved that problem very nicely in one dimension, for just a linear chain. He showed in that case, in one dimension that you will not get thermal magnetism. Any temperature other than absolute zero and these magnets would not be aligned. He then at the end of the paper in a few paragraphs gave an argument why this would also apply in two and three dimensions. In fact, there was talk in ’79, Cambridge, where a mathematician, I’ve forgotten who it was, reported on this paper and gave a more detailed, more explicit proof that this thing would happen in two and three dimensions. Now I was sure this was wrong, but rather than try and find where his arguments were wrong, I thought it would be preferable to prove the opposite of it, that there would be order at least below a certain temperature. 
MR. LARSON: Oh yes. 

DR. PEIERLS: So, thinking about this, it always, once you are intuitively sure an answer is right, then you only have to think very clearly what are the reasons why you are so sure and that very often will lead you onto proof, a form of proof that this is certain. I found a very simple proof in a few pages that such a system would be ordered, would be aligned up to a temperature which I could give a numerical limit, which was lower. The actual physical temperature was higher, but this was an exact proof. I was very surprised to hear about 40 years later from one of the people specializing in statistical mechanics that this was, this proof was still the only one, only formal proof of that kind of statement. They were still using similar arguments. It’s only later that, more recently that better methods were…

MR. LARSON: And more refinements.

DR. PEIERLS: Yes. So, that was Cambridge from ’35 to ’37. Then the University of Birmingham decided to create a new professorship in applied mathematics. Applied mathematics in England is very often, or was very often used just as another word for theoretical physics. 

MR. LARSON: Oh yes. That’s interesting. I’d never heard that before.
DR. PEIERLS: Well, you see, in Cambridge, for example, [Paul] Dirac counted as a mathematician.
MR. LARSON: Oh yes. 

DR. PEIERLS: So most students who were to go into theoretical physics the normal way was to go into the mathematics courses. 

MR. LARSON: Oh yes.

DR. PEIERLS: This was then quite separate. I know Max Born always strongly objected to calling his work applied mathematics. He said that the people in the, the experimental physics use a lot of glass blowing for their work.

MR. LARSON: Oh yes.

DR. PEIERLS: It wouldn’t be right to call the Cavendish Laboratory a laboratory of applied glass blowing.

MR. LARSON: That’s a very interesting analogy.

DR. PEIERLS: Now, the point is [Mark] Oliphant, who was at Cambridge, had been appointed to a physics chair in Birmingham, but he delayed going there. He was appointed there in ’36, but he wasn’t going there until ’37. He persuaded the university to create a chair in applied mathematics and so, I was, I applied and got that chair which meant that I was joint head of the mathematics department with G.N. Watson, a famous mathematician who had written a book about Bessel functions which is still a popular book and other things. I was on the applied side which was essentially theoretical physics and he was now looking only at the pure mathematics. Well, I went there in ’37, and my plan really was this was not, this place had no tradition in theoretical physics. So I would gradually by training a few students, gradually build up a group. I realized later that that was not the way to proceed. A tiny group like that was not really viable, but fortunately I had the opportunity of making a fresh start because within two years of going there the war started and then of course there was no chance of building up anything. Then in Birmingham, Oliphant was working on radar and he was trying to get my help for this, but that was refused because I was still a German citizen. I was an enemy alien technically.

MR. LARSON: Oh yes.

DR. PEIERLS: So, the Navy for whom Oliphant was working refused permission for me to be brought into this secret work. I thought I wanted to help in the war effort somehow anyway and I eventually found a possibility in the part-time fire service. I became a fireman mostly in the night shift. In fact, I was involved in I think all the air raids. We never, I never was involved in anything very dramatic. There were many routine things like laying out hose to pump water from the reservoir to where the fire is. That is strenuous work, but not very dramatic. Then of course that was a time after the discovery of fission…
MR. LARSON: Yes.

DR. PEIERLS: …which I was very interested in. Clearly as people speculated, when it also was shown first by the French team [inaudible] that there were secondary neutrons, then of course people started speculating about the chain reaction.

MR. LARSON: Oh yes. 

DR. PEIERLS: I saw a paper by the French theoretician Francis Perrin who had made a theory of the chain reaction, but in a rather crude approximation. In fact, I was really slow at that point because I didn’t immediately appreciate the nature of the chain reaction and there was such a sharp gap between the system which is just above the critical size and the system just below. I thought that might be due to the approximation he had used. I saw one could improve this. I wrote a paper with a fairly simple answer, but in the course of this I persuaded, I convinced myself that this idea of critical size was indeed right and didn’t need my calculation to see that. But because of the possibility of a bomb, I wasn’t sure whether one should publish such a paper. By this time…

MR. LARSON: This was in 1939.

DR. PEIERLS: That’s right. 

MR. LARSON: Of course that was the period in which there was some controversy over whether there should be, these should be published or not published.

DR. PEIERLS: That’s right, but I wasn’t involved, I wasn’t in contact with that, but I decided myself that maybe one shouldn’t publish such a paper. At that time, [Otto Robert] Frisch had arrived in Birmingham. He had been in Copenhagen, but he came to Birmingham just as the war broke out. In fact, he was only coming for a visit to find out what the possibilities were. 

MR. LARSON: Oh yes.

DR. PEIERLS: Then war broke out and that prevented him from going back to…

MR. LARSON: Oh yes.

DR. PEIERLS: So we talked a lot of course. Together we saw the paper by Niels Bohr which argued that you could not make a weapon with natural uranium.

MR. LARSON: Oh yes.  
DR. PEIERLS: Which of course is true. So with that we felt very relieved. We didn’t like the idea of a bomb. I decided to publish this paper, and then one day, Frisch came to me and said, “Supposing somebody gave you a large amount of separated uranium isotope…”

MR. LARSON: Oh yes.

DR. PEIERLS: “…what would happen?” So we discussed this.

MR. LARSON: Pure U-235.

DR. PEIERLS: Right. We could make a fairly reasonable guess at the cross-sections from Bohr’s general theory of the nucleus, and so once we had the cross-section, we had some estimation of the number of secondary neutrons from the Paris work. We could use my paper to put in the numbers. We were surprised to come out with a very small size in the order of pounds rather than the tons one expected intuitively.

MR. LARSON: Yes. Of course that was a tremendous surprise and essentially a breakthrough when you made that calculation. 

DR. PEIERLS: Yes.

MR. LARSON: What, I’ve forgotten now, there was some small number to a very large number, I think in the order of tons almost, unable…

DR. PEIERLS: Nobody said that the critical size would be tons, but that was once the feeling from experience with other things. So then we said well, supposing one had such a critical mass, a super critical mass, what would happen if you started a chain reaction? Then from my paper, we had also estimated the rate, the speed that the chain reaction would develop. That of course has to compete with the dispersal of the material, you see. The energy is released and the material blows up and when it’s gone a certain way the reaction will stop. You couldn’t work that out in detail, but we could on the back of an envelope at least see that the energy release would be substantial, a substantial fraction of the available energy. Then we said, this is so important and particularly that Germany, Nazi Germany might have come to the same conclusion. We said even if the plan to separate the isotopes costs as much as a battleship it would be worth it.
MR. LARSON: Oh yes.

DR. PEIERLS: That was a great understatement.

MR. LARSON: That was an understatement, yes, but of course nobody before that even dared to think of the costs of making it.

DR. PEIERLS: Right. Isotope separation was only something which had been done on a laboratory scale for a few grams of very light elements where this problem is much easier.
MR. LARSON: Yes.

DR. PEIERLS: So that seemed science fiction until you realized how important that answer would be. Then of course we concentrated on that and did nothing else. We wrote a report to the appropriate authorities.

MR. LARSON: Yes. Did you and Frisch both work together on that then?

DR. PEIERLS: We wrote that report together and then our activities diverged because I looked at the theoretical, particularly the theory of various methods of isotope separation.

MR. LARSON: Oh yes.

DR. PEIERLS: Whereas he went on to first in Birmingham and then in Chadwick’s place in Liverpool to do experiments on the nuclear problem to see what he could find out there. Also, he started experiments on isotope separation with the so-called [inaudible] Stickle thermal diffusion method, thermal diffusion in the gas, and that didn’t get anywhere because it turns out that the only gaseous compound of uranium except for fluoride has a zero coefficient of thermal diffusion.
MR. LARSON: Oh yes.

DR. PEIERLS: So one turned to other things, other methods, and so I was working quite intensely on this, building up a small group. Our first collaborator was Klaus Fuchs.

MR. LARSON: Oh yes.

DR. PEIERLS: Then when it finally became clear that it was too big a job to do in Britain in wartime and after some difficulties, one came to some arrangements with the United States project. Many of us were moved over to the United States. I spent six months in New York working with the Kellex people who were designing the isotope separation method.

MR. LARSON: Yes, they designed the gaseous diffusion…

DR. PEIERLS: After six months, it was felt that I couldn’t help any more. The design was settled.

MR. LARSON: Oh yes.

DR. PEIERLS: Also I had, there was a request that I should come to Los Alamos. Then I moved there and spent the next 18 months in Los Alamos.

MR. LARSON: Oh yes. So you did work on gaseous diffusion and later moved to Los Alamos.

DR. PEIERLS: Yes. In England, of course, our team was much smaller and I was interested in both the isotope separation problems and the nuclear problems of the actual bomb. There in fact, when I got there, it had become clear that the implosion was very important because without it you couldn’t make a bomb with plutonium.

MR. LARSON: Oh yes.

DR. PEIERLS: That raised a lot of problems. [Edward] Teller had been asked to take charge of a group looking into these [inaudible] problems, but he wasn’t keen to do that because he preferred to work on the hydrogen bomb, although that was not a short term problem at that time.

MR. LARSON: No, that was a several years problem. 

DR. PEIERLS: Right, and certainly not for use in this war. So, I then took over that group.

MR. LARSON: Oh yes. Who else were some of the others that worked with you on the implosion problem?

DR. PEIERLS: Well, I brought Klaus Fuchs with me.

MR. LARSON: Yes.

DR. PEIERLS: He was in the same group. Bob Christie.

MR. LARSON: Yes.

DR. PEIERLS: And now my memory is not very reliable.

MR. LARSON: I was trying to think of others who might have been there at the same time. [Luis] Alvarez was there.

DR. PEIERLS: Yeah, but he was in a very different group.

MR. LARSON: A different group.

DR. PEIERLS: This was a theoretical group.

MR. LARSON: You were entirely theoretical calculations group. I believe Alvarez was on the experimental side.

DR. PEIERLS: He was on the experimental side. I think [Charles] Critchfield was in my group.

MR. LARSON: Yes. I saw Critchfield about two months ago. He’s still…

DR. PEIERLS: It’s depressing how one’s memory fails.

MR. LARSON: We all have that problem. So you essentially stayed at Los Alamos…

DR. PEIERLS: Until after the war.

MR. LARSON: …until the end of the war.

DR. PEIERLS: A little bit longer to tidy up of course. Then my successor, my group was taken over by Fred Reines…

MR. LARSON: Oh yes.
DR. PEIERLS: …who of course is now famous for his neutrino work.

MR. LARSON: Yes. Let’s see. He later went to Cleveland.

DR. PEIERLS: I don’t remember.

MR. LARSON: I’ve forgotten. I believe it was the Case Institute.

DR. PEIERLS: Well, then I came back to England.

MR. LARSON: Oh yes. 

DR. PEIERLS: Of course I had to start more or less from scratch in Birmingham and I realized by now that a theoretical group is viable only if it’s not too small. So I persuaded, after all this work on atomic energy, my weight in the university had increased and money was sort of easy to get. I had persuaded the university to set up, I think, three research fellowships and one more teaching post. Our teaching duties were not heavy enough to justify a large staff. I decided to have some research fellows, post-docs we would say today…
MR. LARSON: Oh yes. 

DR. PEIERLS: …who would also do a little teaching to get the experience. And that worked very well. I came back in the end of ’45 and at the beginning of the year of ’46 we started the year with I think seven graduate students and it grew from there.

MR. LARSON: Oh yes.

DR. PEIERLS: So, from then I concentrated on, well, I continued research of course, but much of that was done in collaboration with graduate students.

MR. LARSON: What are some of the papers and so on that you were involved in with your students, in what fields? 

DR. PEIERLS: Some papers on nuclear physics, nuclear structure.

MR. LARSON: Oh yes.

DR. PEIERLS: Then also on the early field theory I had some papers. I came back to solid state problems.

MR. LARSON: Oh yes. What type of solid state problems? Of course that was during the great expansion of solid state physics.

DR. PEIERLS: Well, I think probably the best known one is an amusing thing. I was, I came back to solid state physics largely because I was asked to go to the summer school in Le Suchse in France to give a course of lectures on solid state physics. I decided to write this up as a book.
MR. LARSON: Oh yes.

DR. PEIERLS: In the course, in fact, after the summer school was over, but in tidying up my notes for the book, I realized that in at least in one dimension if you have a linear chain of atoms, then if this was metallic, for example if there was one electron per atom, then this regular position of the chain was not stable, but it would, the atoms would tend to move so they were in pairs. I think the chemists would call it deionized

MR. LARSON: Oh yes.

DR. PEIERLS: This seemed so general a conclusion and so surprising that I wasn’t quite willing to believe it. I went to Oxford to talk to Morris Price who was about the most critical theoretical physicist I knew and said, “Do you think this is nonsense?”  He looked at it and said, “No.” He thought it was a good argument. But it seemed of little importance because the world after all is not one dimensional. So it just became a paragraph in my book and I talked no more about it. Then of course, much more recently people noticed that in crystals containing long chains of atoms which are therefore in some sense like one dimensional, you get this effect and it’s now generally referred to as the Peierls’ transformation. 

MR. LARSON: That’s very interesting.

DR. PEIERLS: There is a lot of work going on.

MR. LARSON: What is the name of the book you wrote?

DR. PEIERLS: It is called The Quantum Theory of Solids.

MR. LARSON: Fine. Very good. What year was that published?

DR. PEIERLS: 1955.

MR. LARSON: Yes.

DR. PEIERLS: In fact, it was published almost at the same time as another book. I decided I would write a popular book about physics which didn’t use any mathematics or use any jargon because I noticed immediately after the war, there was great public interest in atomic energy. 

MR. LARSON: Oh yes.

DR. PEIERLS: I gave many lectures, popular lectures, and found that amongst the questions from the audience, there were always questions about basic physics. 

MR. LARSON: Oh yes.

DR. PEIERLS: So, I decided, but you couldn’t answer them properly because the answer took so many steps. You can’t answer one thing until you understand something else before. You could only give a very sketchy answer in those occasions. So I decided I should sit down and try to explain it all properly. That resulted in a book called The Laws of Nature…

MR. LARSON: Oh yes.

DR. PEIERLS: …which sold quite well and got translated into many languages, and is now obsolete and out of print. 

MR. LARSON: Well, some of those classical books like this never really do get obsolete though. There is always, I’ve found that in reading some of these books that were first published, you get a foundation there that later books neglect to write about.
DR. PEIERLS: That may be, but of course, it doesn’t get far enough. There have been so many things that have been discovered since then. 

MR. LARSON: That’s right.

DR. PEIERLS: Anyways, that is, it’s now in some libraries, but it’s out of print.

MR. LARSON: Oh yes.

DR. PEIERLS: Well, I think that’s about all. The fact is that then in ’63 I was invited to a chair in Oxford. I had essentially spent 23 years in Birmingham.

MR. LARSON: Oh yes.

DR. PEIERLS: I thought it was time to move.

MR. LARSON: How long have you been at Oxford?

DR. PEIERLS: Well, I’ve been there since ’63, but I retired in ’74, so I was only 11 years in that chair. Then also, I was on a sabbatical in Seattle at the University of Washington, in ’67, and got to like the place and the people very much. So I went over for several visits. Then after I retired they asked me to, offered me an appointment half-time, six months in the year. I held that for three years until I reached the retiring age of that university.

MR. LARSON: Oh yes.

DR. PEIERLS: I’m now emeritus professor of two universities, Oxford and Washington.

MR. LARSON: You have emeritus positions at two universities.

DR. PEIERLS: Yes.

MR. LARSON: That’s very interesting. Well, let’s see. You certainly have had such a very rich and varied career in many different, you have participated in the development of nuclear physics and solid state physics, both of which dominate our modern day science and technology. I was wondering if you had any general observations as to what are the fields in the directions they will take the next generation or the next decade. Have you done any thinking? 

DR. PEIERLS: Well, I have of course thought about that problem, but it’s not easy to give answers. It’s very hard to forecast how things will develop. I think that nuclear physics will probably become less important than it has been because it was started as the front line of physics.

MR. LARSON: Oh yes.

DR. PEIERLS: It is not that any more. That’s true for also atomical solid state physics, but we have very important and practical applications. We see the applications of nuclear physics as somewhat limited. I mean, nuclear power may be very important, but the problems there are not nuclear physics problems. They are engineering problems. 
MR. LARSON: Yes. 

DR. PEIERLS: Now there will always remain interesting and unsolved problems in nuclear physics, but one can see already now that they are carrying less weight than other things. The elementary particle physics and things that start from there is a wide open field.

MR. LARSON: Oh yes. 

DR. PEIERLS: The difficulty is as the field develops one needs, one is interested in higher and higher energies and the accelerators to produce those. The devices to detect those things become more and more expensive.

MR. LARSON: Yes, and require larger and larger staffs.

DR. PEIERLS: Right. 

MR. LARSON: So no longer, the day of the individual in that field seems to be almost gone.

DR. PEIERLS: That’s right and it applies particularly to experimentalists. It must be very depressing for young experimental physicists in that field because they can never do any research that is really their own. It’s only a small part of a big collective team. So it’s impossible to predict whether the energies that are within practical possibilities to reach will give us enough clues to finish the job…

MR. LARSON: Yes. 

DR. PEIERLS: …or whether we will have to leave something as unknown that we will not be able to understand.

MR. LARSON: There is a limit to the high energies that are reached on this earth.

DR. PEIERLS: That’s right.

MR. LARSON: So…

DR. PEIERLS: You can of course, there are very high energies in the cosmic rays.

MR. LARSON: Oh yes. 

DR. PEIERLS: But of course a number of particles with those high energies becomes very small and therefore to do research that way also has its limitations.

MR. LARSON: Fine. Are there any other items that we perhaps have not covered, Dr. Peierls that you would perhaps like to mention?

DR. PEIERLS: Well, I fairly recently have written my memoirs and naturally I remember all the things that are in there.

MR. LARSON: Oh yes.

DR. PEIERLS: Clearly, I couldn’t come out with the whole book.

MR. LARSON: That’s right. How, at what stage are your memoirs, in the process?

DR. PEIERLS: Oh, they are published.

MR. LARSON: They are published. So they are already available. 
DR. PEIERLS: Yes.
MR. LARSON: Well, this has certainly been a very fascinating discussion that you have given us today on this whole field of your experiences of the developing fields of physics. I want to thank you, Dr. Peierls, for this opportunity of adding to our collection of interviews with physicists…

[End of Interview]
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