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DR. MCMILLAN: …quite a small town at that time. It’s big now, but it was small then, which I don’t remember myself because my family left when I was one year old and moved to Pasadena [California]. My father was a practicing physician, general practitioner and he was educated at Northwestern University in Chicago, came out to California, set up a practice at Redondo Beach. Then he was married there and had me. Then for family reasons moved to Pasadena where two of my mother’s brothers were already practicing medicine, three actually, three of my mother’s brothers. So I basically grew up in the city of Pasadena.
MR. LARSON: Yes, well that was very close to a very famous educational institute.

DR. MCMILLAN: That’s right.

MR. LARSON: Cal Tech.

DR. MCMILLAN: All life is full of coincidence. Any person who claims that their success is a result of solely their own efforts is kidding themselves because chance also plays a large part. I think it highly unlikely that I would have thought of going to California Institute of Technology except for the fact that there it was. When I was going to high school, I was very interested in science. I always had been from a small kid, interested in scientific things. When I was in high school, I used to go to Cal Tech and they used to give evening lectures on popular topics which I used to go to and saw that it would be my school of choice, which it was. That was where I went. I graduated from there in the class of ’24 in physics, stayed one year and got a M.S. degree, which is certainly not essential, but I did that. Then for graduate school, I went to Princeton, New Jersey. One of my professors at Cal Tech emphasized to me very much the fact that nobody should go to the same school for graduate work. You should go to an entirely different place and broaden your experience, which I agreed with.

MR. LARSON: Yes, I think at least when I, before I went to graduate school, that was the general principle.
DR. MCMILLAN: That’s right. It was the general principle, but I give credit to this particular person who was Arthur [inaudible], a professor of chemistry. I say that although I graduated in physics, I did take a lot of chemistry, more than the average physicist, which I’ve always been glad that I did. It proved quite useful to me as well as being an interesting subject.

MR. LARSON: Yes, well incidentally, one of your teachers, Linus Pauling, mentioned an incident. I was wondering if you would care to confirm that, that you actually did some research work as an undergraduate that was actually published. That is quite an unusual thing.

DR. MCMILLAN: It was jointly with myself and Pauling. Pauling was then a graduate student himself. I was a freshman. He was a teaching assistant, teaching fellow, they called it at Cal Tech. He had the outer section for freshman chemistry, which I took from him. I have always considered him to be the most inspiring instructor that I ever had. He had a way of dealing with things, even then, a sort of clarity and a deep interest. I’ve always considered him a great inspiration.

MR. LARSON: His books also reflect that.

DR. MCMILLAN: Oh yes. His whole character. He had the idea that undergraduates were capable of doing research. So in this section, he had a set of four or five topics which would be of interest to do and I completely forget the other one, but I chose this particular one. I don’t know exactly what it was, and he carried it out. It was about making alloys out of metals, [inaudible], taking x-ray fraction pictures, comparing the samples and things like that. The finding was worth publishing and so I published it. Actually, it was McMillan and Pauling, in that order. It was my first publication.

MR. LARSON: That’s rather unusual.

DR. MCMILLAN: Yes. I believe that of the four or five projects that he started with this section, mine is the only one that led to publication. Of course it took longer than just the time of that particular class, but I did finish it up and publish it. 

MR. LARSON: Then when you went to Princeton then, your work was entirely in physics then.

DR. MCMILLAN: At Princeton, my work was entirely in physics. I didn’t take any more chemistry. I became interested in uses of molecular beams. There was a fellow there that I worked with that you’ve probably not heard of, who had some ideas about the electric moments of molecules. So I set up this electric beam apparatus to measure the molecule of hydrogen chloride. This fellow left and left me sort of dangling as a Ph.D. candidate with no supervisor. So Edward Congdon was there.
MR. LARSON: Oh yes. A very familiar name. 

DR. MCMILLAN: I knew him well. So I asked Congdon to be my supervisor. He was of course a theorist and I was doing experimental problems, but he agreed. As I remember, we had a sort of agreement that he would be glad to do that if he didn’t tell me what to do and he never did.

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

DR. MCMILLAN: My thesis problem was this molecular beam making a beam of hydrochloric molecules, deflecting them in an electric field. As soon as I got, actually before I got the degree, I had applied for a National Research Council fellowship and by that time, this would be 1932, ’31 or ’32 that I applied, the National Research Council was a very important thing in American science. I believe they still go on. You don’t hear so much about them now, but then it was a very important thing.

MR. LARSON: Right. That was very prestigious thing to be awarded one of those.

DR. MCMILLAN: I wanted to come to Berkeley and work with [Ernest] Lawrence. I knew Lawrence only slightly, but I knew about his work and I wanted to continue with molecular beams, but work under Lawrence. Lawrence agreed. The fellowship was granted. So I came to Berkeley on December 2, 1932. I remember that very well with my new Ph.D. 

MR. LARSON: Oh yes.

DR. MCMILLAN: I started work in the [inaudible] Hall, the physics building on campus, not in the radiation laboratory because I was going to do the molecular beam experiment. I was going to measure the magnetic movement of protons. Well, Otto Stern was already working on that problem in Germany and I knew that, but I thought I would try it anyhow. Well, as it turned out he got there first and got the measurement. I dropped that and went into the radiation laboratory where Lawrence was working with the cyclotron.
MR. LARSON: Was that about a year afterwards?

DR. MCMILLAN: Yeah, that was the spring of ’33, I guess.

MR. LARSON: Yes.

DR. MCMILLAN: No, I’m wrong. The spring of ’34. The fellowship went, I had the fellowship for two years.

MR. LARSON: Oh yes.

DR. MCMILLAN: I finished the first year, got started in the second year and it was in the spring of ’34 in the laboratory. I had of course visited the radiation laboratory many times and knew the people there and what was going on. Well, when I went to work there it was an entirely new circumstance than what I was used to. I had been used to being the lone researcher working by himself [inaudible] in the basement probably and not having to interact with a group of assistants. What I had done at Princeton where my thesis was done entirely by myself and I was doing the same thing here at Berkeley [inaudible]. The radiation laboratory was a cooperative venture. It was a group of people working together and Lawrence, being the boss, everybody called him the boss, but not having any particular administrative organization. In the rad lab, they were not organized. It was a group of people with Lawrence as the boss, the boss and his boys. There I did, I worked on quite a number of different things. I don’t know how much you want me to try to remember…

MR. LARSON: Maybe just list a few of them. 

DR. MCMILLAN: I guess perhaps one sort of interesting thing was the discovery of the first radioactive isotope of oxygen.

MR. LARSON: Oh yes.

DR. MCMILLAN: Which is oxygen-15, I guess. It turned out later to be of some importance. It was a very interesting job with some interesting features in establishing this, which I won’t’ talk about. [Inaudible] ’34, in 1940, I left the radiation laboratory, if we’re establishing dates…
MR. LARSON: So you’re thinking it would be between your discovery of the radioactive oxygen isotope and when you left to go to MIT, was it. Then there were a number of other things in there.

DR. MCMILLAN: What you’re interested in is probably the neptunium story.

MR. LARSON: Yes, the neptunium and plutonium.

DR. MCMILLAN: Right. That is the most famous thing I did there. Well, the neptunium story, it’s been told so many times, I don’t think you want everything.

MR. LARSON: No, I was wondering to start how you got the idea.

DR. MCMILLAN: We first of course, [Enrico] Fermi had claimed to find trans-uranium elements sometime before, along with the discovery of neutron induced activity, there was the discovery of uranium which was a very complex phenomenon. Several people were studying it and not really understanding it until Otto Hahn and [Fritz] Strassman had finally figured out was really going on which was a process of fission in which the neutron is captured by uranium and the atom splits into two big pieces. It would fly apart. Lise [Meitner] came to Berkeley and created a great deal of excitement for many different reasons. I remember the researchers of the laboratory had various ideas that they would like to do to increase knowledge of this phenomenon. The thing I decided to do was to look at the recoil. That is: when do they fly apart? They’re going fast enough to go quite deeply. It’s like an alpha particle. When they stop, of course they are radioactive and radioactivity can be detected. They cause recoil because the recoil begins when they fly apart. I had observed instances of recoil in other phenomena before that. So I was sort of familiar with the idea. I said well, I’ll observe how far these things travel. What is the range of these particles, the fission fragments when they fly apart? The way to do this is, you have a thin layer of something which will undergo fission, which could be uranium or in my case it was uranium oxide which was a metal. What you do is grind up your uranium oxide into a fine powder, put it on the surface of something, a very thin layer and then when the neutrons hit that, the uranium atoms split apart and pieces fly out and then you have a stack of layers of something next to that. So the ones that go the fastest penetrate deeply and the ones that go less fast are less deep and so on. You have these dots at various depths. Then you take apart these layers, the pile of thin layers, put each one under the electroscope, measure the activity and see what the range is.
MR. LARSON: Oh yes. So you would have a series of those thin layers…

DR. MCMILLAN: The thin layers, yeah. I remember I used to, I used aluminum foil sometimes. I also used cigarette paper sometimes. The great thing about cigarette papers is because it’s interesting. Cigarette papers have the advantage over the metal foil. The metal itself turns active. So you have activity on top of what you’re looking for. The paper doesn’t.

MR. LARSON: Just paper carbon…

DR. MCMILLAN: So you get a clean sample. I observed in these layers of paper, you know, the biggest activity was in the first one and then less and less and less. You plot them on a curve and get the range with is approximately an inch, equivalent in air, that amount of air. The most interesting thing was in the uranium layer itself was this different activity. It’s always different because when you put an active material under the electroscope, you measure the activity, then you take a watch and you wait again, and again. It’s decaying down. It’s what’s called a decay curve. The fission products have a certain kind of decay curve. This stuff that did not decay, that did not recoil out, that stayed behind had a different shaped decay curve. That was the decay curve belonging to, what was it, two point, about two hours, I think it was. I didn’t prepare myself for this interview. I had forgotten totally about it.
MR. LARSON: As I remember it was 2.3 hours.

DR. MCMILLAN: 2.3 hours. That sounds right to me. That was something different.

MR. LARSON: That was significant though. 

DR. MCMILLAN: It was the obvious inference and the material that stayed behind was a transuranic element, you see, because fissions elements are not. They are elements of about half the weight because it breaks into pieces, but the transuranic [inaudible] captured the neutron, adding it on so it’s actually heavier than uranium and it gets no recoil because nothing bounces out. So it stays put. So that was my interpretation that it was probably transuranic, but of course that was not sufficient proof. I published these findings and one of my colleagues, who was Emilio Segre, immediately got interested and said, “I would like to find out what that thing is chemically, that non-recoiling activity.” I said, “Fine. Go ahead.” So I made samples for him as I remember. You make the samples by taking these thin layers, you know and throwing away the recoil capture and just saving the thin layers. He came up with the conclusion that it was a rare earth. Now the rare earths are a group of elements, a string of about 14 elements with about the same chemical properties, but they…
MR. LARSON: Almost identical properties.

DR. MCMILLAN: Yeah, but you can tell them apart, but they are close to identical. Some of the fission products themselves are actually rare earths. Emilio said this was just a fission product that happens to have a very short life. Well that was strange. I kept pausing over this and after Segre had published his paper, I went back to this thing and kept trying to use my own chemistry to see what I could find out. I found trouble making a clean separation. The rare earths, with a little chemistry, rare earths’ characteristics before precipitate that is when the solid filters out, its difference, and you add hydrofluoric acid to the solution rare earth. You get fluoride that comes out. Another thing is oxalic acid that comes out. I was making these characteristic tests for rare earths, you know and my activity would sometimes go with the rare earths and sometimes not. It was very strange. It happens that Phil Abelson who had been a student at Berkeley was now in Washington was also interested in the same thing. I guess he had probably read my paper on the non-recoil activity and was making this stuff. They didn’t have quite as good a source as we had. Their samples were weaker, but he was making it and trying to find out what it was too. In the course of this, he had apparently gotten some ideas what the key to this might be. He came out to Berkeley for a bit. This was the spring of 1940, I guess, and exactly the date, I don’t know. 
MR. LARSON: It must have just been about that time, 1940.

DR. MCMILLAN: Yeah, well it was the spring of ’40, but the day I don’t know. Phil has a much better memory. Phil has been an editor for so long, he’d have to.

MR. LARSON: That’s right. He accumulates a lot of those facts. 

DR. MCMILLAN: Anyhow, he came out and he knew somehow that I was working on this and he said he was worrying about this thing, too. “I have some ideas of what, how we might solve it. Could I work with you?” I said, “Great”. So we worked together and apparently in five days, according to what he remembers, it was five days that he was here and he had very clear ideas what to do. I would try to explain just a little bit. In the first place, this thing was a transuranic element.

MR. LARSON: That, of course, was a tremendous thing.

DR. MCMILLAN: It was neptunium, the thing which I made, I claimed that. Phil had already left at the time I coined this name. Neptunium has different states of valence. Some of them have different states of valence. I won’t try to explain that on camera, but you can get something to a higher state by adding an oxidizing agent, or a lower state by adding a reducing agent. In the case of neptunium, the higher state was chemically similar to uranium itself. The lower state was similar to a rare earth.
MR. LARSON: Oh yes.

DR. MCMILLAN: That was the key to the situation. With the reducing agent, and then put your hydrofluoric acid, down it comes, a precipitate. You put an oxidizing agent, none of it comes down. It’s a very, very clear separation. So, the reason I was getting these spotty results was that I was not controlling the state of oxidation. This idea had not occurred to me. That was Phil’s idea. So with his idea and my samples, which I made in working together in these five days, we showed how to separate the stuff so it was not like any other element on the periodic table, that is already known, and were able to demonstrate how, I must say, I think I made a slight misstatement earlier. Pardon this mistake. I said that 2.3 hour activity was neptunium. It was not. The 2.3 activity is a form of uranium…

MR. LARSON: Oh yes.

DR. MCMILLAN: …that decays into a 2.2 day activity which is neptunium.
MR. LARSON: Yes, that would be the uranium-239…

DR. MCMILLAN: 239. There were two activities…

MR. LARSON: …which decays into neptunium.

DR. MCMILLAN: The short period, the two hour one was uranium itself, the higher uranium. The longer one was neptunium. I’m sorry I made that mistake, but anyhow, [inaudible] demonstrate the growth of one to another by having a pot full of one and then milking samples out showing stuff going back. That worked perfectly and so we wrote a paper, Phil went home and there it was. Neptunium was there by discovery. 

MR. LARSON: Yes, well, that’s a very…

DR. MCMILLAN: It was extremely clean cut. Many scientific discoveries are controversial for a long time and people dispute them and you have to repeat them. This did not happen. This was so clear, so convincing, and anybody with a source of neutrons and a thing of uranium could repeat it. It was accepted instantaneously. It was very clean cut.

MR. LARSON: Then…

DR. MCMILLAN: Then the next element would be plutonium of course, formed by the decay of a two day period. I continued after Phil looked at that, it should be an alpha emitter. I found some alpha particles, did some chemistry and was sort of working into identifying this when it came time to go into the war effort and I went off to MIT to work on radar. 
MR. LARSON: Oh yes.

DR. MCMILLAN: That was in November of 1940, and I never got back into this business. After I had gone to MIT, Glenn Seaborg who was here, who had been, knew what I had been doing, wrote me and asked if he could continue this work that I was doing. He said, “I don’t know how long you’ll be at MIT, but the work should be done.” I said, “Fine. Go ahead. I don’t think I’ll be back for years,” which I wasn’t. So that’s how Seaborg got into it. He and his group of people took steps so much to establish the chemical nature of the next element which was up from plutonium. They wrote a paper that was not published until after the war because of secrecy.
MR. LARSON: Oh yes.

DR. MCMILLAN: They put my name on that paper. It was very nice of that group actually because I had of course led them into it, given them all my notes and things. So I was there in spirit, but the actual doing of the thing was this group. So I can be considered a co-discoverer of plutonium. 

MR. LARSON: Oh yes.

DR. MCMILLAN: I never actually, however, worked any more in this. I came back after the war. I was at three different research establishments: MIT working radar; U.S. Navy Radio and Sound Laboratory in San Diego working on sonar, underwater sound for submarine detection; and in Los Alamos working on the atomic bomb. 

MR. LARSON: Oh yes.

DR. MCMILLAN: Three different places.

MR. LARSON: So you, in succession, you were at several large installations.

DR. MCMILLAN: I was in the beginning of every one of these things. I was sort of one of the pioneers. Then when I came back, what I was interested in was building a synchrotron because in the last months at Los Alamos, when things were winding down, I tried to think of what to do when I came back. I was away on leave from Berkeley.

MR. LARSON: Oh yes.
DR. MCMILLAN: I had the idea for a new kind of accelerator which I called a synchrotron, and that’s what I went into there. I clam to have added two words to the language: neptunium which I thought of that name after Phil had gone, and I think the first place that it ever appeared in print was in one of the local papers.

MR. LARSON: Oh, that’s an interesting thing.

DR. MCMILLAN: Right at the time, there was a press conference and I said, “I think it should be called neptunium.” I thought of Neptune because that’s the next one. It follows Uranus which uranium is named for, the planet Uranus. Then plutonium would be the obvious next one for Pluto, although I don’t think I said that, but I had that in mind. Now Seaborg claims that he made up plutonium, which we certainly did, separately and independently. 
MR. LARSON: Well it was natural after you named neptunium. The next natural name would be plutonium.

DR. MCMILLAN: It was obvious. Of course synchrotron, the name for the accelerator was also a name I made up. So I contributed two words to the language.

MR. LARSON: Oh yes. Well, how did you come to the idea of the synchrotron which gave you such tremendous voltages over what had previously been possible.

DR. MCMILLAN: The cyclotron is what one might call a resonance accelerator. I might say for those who don’t know too much about accelerators that a particle is accelerated by applying an electric field to an electrically charged particle. The electric field pulls it along, makes it go faster, like a string pulling something. Then if you try to insert something just in one shot, the only energy you get is the voltage you apply to that piece [inaudible]. You apply too high a voltage, you get sparks [inaudible]. So there is a limit on [inaudible] one shot acceleration. So the idea of a resonance accelerator is to have something that for instances goes in a circle and you get a poke every time around. That’s the cyclotron, Lawrence’s invention. The particle goes around this circle in the magnetic field and some electric field is timed appropriately. Every time it comes around [inaudible]. So it’s a resonance effect [inaudible]. 
MR. LARSON: Essentially a…

DR. MCMILLAN: Continue the application of the same thing over and over again.

MR. LARSON: Essentially radio frequency…

DR. MCMILLAN: Right. The frequencies have to match. 

MR. LARSON: Have to match the magnetic field.

DR. MCMILLAN: Right. That was the cyclotron and the cyclotron was tremendously successful. There was however a problem with going to very high energy because if the size of the poke you get is limited by what voltage it could stand. So if you want higher amps, you get more pokes. It goes many, many times. Then there was a problem with getting the time right. It would go 100 million times around. Maybe a small error would get piled up…

MR. LARSON: Oh yes.

DR. MCMILLAN: …in time. So that was the problem with the design of the cyclotron with high energy was how to make the timing accurate. In other words, some effects, [inaudible] effect which [inaudible] pointed out. The particle gets heavier because you add mass. Mass is energy, you know. It gets heavier and goes around more slowly. So it falls out of step. If you grab a certain frequency that you apply as it’s slowing down, how do you make up for that?

MR. LARSON: So you get the complications of the relativistic increase in mass.

DR. MCMILLAN: That’s right.

MR. LARSON: You would get…

DR. MCMILLAN: Plus errors in construction and everything.

MR. LARSON: Yes.

DR. MCMILLAN: It piles up. So I was, and this would be in 1945 at the time. That would be in July. The exact date I don’t remember. I never kept a diary so I don’t have that down, late in July of 1945. I remember the circumstances. I was lying in bed awake thinking, just imagining this thing going around the cyclotron, you know and what happens if the particles motion gets out of step [inaudible]. I could see in my mind what is happening, but it doesn’t go all the way out of step. It sort of wiggles back and forth, you know, to give it stability. What I end up calling phase stability. It locks in the motion if the circumstances are right. I would tell you the details, but we don’t have that sort of time, I don’t think. But if the conditions are right, the motion locks in and then they vary the field a little bit it will lock in a new point, but you won’t lose your grasp of it. You’ve got it by the short hairs, you know. That idea seemed to me to be extremely powerful. I got up the next morning and I wrote down some equations, proved that it really worked out that way. Then I started, I made up the name right off. I said, “That’s going. I’m going to call it synchrotron,” because it’s a synchronous motion, like a synchronous motor.

MR. LARSON: Oh yes. 

DR. MCMILLAN: It locked in the same way a synchronous motor locks in. I started telling people. I remember one person I told it to said, “Gee, I’m kicking myself. Why didn’t I think of that?” The common reaction was that. I don’t remember anyone ever saying, “That’s too complicated”, or “That will never work.” They said, “Hey, great. Why don’t we do it?” 
MR. LARSON: They could see that it was a sound principle. 

DR. MCMILLAN: I wrote a letter to Lawrence, which I still have, telling him. I wrote a letter and then a short description of the idea. I still have those things. I said I found a much better way of doing this. I’ve been trying harder ways of getting higher energy in principle and Lawrence came to, he visited Los Alamos. I think this was just before the Trinity Test. He came out for the Trinity Test.

MR. LARSON: Oh yes.

DR. MCMILLAN: We discussed it and Lawrence said this is great, you know. There were some objections. One person worried about the radiation loss, loading the thing down too much. It took some time to get that straightened out. Then we were able to show that was not a serious objection. So, then I published it, which is, I published the synchrotron proposed as a new high energy accelerator and shortly after that, September toward the end of September in ’45, I came back home and the Atomic Energy Commission, I’m sorry, the Manhattan District, AEC wasn’t…
MR. LARSON: That’s right. That was just before the establishment. 

DR. MCMILLAN: The Manhattan District under General Groves supported the idea of building this purely civilian type piece of equipment, as a piece of science. “Let’s get it started under the Manhattan District.” 
MR. LARSON: That’s interesting. I had the idea that that developed under the newly formed Atomic Energy Commission, but it was still in the Manhattan Project when you started it.

DR. MCMILLAN: I want to emphasize that because they were very supportive. They supported a number of things that were very forward looking and were not really military things. They were actually easier to deal with than the AEC was. There were so many tiers of bureaucracy.

MR. LARSON: Much less red tape too. 

DR. MCMILLAN: Essentially if you could get General Groves to agree that something was good he’d say, “Go ahead.”

MR. LARSON: Yes. Well that’s very interesting. 

DR. MCMILLAN: [inaudible].

MR. LARSON: Yeah.

DR. MCMILLAN: [inaudible] published in the Journal of Physics Today, a little historical article about that, which…

MR. LARSON: Oh yes.

DR. MCMILLAN: …I gave a lecture at Harvard a couple of years ago and finally got it published.

MR. LARSON: It was published in Physics Today.

DR. MCMILLAN: [inaudible].

MR. LARSON: I’ll have to take a look at that. That’s an interesting point. 

DR. MCMILLAN: There’s a copy right there I’ll let you look at.

MR. LARSON: Well, fine. How then, how long did it take until you actually had a machine?

DR. MCMILLAN: We’re talking about three years. It took three years to get it going.

MR. LARSON: Yes. 

DR. MCMILLAN: There were certain textbook problems with the design. It had vacuum leaks and we had trouble with the uniformity of the magnetic field. You have to have a varying magnetic field because of the pulsing up and down, but all those got solved. Almost everything takes longer than planned.
MR. LARSON: Oh yes. That’s usually, however in today’s framework, three years is a very short period of time.

DR. MCMILLAN: That’s nothing.

MR. LARSON: Right, that’s nothing. 

DR. MCMILLAN: Especially when you’re dealing with 300 million volts. 

MR. LARSON: Yes. 

DR. MCMILLAN: It was a very successful machine.

MR. LARSON: For reference now, how high did the cyclotron voltage get and how high did the synchrotron voltage get? What is the…
DR. MCMILLAN: Let’s see. I’m not sure I can remember. The synchrocyclotron which I haven’t mentioned yet is using the synchrotron principle in a cyclotron type application. It worked very quickly, you see. It had a fixed magnetic field, but at varying frequencies. You have to [inaudible]. 

MR. LARSON: Sort of like frequency modulation.

DR. MCMILLAN: That was running, I don’t remember what it was at that time. Like 100 million.

MR. LARSON: Oh yes.

DR. MCMILLAN: Like 100 million. Something like that.

MR. LARSON: Then the synchrotron was…

DR. MCMILLAN: Of course previous [inaudible] ability. Cyclotrons weren’t going more than I think about eight million, or something like that. Also, [inaudible] what part of the plutonium ion. It’s a little more complicated. 

MR. LARSON: Oh yes.

DR. MCMILLAN: It’s not like sport statistics which have a single meaning.

MR. LARSON: Yes. Well that’s, essentially in rapid succession it went from say 10 million to 100 million to 300 million.

DR. MCMILLAN: Yeah, right.

MR. LARSON: The synchrotron was able to do upwards of 300 million, which of course opened up a completely new tool for recording physics.
DR. MCMILLAN: Nowadays they build things using the synchrotron principle that would go up into the many, many, many billion volts. 

MR. LARSON: Yes.

DR. MCMILLAN: So this was just the beginning really.  This was, looking back, pictures and this article I was talking about, everything was so small, so primitive, compared to what’s done now. 

MR. LARSON: Oh yes. Of course there is tremendous new knowledge of physics, of nature that grew out of those, first the cyclotron, then the synchrocyclotron, and the synchrotron, a continual advance in our whole understanding in nuclear physics there. Well that was really, that must have been really exciting times. When was the synchrotron actually placed in full operation then?

DR. MCMILLAN: Let’s see...

MR. LARSON: Was it 1950, was it? 

DR. MCMILLAN: I would have to, I have it written down. I have publications here, but I’ll try to figure it out. 
MR. LARSON: You first had the synchrocyclotron, then later the synchrotron.
DR. MCMILLAN: Around, beginning in 1949.

MR. LARSON: Oh yes.

DR. MCMILLAN: [inaudible] beginning of ’49.

MR. LARSON: Yes. Fine. Well, that was certainly an exciting period of increasing the voltage available.

DR. MCMILLAN: Oh yes. It was exciting, a mixture of frustrating and exciting when you’re trying to make something run which has a lot of new technology in it. You are also struggling to get it to go. There were a lot of incidents in achieving this, which I would not go into. Read my article.

MR. LARSON: Oh yes. Fine. Well then from that point on, what was the next job that you tackled?

DR. MCMILLAN: Then of course running the synchrotron through various researches. I think of the most important thing that it did was the verification of the neutral [inaudible]. 
MR. LARSON: Oh yes.

DR. MCMILLAN: It was done by [Jack] Steinberger, [Wolfgang] Panofsky and [J.S.] Steller.
MR. LARSON: Oh yes. And that was done on…

DR. MCMILLAN: That was done with the synchrotron. A lot of other things were done and then I became the associate director for physics in the laboratory.

MR. LARSON: Oh yes.

DR. MCMILLAN: Then eventually laboratory director. Somehow looking back, the administrative things don’t look that interesting.

MR. LARSON: Oh yes. That’s right. They aren’t that interesting.

DR. MCMILLAN: In retrospect, to me certainly not to the listeners.

MR. LARSON: Fine. Well incidentally, I was wondering if you could clarify, you received the Nobel Prize. Was that for a combination of your work on plutonium and the synchrotron, or how did that work?

DR. MCMILLAN: The Nobel Prize, there is always this citation which is always for some specific thing.

MR. LARSON: Oh yes. 

DR. MCMILLAN: In this case, it was jointly to myself and Glenn Seaborg and the citation was for the discoveries and chemistry of the transuranic elements. 

MR. LARSON: Oh yes. 

DR. MCMILLAN: That’s very specific.

MR. LARSON: Very specific.

DR. MCMILLAN: Also significant. It does not say for the discovery of transuranic elements because the citation for Fermi had mentioned for the discovery of elements. So that was used up. Although we were the ones who actually did, we plus Phil Abelson. Too bad Abelson didn’t share in that, but that’s the way they did it. 

MR. LARSON: Yes.

DR. MCMILLAN: We discovered it, but the Nobel was not to say that. I can point that out. Discoveries and the chemistry. We showed the difference in oxidation states which was the key to the chemistry, but we also discovered them, but they couldn’t say that. I think the Nobel Committees work, I suspect that they take into account a man’s whole life work. They may not specifically cite it. Perhaps the fact that I had done other things may have persuaded them a little bit. Glenn and I both have done other things.

MR. LARSON: Oh yes.

DR. MCMILLAN: Glenn went on and discovered a whole string more of transuranic elements all the way up with various collaborators.

MR. LARSON: Oh yes. 

DR. MCMILLAN: My other big contribution was the synchrotron, phase stability. They probably mixed that in a little bit, but it’s so standard…

MR. LARSON: Essentially then the first award to Fermi was, you might say, a little bit of an error.

DR. MCMILLAN: It was an error. Let me say about the Fermi award. The discovery of the neutron capture [inaudible] activity is completely sufficient of the Nobel Prize. The discovery of new elements was not needed for it. And secondly, Fermi is such a towering figure, you know, even if he hadn’t done it, he deserved the prize for something. The laws of fate [inaudible] any number of things. 

MR. LARSON: Oh yes.

DR. MCMILLAN: That particular plate was purely raw. There is no [inaudible].

MR. LARSON: It’s because of his tremendous contributions. 
DR. MCMILLAN: Fermi [inaudible]. I think some of the awards in medicine have been criticized as being really mistakes, treatments that really weren’t that good, but this case is not a mistake [inaudible].

MR. LARSON: Yes. I think there were two errors, just plain errors in medicine. Muscle physiology had an award that was…

DR. MCMILLAN: I don’t remember, but some of the awards in physics have seemed a little odd to me, like the guy that discovered invar [sp?] for instance. That’s an important thing to have a [inaudible] coefficient, but it doesn’t quite go in the same category as say a quantum law or something.

MR. LARSON: That’s right. Well…

DR. MCMILLAN: [inaudible] there was another award, the Atoms for Peace Award which [Vladimir] Vexler and I was given, jointly. That was for the synchrotron. Vexler of course with the Soviet Union carried on entirely independent from me and earlier, had exactly the same idea. When I saw Vexler’s paper, you know, he had a paper published in England. It could have been copied off of mine, or I could have copied off of his, which I didn’t because I had seen it when I wrote mine, but we had very closely the same idea. We were given jointly the Atoms for Peace Award.
MR. LARSON: So you got the Atoms for Peace Award for that. Well, that’s very interesting.

DR. MCMILLAN: I got to know Vexler quite well. He’s dead now.

MR. LARSON: That’s fascinating. Well, now those are fascinating contributions and of course you followed that up with many years of director of the laboratory and your leadership role was responsible for a lot of tremendous contributions of the laboratory, during that time. Are there any that you care to expand on?

DR. MCMILLAN: I don’t consider, one thing, if you’re an administrator, the other people are doing all the really worthwhile stuff, you know. You’re just shuffling papers and seeing if the facilities are there. 

MR. LARSON: I think you’re entirely too modest. A lot of that needs leadership and appointing and helping with direction. 

DR. MCMILLAN: I could also say perhaps if I expected to talk about this I could have put together some things, you know, but I don’t have any peaks standing up in my mental record.

MR. LARSON: Well…

DR. MCMILLAN: Of things where I have stuck my finger in and have said this is a good thing to do. I don’t doubt that they exist, but I don’t have them formulated and I’m not going to make anything up.

MR. LARSON: Yes. Well of course, the purpose of this is to, just to get those outstanding contributions and then with neptunium, plutonium, and the synchrotron, those are the mountains in fact that remind me a little bit of the New Yorker cartoon where they have this picture, cartoon of the caveman sitting with a self-satisfied look and his neighbors are saying, “So, he invented fire and the wheel. What’s he done lately?”

DR. MCMILLAN: I know.

MR. LARSON: So all you’ve done is neptunium, plutonium, and the synchrotron, but that’s certainly, those are the types of things that we want to get on record. I think you’ve really explained these things very well so that viewers of this will have a much better idea of actually how these things came about.

DR. MCMILLAN: It would be very nice if you could have a questions session so that people that see that can ask me questions, like explain further, but there’s no way to do that. 

MR. LARSON: That’s…

DR. MCMILLAN: That’s why I try to put in explanations that go along with it. I may have left something out.

MR. LARSON: No, I think your explanations on all of those discoveries made it very clear and I think also put it in the right perspective as to what field of science was advanced by these things. I think this has done very well. You mentioned that you don’t see any other points that you wanted to bring out though in this.

DR. MCMILLAN: No, not right now.

MR. LARSON: Fine. Well, as I say, this was a very meaningful explanation of these and is going to add tremendously to our whole series. I want to thank you, Ed, for this very clear cut exposition of your contributions and I’m sure those who view it will be able to get a new perspective on some of these things that have happened.

[End of Interview]
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