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DR. KAMEN: …I was born.
MR. LARSON: Correct. That’s usually the first point.

DR. KAMEN: I probably was born on August 27, 1913, which I’m 72 now. It was in Toronto because my mother’s sisters wanted her to come across the border where they could see what was happening.

MR. LARSON: Oh yes.

DR. KAMEN: So I was born in Toronto, Canada. I didn’t care for the town very much and when I was three months old, I left it with my mother and we came back across the border. The people there didn’t seem to recognize that I was with my mother because it took me several years later to prove that I had come across the border at all. 

MR. LARSON: Oh yes. 

DR. KAMEN: And when I was trying to get some citizenship papers, my father had his first papers at the time, was in the process of getting a second. Am I talking too fast?

MR. LARSON: No, this is fine. I was going to ask what was the country of origin of your father and mother.
DR. KAMEN: My father came from white Russia, near the town of Belleshtock [sp?] and my mother came from Latvia [inaudible].
MR. LARSON: Oh yes. 

DR. KAMEN: And they both met in this country. They were married in Chicago, I believe, I’m not sure. That was around 1911 or so. My father bought a photograph studio in Hyde Park in Chicago and that is where I was raised. After I came back to Chicago from Toronto, I went to the usual elementary school and high school and college all within an area of one square mile, on the south side of Chicago in Hyde Park.

MR. LARSON: Oh yes.

DR. KAMEN: At that time, I had no interest whatever in science. In fact, I thought people who were, were rather bizarre. Around me were all kinds of types working on crystal sets and doing all kinds of things with little steam engines. I never bothered with that. I was a musician. I spent most of my time learning how to play the violin, which I was considered fairly good at the time and in fact I was suppose to be a professional musician, but the Depression came in 1933, or ’30 I guess it was and something else had to be done.

MR. LARSON: Yes, incidentally at what age did you start your musical training?

DR. KAMEN: When I was about six.

MR. LARSON: Oh yes. So you started very early.

DR. KAMEN: I was giving concerts when I was eight. I remember playing in a concert downtown where there were several thousand people in attendance and I was something of a protégé at the time. So I was playing the violin and taking the usual courses without any particular emphasis on science at all. In fact, when I went to the University of Chicago in 1930, my idea was to get rid of the science requirement as fast as possible. So I took geology which was more or less an innocuous thing to do, and that was during the spring quarter. I entered very early. That was, I think I was maybe about 16 when I went to the University of Chicago.

MR. LARSON: You had graduated from high school…

DR. KAMEN: From Hyde Park High School, yes.

MR. LARSON: …at an early age then.

DR. KAMEN: I was about 15 and a half or 15. I used to go to summer school. My father wanted me to get through school as fast as possible. It was his idea that the faster you got through school the better, stand point of getting into a career later. So he pushed very hard on this. I went to summer school and spent most my time just studying and reading. I had a very good background in the humanities and classics when I got to the university. At that time I was thinking of doing a major in anthropology or archeology because there was a very good school of archeology at the university run by [James] Breasted and also the idea of going on field trips which took me outside that one square mile I was raised in was very attractive to me.
MR. LARSON: Oh yes.

DR. KAMEN: But then the Depression came and at that point my father wanted to know what I expected to do. I thought I might major in English. I think I mentioned elsewhere that such being a vicarious vocation of guidance, my advisor was Professor Gladfeld [sp?] who was an organic chemist. He was trying to figure out some kind of course of study for me which would more or less minimize the science requirement and get me involved in the languages or something else. So the first quarter I was at Chicago, which was the spring quarter of ’30, I took geology and English, I forget what else. I took some mathematics. I had a pretty good mathematics background. So I took some I think it was analytical geometry. I was all set to go next Fall into a program in German and English, and in fact everybody expected this. Then came the Depression during, it came very fast and suddenly we were very poor. We couldn’t afford these luxuries of taking things which might not involve making a living. So my father suggested I might become a chemist.

MR. LARSON: That’s a very interesting point you raise there because there are several very famous physicists who started life out as chemists, such as [Eugene] Wigner, [Edward] Teller and I think there are several others, primarily because they felt that was a good way to earn a living.
DR. KAMEN: That’s right. I don’t know about the Europeans, but [Robert] Oppenheimer, of course, was a chemist for a while. I think he had an independent source of income. In any case, I came back in the Fall and informed my startled advisor that I was going to go into chemistry. He had to change everything and we suddenly discovered that we had to get rid of the language requirement very fast. So I spent the next three or four, in fact, I got a Ph.D. after six years, starting from, I think I got it in 1936. Of course I was very unhappy about moving so fast, because I was never really sure about how much I knew. I did a lot of reading and a lot of work and the circumstances were such that I finished up doing a Ph.D. thesis on the scattering of neutrons from protons in a cloud chamber in the chemistry department. Dr. Harkins who was suppose to be my supervisor, actually my, who watched me mostly was the assistant to Howard Harkins named David Ganns, the young assistant professor. He was the one who built the cloud chamber I used and who was more or less in charge of what I was doing. So I thought of it as a very ambitious project involving finding out what the nuclear forces were between protons and neutrons, looking at scattering.
MR. LARSON: What was your source of…?

DR. KAMEN: We had some thorium C-prime. We had some beryllium. The alpha particles were thorium C-prime made the neutrons. It was a very weak source.

MR. LARSON: You didn’t have access to a cyclotron at that particular time.

DR. KAMEN: No, it was a very weak source. In fact, it was much too weak to really do anything with. In three years I managed to accumulate 90 recoils, protons, maybe 40 or 50 more. I got several hundred recoils which I could analyze and from this, I tried to make some kind of a guess as to what the statistics were and also what the scattering angles were for it, the protons and neutrons. I came out with a rather anomalous scattering which seemed to indicate that there was a force working at energies much too low to be accounted for by the normal theories. I think the data was wrong actually, but that’s what I ran into at the time. I got to know Franz Kurie this way. K-U-R-I-E, who had done the same thing at Yale a few months before and who had gotten the same result also with inadequate number of recoils. So I was interested in continuing this when I went to Berkeley. That’s why, I arrived in Berkeley in 1936 during that Christmas and I found Kurie there. We hooked up together on a project because I found that the number of neutrons available at Berkeley was something like a million times more than I was used to. One cloud chamber expansion would show effectively a forest of recoils where as I would maybe have to wait four or five expansions to see one in Chicago. So the trouble was, we had so many neutrons we couldn’t handle them. They were coming from all directions actually and they weren’t columnated. So we had no idea from which direction they came originally. So we were, in one case I had too few neutrons and the other I had too many. In any case we did some work on this. It was during this neutron work I found something that was interesting and that was, with Kurie, that sometimes we would see some very short recoils which could only be explained as being the result of a neutron being captured and a proton being emitted with a formation of carbon-14. That was about 1936.
MR. LARSON: It was that early. I didn’t…

DR. KAMEN: In fact there were enough of these, they were stubby recoils with a constant range because they were made by slow neutrons. So there was no contribution from the kinetic energy of the neutron and that, we always saw they rearranged despite the heat of the reaction before it made carbon-14. So…

MR. LARSON: Incidentally, what was the source of neutrons in the, from the cyclotron.

DR. KAMEN: We were doing deuterons of beryllium. 

MR. LARSON: Deuterons of beryllium.

DR. KAMEN: And making lots of neutrons, gamma rays, everything. And then we had the water tanks, and we had a small hole in the water tank through which some neutrons emerged. It cut down the number [inaudible] through this small hole and we had the [inaudible] position at the hole where the neutrons were suppose to come out. If you moved the cloud chamber either direction they fell way off. That gave us a feeling that we were doing all right, but of course, it turned out that there was a lot of scattering. In any case, I saw enough of these recoils that we were actually able to calibrate the chamber. One of the problems was, what was the stopping power of the gas at the time of a recoil. 

MR. LARSON: Did you do this work incidentally in the chemistry department or the physics department?

DR. KAMEN: It was in the radiation laboratory.

MR. LARSON: In the radiation laboratory.
DR. KAMEN: Which was the physics department, but it was essentially an independent autonomous operation and I wasn’t involved with chemistry at all. The idea was that we were using these recoils, these carbon-14 recoils, presumptuous carbon-14 recoils to get some idea of what the stopping power of the gas was at the time of expansion. It was a very nice internal monitor, but that was as far as we got at that time. The series of events that led to the eventual discovery of [inaudible] and other places, but in any case, that was the first time I had ever seen these things. I thought that if we ever had a chance to follow up on this, we might find out whether there was any radioactivity associated with recoils because in a cloud chamber you only see the recoil and that’s all. How long it lasts or what the half-life of it was entirely unknown.
MR. LARSON: So that was the basic work which essentially, at least certainly one explanation from that reaction was that carbon-14 must have been formed. 

DR. KAMEN: Yes, that was the easiest explanation.

MR. LARSON: But presumably the yields at that particular time…

DR. KAMEN: Very small.

MR. LARSON: …were so small that…
DR. KAMEN: Well, with one or two recoils every ten expansions.

MR. LARSON: Yes. 

DR. KAMEN: In terms of what the actual yields were, I think it must have been under the possibility of detection by radioactivity. We saw the recoils all right and there were other possibilities. We could see that there were other neutral reactions responsible, but the most reasonable was the one that gave the best agreement with the mass defects was this reaction.

MR. LARSON: Yes, well fine. Incidentally in that reaction with the nitrogen, what was your source of nitrogen?

DR. KAMEN: Just nitrogen gas.

MR. LARSON: Nitrogen gas.

DR. KAMEN: We filled the chamber with nitrogen gas.

MR. LARSON: Just nitrogen gas.

DR. KAMEN: I had done this in Chicago with argon, with hydrogen, with helium, and I looked at all these recoils. I never saw these stubby tracks until I got to Berkeley. 

MR. LARSON: Oh yes.

DR. KAMEN: Then the right track was formed by the recoil of a carbon-14 and a proton, which you would see the proton and the stub at the end would be the carbon-14 which is very much heavier to move. It’s such a small distance [inaudible] ahead of them and a nub on the end of a short track.

MR. LARSON: And the distances were…

DR. KAMEN: Yes.

MR. LARSON: …giving off the right distances.

DR. KAMEN: And making you know some assumptions about the, we could measure the heat of the reaction and then we could decide that all the energy was going to the proton and very little kinetic energy to the neutron, into the carbon-14 and decide the whole, in that range, what the atomic power of the gas was. 

MR. LARSON: Oh yes.

DR. KAMEN: That’s as far as we, we published a short note on this and left it at that point. The curtain falls and about two years later when the [inaudible] of carbon-14 became quite intense. 
MR. LARSON: Oh yes. Of course that was during the period of very active development of artificial radioisotopes and so, let’s see, there was another isotope of carbon that was radioactive…

DR. KAMEN: It was a short-life one.

MR. LARSON: …that was a short life one. What isotope was it?

DR. KAMEN: Carbon-11 with a 21 minute half-life. 

MR. LARSON: So it was such a short half-life it was not very useful. 

DR. KAMEN: Well, it was very useful for some experiments. What happened about a year after I got there was that one day, [Ernest] Lawrence came in with [Lyon] Chaikoff who was at that time an assistant professor in physiology. Chaikoff had an idea that perhaps we could make label carbon dioxide, using carbon-11 and then from this, despite the short half-life, he would feed this to mice and then there was enough activity, enough yield to actually follow the appearance of the label carbon in various fractions of the bowels for say four or five hours later. 

MR. LARSON: Oh yes. 

DR. KAMEN: So for short term experiments it was very good because you could make a lot of it. It was very intense. It had a [inaudible] positron emitter and it was easy to follow with a counter and it was easy to do research with. In contrast to weak beta emitters which are, where the absorption is such that you have to work inside a counter. At that point, I had just made the acquaintance of Sam Ruben who was a young instructor in chemistry and it was Ruben’s idea to try this. He was sufficiently energetic to get that idea and try it, to propose such an idea which seemed a little bit hair-brained, because to make the carbon dioxide and then to feed it to a mouse and then count the carbohydrates and do the fractionations, all in a few hours seemed a little bit crazy. Anyway, that was what his idea was. We started, he, Lawrence asked me to cooperate on these matters and make sure they had a good source of carbon-11. We made that by bombarding boron with deuterons.
MR. LARSON: Oh yes.

DR. KAMEN: Then boric oxide. Then Sam would come over, take the target off and scrap it into a boat and then he would put some filter paper in for a carrier and burn it and get the carbon dioxide off and then use this. Of course, there is tremendous radiation exposure doing this and the [inaudible] was extremely erratic. So then at one point, I finally got into it and I said, “Well, we’ll try something else,” and the trick was that most of the radioactivity was knocked off the boron by [inaudible] as carbon dioxide. There was boric oxide in oxygen on the target. So we got carbon dioxide in the gas phase. At that time, I think it was Kurie or [William] Brobeck had devised a target chamber where you could collect the gas that was formed. So I found that all activity that was formed was in the gas phase. So we didn’t have to take the target apart at all, just suck out the gas and feed it through a counter, a combustion chamber and get the stuff out. So that made a big difference. With that as a starter, [inaudible] Hafstad came in from biology. He was a carbohydrate chemist and according to the books, the first product would be glucose or some kind of carbohydrate, which of course it wasn’t. After about a month of this, Sam began to wonder whether it wouldn’t be smarter to try to find out where the activity was rather than assuming it was in the carbohydrates, or we wouldn’t find anything. So that’s when I came into it full blast. Then the two of us got together and we worked on this thing for three years and proved that it was not the carbohydrates. But there was something else, we couldn’t determine what it was because it was a compound that didn’t give [inaudible] with any chemistry, anybody visualized before. Of course it turned out that it was phosphoglyceric acid and that was, there had been many guesses about what the first product was in photosynthesis and the idea was to make CO-2 from, to make the glucose from CO-2 in the plant. 
MR. LARSON: Yes.

DR. KAMEN: Then take that glucose out and give it to the mouse. That was what the textbook said, but we found we had the glucose and then the question was what were we making. That’s when Hafstad dropped out of the picture and we decided to go ahead and see what we could find out about this. I think after 100 or 50 years have gone by, people will speculate what the first product was and none of them have guessed this one.

MR. LARSON: Until the availability of carbon-14.

DR. KAMEN: You couldn’t do it.

MR. LARSON: There really wasn’t a way to really nail that.
DR. KAMEN: No, because we had to do long range chromatography. The half-life of 21 minutes wouldn’t make that possible. We could have probably done something if we had known what to look for, but in any case we finished, after several hundreds of experiments and a lot of running in the dark, we showed that there was a dark fixation this was followed by a light fixation where the oxidation level of the carbon went from carbonate, from carbonic acid down to a carbohydrate. The thing that, the activity finished up and had hydroxyl groups and carboxyl groups. That’s always as far as we could get with it. Then the war came and that stopped everything. We didn’t get a chance to continue it. 
MR. LARSON: Oh yes. But you had established the basic ways to make carbon-14.

DR. KAMEN: Yes. We had lots of notions about how to make carbon-14, but we were making carbon-11 at the time. Later on when Lawrence found that it was essential to get some sort of long life activity in elements that were biologically important, such as hydrogen, carbon, nitrogen, oxygen, then we had a chance to go back and get some more time on the cyclotron to create these things. In fact the only thing that prevented us from making carbon-14 in the first place was we couldn’t get the cyclotron for sufficiently long bombardments. I thought that the reaction which would be the most, with the highest yield would be deuterons and carbon-13, even though cabon-13 is only one percent of carbon-14, but it turned out that it was neutrons and nitrogen that did it.

MR. LARSON: Oh yes.

DR. KAMEN: So we just made a carbon-14 when the war broke out. 

MR. LARSON: Oh yes. So…

DR. KAMEN: We were on the verge of doing this work when the war broke out, Ruben was killed, I was attached to something else, and the whole project fell through. It was not started again until after the war.

MR. LARSON: Oh yes. So you just reached the point where you had established the method of making this and had you established the half-life also?

DR. KAMEN: At that time we had a number of runs which, one run that I made during the war which was connected with something else; I guess I should mention that it was we were trying to figure out whether carbon-13 had a very high neutron absorption cross-section, in connection with the construction of the graphite pile.

MR. LARSON: Yes. 

DR. KAMEN: These [inaudible] how much carbon-14 was made and neutrons captured on C-13 in connection with that experiment I did some neutron experiments using as calibration, strontium, ammonic gold and so on. We knew what the yield was and from that I concluded that the half-life must be at the order between 2,000 and 5,000 years. Then I did a much more…
MR. LARSON: You were in the right…

DR. KAMEN: …then I did a very much more accurate experiment and came out with 23,000 years. So it was, we were off by, we were working with orders of ten by that point, but we knew it was a long half-life. The fact, we had a sample that had been decaying, we had sitting around for a year and it hadn’t decayed. We knew it was certainly more than a few days. But the physicists were emphatic in their feeling that the half-life of carbon-14 could not be more than a few days at most because it had a spin of zero. It would have a spin of zero and nitrogen-14 was going to one. That’s only one [inaudible] forbidden and according to the then primitive theory, the half-life couldn’t be longer than a few days at the most. It might even be a few seconds. So here I was and we had this very long half-life. So the physicists said it couldn’t be carbon-14. Of course we fed it the algae and that they took it up like it was carbon and we knew it was carbon, because from a chemists stand point, there was no way of making a mistake. When you do the chemistry on this because a physicist wouldn’t appreciate this, carbon is the only element in the periodic system, in the whole system, it’s the only element which you can produce a volatile oxide from oxidized solutions in acid solutions. All the rest of them, sulfur, selenium, they all form insoluble sulfates, but carbon dioxide comes off in the acidification. It’s the only element that does this. 

MR. LARSON: Yeah, that’s right. In analytical chemistry they make use of that.

DR. KAMEN: Sure.
MR. LARSON: I think the [inaudible] analysis based on the acid…

DR. KAMEN: It was never the less unsettling to have them telling us that it couldn’t be carbon-14. In fact Oppenheimer was the one who made this [inaudible]. At that time he had considerable influence and it was not easy to stand up against it, but anyway we decided that we had created carbon-14. On the final experiment that we did, I think I mentioned this somewhere else, we did a, I was making a long bombardment for Phil Abelson of neutrons of uranium. He had a big box of uranium oxide and this was sitting, eating up all the neutrons coming out of the cyclotron for about two or three days. In one of the things I had done, I had some, in that period, I also did some long range experiments with neutrons from beryllium and we found all this activity in ammonium nitrate that we just happened to put around. I put that there just out of a desire to have a complete range of experiments to show what we had done. I hadn’t expected a yield from it. The reason I didn’t expect it was many good reasons. One was that we didn’t know what form they were going to appear. Here we had ammonium nitrate. You put neutrons in it at a temperature like 600 degrees Centigrade and then this reacts and what do you get? You can get cyanide. You can get ammonium. You can get [inaudible], get all these things out of ten gallons of concentrated ammonium nitrate which is practically impossible to do and besides which it was hardly conceivable that practically all the activity would appear in CO or CO-2 and could be gotten out of the solution by aspiration. 
MR. LARSON: Oh yes.

DR. KAMEN: That was incredible. Never expected that to happen. Then of course they didn’t expect there to be very high cross-section for the reaction, which was very high. In fact the reason we didn’t expect a high cross-section was because my physics interfered again. The neutrons of nitrogen to make a proton had to compete with the reaction where neutrons could make a gamma ray. The gamma in or gamma out, protons out, the two reactions evolved. In the end, gamma had a big advantage because you didn’t have to worry about getting the proton out through the potential barrier. There was a charge. Any uncharged particle had a big advantage over a charged one. So you could calculate that the potential barrier to keep the proton in was at the order of several million volts and that would make the chances for that reaction going very small. So I didn’t expect a high cross-section. It turns out that this reaction is one of them where it happens to be a resonance energy. So the character up there, the practical joker up there had to rearrange things for this one reaction to be different, to be abnormal from all the others, fortunately.
MR. LARSON: That’s very fascinating because I believe there are, the half-lives of the elements, very light elements usually are very short and isn’t carbon unique.

DR. KAMEN: No, beryllium-10 is a long one too.

MR. LARSON: Oh, I see. 

DR. KAMEN: There is, you can’t, that one had a big spin difference.

MR. LARSON: Oh yes.

DR. KAMEN: It’s only seven units and they might expect to have a long half-life there, but for carbon-14 it should be more like helium-2 or helium-6 which would be two neutrons in excess and that was, we had a very short half-life for ones with two neutrons in excess down there around helium. So it didn’t look like its life could have a long half-life, more like a short half-life. Then with, we thought a very short absorption cross-section, it didn’t look like the neutron reaction was any good at all. It turned out to be very good. I might say one more thing. The same thing happens with phosphorus, with sulfur, neutrons and sulfur-35, chlorine rather to get sulfur-35, is also favored over the gamma reaction. So the two most important isotopes, carbon-14 and sulfur-35 are the results of two very abnormal situations. 

MR. LARSON: Well, that’s fine. Nature is…

DR. KAMEN: It’s very nice.

MR. LARSON: …dangerous there.
DR. KAMEN: Yes. It’s a break.

MR. LARSON: Then in spite of the theory…

DR. KAMEN: It’s better to do the work and then forget about the theory until afterward to explain it because [inaudible], but afterward this was enough knowing about the nuclear reactions to make a theory, to make a good theoretical prediction.

MR. LARSON: Yes. Well of course carbon-14 then was really not used very much until after the war.

DR. KAMEN: No, then it became possible, there was enough neutrons to make it in large amounts. You could make pure carbon-14.

MR. LARSON: Yes. 

DR. KAMEN: Well that was, you could make curies out of it. When we finished, I think we had to the order of a few micro curies total.

MR. LARSON: But enough to establish…

DR. KAMEN: That it was there.

MR. LARSON: …that was going to be the isotope to use for future biological experiments.
DR. KAMEN: I predicted that that would not, carbon-13 would be more practical. In fact we could never get enough carbon-14 to use except for very unusual experiments where you had to have a high dilution factor.

MR. LARSON: Oh yes.

DR. KAMEN: Carbon-13 was still the choice I thought. That’s what I told Urey, but then it turned out that there were all these neutrons.
MR. LARSON: Oh yes.

DR. KAMEN: And that changed everything.

MR. LARSON: As soon as the neutrons became available…
DR. KAMEN: Yeah, we saw neutrons.

MR. LARSON: …unlimited amounts that…
DR. KAMEN: So I was wrong on both accounts, both the prediction about the usefulness of it, and the yield and the half-life.

MR. LARSON: Oh yes. Well, fine. As you mentioned, the war then broke out and you had to go to the…

DR. KAMEN: May I say that before the war broke out, at that point we had just started to make a set up to have all the neutrons in the 60-inch cyclotron captured by ammonium nitrate solutions. We had devised a large number of cans full of ammonium nitrate which had aspirators attached to them and put them around the cyclotron. We were going to set up a factory to make carbon-14. Lawrence was very excited about this. In fact, they were thinking of making a battery of cyclotrons devised just for that purpose when the war broke out. 

MR. LARSON: Yes.

[Phone rings]

[Break in video]

MR. LARSON: …the war broke out and of course everybody turned their attention to working on problems associated with the war effort. 

DR. KAMEN: With the Manhattan Project, with what became the Manhattan Project.

MR. LARSON: Yes. So then what were your activities at that time? 

DR. KAMEN: Well, Clarence, you would know about that.

MR. LARSON: Of course, that’s right. I had the pleasure of working with you at that time.

DR. KAMEN: We organized a couple of groups under Pan Jenkins who was a physicist and he was, he headed a group of chemists that was run by James Carter and myself and we had various projects. One of which was the study of some reactions involved in making certain uranium compounds for use in the cyclotron for isotope separation, uranium chloride, tetrachloride, pentachloride and of course the thing that involved you. You were the analytical chemist and whenever we made a product we had to find out what the chlorine to uranium ratio was. We were looking at crosses in the reaction which was in a bomb chamber, bomb tube. You put in uranium oxide and carbon tetrachloride and you got uranium pentachloride from this. You came back with some experiments with some analytical data that showed the ratio of chlorine to uranium was to the order of 5.7 to one, instead of five.
MR. LARSON: Yes. It was some value besides 5.9.

DR. KAMEN: The fact was we would take the product from the bomb and then we purified it by distillation [inaudible] with Sam Weisman and Dave Lipkin [sp?] doing this. The product that they came out with would be taken off this cold finger and given to you for analysis and it turned out to be something close to uranium hexachloride which didn’t exist. It wasn’t in the books anywhere. Of course it wouldn’t have been a great thing because it volatilized at about 120 degrees Centigrade instead of 450 and it was much less corrosive. It would have been the ideal thing for the Lawrence project, for an ion source, but we already had come down with, what’s the word? Decided to stay with uranium tetrachloride.

MR. LARSON: Yes.

DR. KAMEN: They had frozen at that desire at that point and they were knocking themselves out making ion sources that might stand up to the corrosion at high temperatures of ammonium chloride. So it’s a very bad thing. I think I found actually, I went into Lawrence’s office one day and I think I found a report that the English had seen this same thing a year before and…

MR. LARSON: Oh, I hadn’t heard that.

DR. KAMEN: We hadn’t heard about it because of the [inaudible] idea. So we lost a year just because of that. I made some remarks about that. I was always getting in trouble because I would make remarks about the stupidity of some of the secrecy things. Anyway, that was a good example of what we were held up with. Anyway, the only compounds that had been known to have six halides attached were hexafluoride which was used in the fusion project in Urey’s project. Anyways, so we spent our time, there were several things we had to do. One of which besides working on this, the actual reactions involving carbon tetrachloride and other things on uranium oxide, we also had a project which was impossible and that was to, at the time they were running the spectrographs, spectrometers in Oak Ridge. The first product that was gotten was too low in uranium-235 to be useful and had to be run again, recycled. So the idea was you had to collect the uranium-235, put it back in as uranium tetrachloride and then run it through the cyclotron once more and get it out at a more enriched form. You couldn’t afford to lose any of it. You had to maybe run it through 50 times to catch all the, because only two percent or so was gotten each time. So if you lost a few on each run, you would finish out with nothing. So we had the problem of figuring out how to, what chemistry we could do to make the uranium-235 which was being collected at the, as a pre-metal at the collection end, to dissolve it as oxide, make it back into uranium tetrachloride and without loss, put it back into the cyclotron and run it around the room between 30 and 40 times. That was really impossible. That was called the beta project and we tried that for quite a while. We were working on that when some other idea came along which worked better. So that was what I was doing during the Manhattan Project. 

MR. LARSON: Yes. Well certainly from a matter of history, I’m not sure if you remember. I was working on precipitating it as a peroxide.

DR. KAMEN: Yes.

MR. LARSON: That was no good because it would decompose. It was very unstable and so forth. So when we got down to Oak Ridge, I experimented with refrigerating it. Overnight it solved the whole problem. That was how, all of the processing was done as a peroxide because that very simple little step just solved all the problems. Whereas before, you would leave it around in a beaker and it would just foam up.

DR. KAMEN: Well I had an interesting experience. I don’t know if I’ve written it up or not, but speaking about the compartmentalization thing. I had to go to Oak Ridge to do some trouble shooting. The question was about, we had a part of the beta process that involved very fast evaporation, all that liquid you got from washing had to be evaporated very fast and without loss. The question was how much loss did we have with these very fast evaporators, so the idea was to put some radioactive indicator in the solution and see what came off. I wanted some radioactive sodium. The nearest cyclotron was in St. Louis and the question was how much subgrade radioactive sodium could we make by putting it in the pile. We weren’t suppose to know that pile existed, but we knew there was a very strong source of neutrons somewhere over in the works. So I talked with Charlie Correl [sp?] about this and he said yes, if we put some sodium chloride in the pile we could probably make enough radioactive sodium to use. I had the impression that the total number of neutrons coming off was a big secret. That was the biggest secret of the war. So here we had a very hush, hush meeting with the administration of the, of [Arthur] Compton’s project where the pile was, and they said yes, they would arrange to put five grams of sodium chloride in the pile for me and monitor it for say, 20 hours and I would come and get it and use that. The day came and I was transported in a car with the blinds down to this place over bumpy roads. They came out with this tremendous lead chamber. When it was put in the back of the car, the car went down on its axle. It was really very heavy and I said how come we’re getting through [inaudible] with all this lead. So they said just to shut up, take it and beat it. So I went back, I was left with this thing at Lawrence’s project and they went off and left me with it. So I opened the lid and I saw a glow in there. It was glowing blue. That means you have curies of activity in there. Instead of getting a few micro curies, I was getting the order of hundreds of curies. 
MR. LARSON: Fantastic and that was from…
DR. KAMEN: Sodium-24 from just the 20 hour bombardment of five grams of sodium chloride. Well it was no trouble for me to figure out how many neutrons there were. 
MR. LARSON: That’s right.

DR. KAMEN: I was still in shock when Lawrence came through with somebody, some military fellow and I said to Lawrence, “You know the cyclotron is passé. They’ve got a machine over there that puts out neutrons millions of times more effectively, higher yield than the cyclotron.” Lawrence said, “Is that so?” 

MR. LARSON: Oh yes.

DR. KAMEN: Then there was a tremendous hoo-ra because the question was who had told me how many neutrons were coming off the pile. They thought somebody told me. They couldn’t imagine…

MR. LARSON: Essentially your mathematics teacher in grade school told you that. 

DR. KAMEN: Somebody, sure. They didn’t realize that there was no secret involved at all in this thing. Of course, I shouldn’t have said anything. I should have gone ahead. The next thing that happened was, by the time I got clearance from the health physicist to use it, the radioactivity had decayed to zero. 

MR. LARSON: Oh. Let’s see the half-life was a few hours, wasn’t it?

DR. KAMEN: It was 14 hours, wasn’t it? I forget now what sodium-24 is.

MR. LARSON: Yes.

DR. KAMEN: It’s about 14 hours. So I had this for four or five days and then by that time I had no activity left.

MR. LARSON: Oh yes. Well those are the complications and so forth.

DR. KAMEN: Anyway, the project was a success which baffles me still and there were so many reasons why it wouldn’t work.

MR. LARSON: Oh yes.

DR. KAMEN: It all came out that it did in the end. For instance, we always thought it might work as an energy source, but really never as a bomb. I think the only thing that shook us was that Fermi thought there was about a ten percent chance that it might work as a bomb.

MR. LARSON: Oh yes. Of course the electromagnetic project in itself was absolutely impossible for there to be a beam more than a few microamperes. 

DR. KAMEN: They put up several hundred new machines run by Kentucky hillbillies who couldn’t read and write. In those days spectrometers, if you were going to run one, required the most sophisticated physicists to run it and it seemed less possible to do it that way, but it worked. So that was during the war. 

MR. LARSON: Well, fine. Well, let’s see. In your book you mention, of course, the terrible tragedy. Do you want to say anything about that? 

DR. KAMEN: I wasn’t very bright about not talking about these things. I didn’t actually say anything, but the trouble was I was a very gregarious type. I was a musician and I got around a lot. It was very difficult keeping track of me. 

MR. LARSON: Yes, as a matter of fact, I can remember one of the pleasures of working with you was talking to you, because you had a great depth of background in music and cultural affairs and in history and everything else.

DR. KAMEN: But I was considered a security risk, so I was ushered out of the project. There was a war going on and there was a feeling that you’re a causality of the war. I don’t think I could say much about that now, except that it took about 10 years to straighten the thing out.

MR. LARSON: Oh yes. That’s terrible.

DR. KAMEN: It was really a mess and I think it, first of all, it kept me from going back to Berkeley and continuing with the carbon-14 project and Ruben got killed and there were all these things happening which were really a tragic business.
MR. LARSON: Real, real tragic.

DR. KAMEN: I think what happened later was they got Calvin to take over the project because everyone else was gone. They didn’t want to drop it. They had gotten it so far and it looked like a very good project. Benson was still left there, Andy Benson. He had been one of our graduate students and he continued the project and then Calvin took over. That’s what happened there. Meanwhile, I was exiled to St. Louis and eventually I managed to recover and get some experiments started and did a little [inaudible] work and later on got involved in biochemistry which is what I became after a while, a biochemist.

MR. LARSON: Oh yes. What were your main fields of investigation at that point?

DR. KAMEN: I was interested in the question of how you could get a carboxylation of an aliphatic compound with CO-2 to get a carboxylic acid. All the model reactions that were involved the free energy was against you by at least ten kilocalories. So you had to find ten kilocalories somewhere to push that reaction along at room temperature and at normal pressures. We didn’t know about phosphorylation then. The fact that ATP could do that [inaudible] is something that had the energy. So it was work with phosphorylation that I started thinking about the energetics of it and I got involved in work on phosphorus, phosphate uptake and analyzing the phosphorylation that might go on in photosynthesis and in photo metabolism. That’s why I got started on doing a lot of work on comparative CO-2 uptake and especially the phosphate picture. It was the phosphate picture that in turn led me to do work on hydrogen and nitrogen metabolism in bacteria. That was the basis for the discovery of nitrogen fixation in photosynthetic bacteria and for the hydrogen evolution. That’s the anaerobic analogue of oxygen evolution in photosynthesis. The anaerobes make hydrogen and the aerobes make oxygen. 
MR. LARSON: Oh yes.

DR. KAMEN: That was a very simple thing, but we got from this, I managed to get sort of a comparative notion about the various kinds of photosynthesis that went on. In bacterial photosynthesis, you don’t make oxygen. So you have to have something else to get rid of the, over the difference in oxygen levels you make during the course of CO-2 fixation. So that’s all explained elsewhere. I don’t want to go into that now, but in any case, it was in connection with the phosphorylation experiments that we stumbled on the phenomenon of hydrogen evolution and on the phenomenon of hydrogen fixation. At the time we were doing this, nitrogen fixation was considered to be the reaction that occurred in only very few bacteria. It was a very unique thing and very few, the only bacteria that are free living called [inaudible] were the ones that carried it out. After we finished with this work on the [inaudible] bacteria we found out that practically all the [inaudible] do it and a lot of other things that came along the same time. We found that acetylene for instance could be used instead of nitrogen to [inaudible] for nitrogen fixation. So all of a sudden, in about three or four years, it became a very common phenomenon. A lot of things did it, instead of being a few. Of course that changed all the speculations about the nitrogen fixation of the atmosphere. Anyway, it was a big surprise at the time because nobody believed us. One of the standard hoaxes or mistakes was for somebody to claim that acetylene nitrogen the fixation of something. Perry Wilson, who was at Wisconsin, was constantly getting reports from people who had thought they had seen nitrogen fixation in something besides the rhizomes, rhizobia or [inaudible]. He’s always saying it was a mistake of some sort. But this was quite clearly not a mistake and he got very excited about that and began a whole series of new experiments in which enlarged the field of hydrogen fixation enormously from this one observation. We all found that there was a strong correlation between hydrogen and nitrogen metabolism and we found for instance that hydrogen did not, hydrogen was not an inhibitor of nitrogen fixation, but ammonium was. We found that in hydrogenase if you put in hydrogen you inhibit the hydrogen evolution, but you didn’t do that in hydrogen fixation. Hydrogen came off in these without inhibition by hydrogen. So it was coming from another enzyme. It turned out that the enzyme that was making hydrogen in the case of hydrogen fixation was nitrogen, nitrogenase itself, not nitrogenase. So there was a whole change about knowledge about nitrogen fixation in this organism, these various organisms. At the time they were being studied, Van Neil had written a big monograph in which he had stated that he was leading authority in the field, Cornelius Van Neil. He had stated that the best source of nitrogen for these organisms was ammonia. Of course, having used ammonia that they fix nitrogen because nitrogen in ammonia was an inhibitor to nitrogen fixation. That sort of thing happens all the time. 
MR. LARSON: Well that’s a very fascinating and the thing that’s very interest here is that photosynthesis has been worked on almost since the beginning of chemistry because it was so early recognized how important photosynthesis was. I read Bill Steader [sp?] way back in the 1900’s. Apparently it was not until after the war that the real mechanisms of photosynthesis and nitrogen fixation and so on really began…

DR. KAMEN: Well we had the tracers. When we had the proper tracers it could be done. 

MR. LARSON: Yes, let’s see. In your work you used, of course, the carbon-14 and then also had available the phosphorus tracers and so the tools were available.

DR. KAMEN: Then of course there was the whole idea of phosphorylation, which was new idea in biochemistry. In fact biochemistry changed completely from 1935 onward. The whole idea of the dynamic equilibrium, the idea of turnover, all of this was new. It was all mostly based on isotope work.

MR. LARSON: Oh yes. So as you say, the whole science of… 
DR. KAMEN: Well, air metabolism didn’t exist in 1935. You knew what came out and that’s all you knew. Now if you look at the biochemistry charts you’ll see the intermediary reactions. They fill a book. There are no biochemists living who understand all the metabolism that is now known because the biosynthesis of nucleotides, of DNA, of proteins, of fats, it’s all been worked out in the last 25 years and nothing was known about it before. So…
MR. LARSON: I know some of the modern books in biochemistry have these beautiful charts of the pathways of all these things and that was all new. 

DR. KAMEN: Well it really was speculation before. This way it was possible to identify the pathways.

MR. LARSON: So you did most of this work at St. Louis.

DR. KAMEN: In St. Louis, yes.  That’s when I wrote the book.

MR. LARSON: Oh that’s when you wrote the book and when did you change from St. Louis to the University of…

DR. KAMEN: I was working on photosynthesis and bacterial photosynthesis in particular, when I got the idea that perhaps we should be able to find a common connection between green plant and bacterial photosynthesis. So I didn’t know anything about enzymes at all and I thought what I want to do, is do a reaction comparable to the hill reaction in green plants, do it in bacteria, but they don’t make oxygen. So I had to find some way to get rid of, they thought they were making something that was a precursor to oxygen but didn’t give off as oxygen. So we had to find some way to trap it and I thought maybe I would do some enzymology. Well the question was what enzymes are there in chloroplasts and in bacterial chromatophores, and there no one knew anything either. The only enzyme that was known to be in green plant chloroplasts at that time was catalyase, was assumed to be some kind of catalyase. The idea that there was a complete biochemical machine [inaudible] antibody. That’s when [inaudible] started and we had in a very short time it turned out that all the synthesis of fats, proteins, and carbohydrates, all that machinery is in the chloroplasts, or are associated with it. The catalyase was probably an artifact that makes oxygen, [inaudible] peroxide, that brings in catalyase. So I wanted to do was find out about enzymes and so I brought this young fellow from Wisconsin to teach me enzymology and do some enzymology on the chromatophores and bacteria. The first thing that happened was he found all these cytochrome C in this anaerobe in this chromatophore. At that time the dogma was there was cytochrome C and anaerobes. Cytochrome C is particularly, is the specific cytochrome for aerobes…
MR. LARSON: Oh yes. 

DR. KAMEN: …for respiration. Well we found enough cytochrome C in [inaudible] which is an anaerobe that there was even more in the mitochondria. That changed everything. For the next 25 years I’m working on cytochrome chemistry.

MR. LARSON: Oh yes. So that’s…

DR. KAMEN: That’s when I left St. Louis and went to Brandeis where we’re starting a whole new department of biochemistry because at that point there was a Rosenstiel, who was a very rich producer of whiskey, had some money he wanted to use to endow a gift to Brandeis and he wanted Brandeis to have some sort of project. There was somebody in the family who was sick with something like Hodgkin’s disease and he wanted us to work on that. The idea was to settle a department of biochemistry based on the idea of working on Hodgkin’s disease, but we quickly, Nathan Kaplan and I quickly convinced [inaudible] Cohen [sp?] and people at Brandeis that the thing to do was to do general biochemistry and not to concentrate strictly on disease. Well we got $1 million which [inaudible] and we used that to start the department of biochemistry at Brandeis, which of course became very quickly one of the leading biochemistry departments in the world. 

MR. LARSON: Oh yes.

DR. KAMEN: At this point we have two or three of its alumni who are in the Academy, Bill Jenks, Mary Ellen Jones, Bill Ables. These are people who were brought in there as young people to work in this department. Anyway, what we did there, it was assured we had no red tape, we could, just give us the money and don’t ask questions. We could make a very good department in a very short time…
MR. LARSON: Oh yes.

DR. KAMEN: …as compared with having to go through bureaucratic academic red tape which of course slows everything down. The same thing happened here in San Diego. Shortly after when I went to San Diego, we started a new university there and for about four years we weren’t bothered by the red tape. We built a very big university in no time, by just not having to worry about the red tape.

MR. LARSON: Oh yes. It really grew from almost nothing into a world famous university.

DR. KAMEN: There were five or six people there and we just went out and found the, we could make appointments and hire people, recruit people without having to go through the business of various committees and faculty members checking us. 

MR. LARSON: Oh yes.

DR. KAMEN: On day we would say to somebody, I know Dave Bonner and I were talking to somebody, and we wondered if we could get the guy to come to our campus. So we called up and he said yes. Well I wasn’t aware there are five places on the UC from which you have to sign for some appointment. Bonner signed three and I signed two. 

MR. LARSON: Well, you got your five. 

DR. KAMEN: They didn’t see the difference. We made this appointment in two hours and a half.
MR. LARSON: That’s fantastic.

DR. KAMEN: We did the [inaudible] committee, the budget committee and the hiring committee. All these committees met, that was Bonner and me met and we did the whole thing and we called him back up and said, “You’re in.” Of course later on it became very difficult. When we got big enough they noticed us and we had to go by the rules.

MR. LARSON: Is Bonner still at…?

DR. KAMEN: No, Bonner died. Dave Bonner died in 1964, ’65.

MR. LARSON: Oh, I see. 

DR. KAMEN: He was just there a short time.

MR. LARSON: I remember hearing about his work very early on. 

DR. KAMEN: Dave Bonner [inaudible]. 

MR. LARSON: …and that’s for a good reason.

DR. KAMEN: He died a long time ago. He had Hodgkin’s disease. 

MR. LARSON: Oh yes.

DR. KAMEN: He was one of the first of Henry Kaplan’s patients.

MR. LARSON: Oh yes.

DR. KAMEN: But it was too late to help him much.

MR. LARSON: That is a tragedy. Of course Henry Kaplan himself died of cancer tragically. Henry Kaplan made such tremendous contributions to cancer treatment. A real tragedy there.

DR. KAMEN: Those are some of the side lines of these things. I could talk a lot more about various strange ironies, but in any case, my career went from being a straight physical chemist to physics and back to biochemistry and all of this in about 50 years.

MR. LARSON: Oh yes.
DR. KAMEN: I had no preparation for any of these things. 

MR. LARSON: Yes, of course science is very famous for men who changed ideas and changed fields, made tremendous contributions.

DR. KAMEN: Somebody has ruefully remarked that they also made politicians out of scientists which is something I think that, if you had said something in 1935, that whole nations would tremble at the thought of a physicist coming into a committee meeting. They would have thought they were ready for a strait jacket. Now, of course, you know that’s the main topic of discussion is what to do with nuclear weapons and anything else. Chemical weapons too and biological weapons. These are all things that came out of science, and the politics involved are impossible to understand and to control and yet here we are.

MR. LARSON: Yes. That’s a complex situation that nobody knows how to get their hands on.

DR. KAMEN: Yes. Well, I think somebody said a scientist politician combined the certainty of the politician with the uncertainty of the scientist. (Laughter) And of course in legal situations now you have a question of confrontation. The advisory process is used in law, that’s the cross examination.

MR. LARSON: Oh yes. 

DR. KAMEN: It’s not so important to find out what the truth is. The important thing is to show well on the cross examination. If you have a good lawyer and get along well. Scientists can never say yes or no. all they can say is it’s probable, or highly probable, but they can’t say it’s absolutely certain.  What a lawyer wants is a yes or a no. That’s another problem that we haven’t come up with an answer to. 

MR. LARSON: You can put a number on the probability, but people don’t understand that.

DR. KAMEN: No, they want a definite answer. If somebody says is the sun going to rise in the east tomorrow. You can say it probably will. The chances are a billion or whatever to one that it probably will, but it’s not exactly certain. Nothing is certain in science. Everything is certain in politics.
MR. LARSON: Oh yes. Well it’s someplace between 10 to the 13th and 10 to the 18th that…

DR. KAMEN: Well you have the question of calculated risk is now entering the law. If you have a question on insecticide, well, I remember one case in particular with Monsanto. They were making a bottle, plastic bottle out of a styrene and a [inaudible] polymer. Well you know [inaudible] is a terrible carcinogen, and the reaction between styrene and [inaudible] goes with practically 100 percent to make the polymer. There might be some monomer left around and this monomer if it gets into circulation, what’s the chance of it getting across with a cancer. Well it turns out to be very low, but there is some chance. According to the [inaudible] Laws, any chance is too much.

MR. LARSON: Oh yes. That’s…

DR. KAMEN: So they couldn’t make the bottle except in this country.

MR. LARSON: That’s the problem, very few people understand the statistics of…

DR. KAMEN: With a smart lawyer asking you questions, he can make you appear to be a fool because you won’t say yes or no. That makes a bad impression. So that’s the problem also that’s happened in just the last 25 years.

MR. LARSON: Since you left San Diego, do you still continue…

DR. KAMEN: Oh yes.

MR. LARSON: What are some of your projects now?

DR. KAMEN: Well, they are mostly projects that got started many years ago which now my former graduate students and research associates are carrying out as professors elsewhere. So I go around and see them and I can consult with them and we are still writing papers on some of the things we left which were not finished when I retired. So I have a backlog, enough to keep me going for at least 10 or 15 years yet, just talking about let alone doing it. The ideas, the experiments are being done by my former colleagues and they are being carried forward and I keep in touch with them. I do a lot of editing, writing of papers. I have about 25 papers that I haven’t written yet. They never got written because I was too busy and didn’t have time to write them. It turns out that nobody else has written them.

MR. LARSON: Oh yes. 

DR. KAMEN: Use by now, somebody would have come up with them. They are actually on the biochemistry of the [inaudible] proteins. We had found, of course, that the analogy that is based on the biochemistry of these things as it was say 20 years ago has changed very much and it’s no longer, for instance the classification of [inaudible] proteins has to be changed. It was based on a very simple idea, cytochromes A, B, and C for example. [Inaudible] that classification at all. I did with a student named Terry Meyer and I drew a very large review of this about three years ago on the present status of the classification and knowledge of cytochromes which you would think would be in pretty good satisfactory shape. It was not at all. I remember one compound we found we called it cytochrome C prime. The prime is not really a C at all, not a cytochrome, but it looks like a cytochrome. We had a, I took it over to [David] Keilin at Cambridge and Keilin spent a whole afternoon checking it and in the end, he shook his head and said he wouldn’t have believed it. 

MR. LARSON: Oh yes.

DR. KAMEN: So that was a great day for me, I must say because there is nothing more fascinating in chemistry than watching Keilin work, than I ever have since or before. He had a small hand digital spectroscope. He would look at it and it was a, to see the whole spectrum there. He would then add various things, various lighting to see what would happen to the spectrum. I learned a lot from that, a lot of isoeugneol chemistry. That’s the sort of thing, we were constantly getting surprises. Everything we did was a surprise. The nitrogen fixation was a surprise. The hydrogen evolution was a surprise. The carbon dioxide fixation in the dark was a surprise. In fact, back in Berkeley, when we found the CO-2 fixation in the dark, we knocked ourselves out just to abolish it. We put our plants in complete darkness and they still took up as much CO-2 in the dark in the first five minutes as it did in the light. That was very astonishing. Of course, we went around and talked to biochemists. They say you’re seeing photosynthesis without light. They would laugh at us. So we were always getting involved with things that didn’t make any sense. That’s been my experience in research that you never do anything that you expect. If in fact, you’re doing research and it always turned out as you expect it to come out, it’s not very much fun. It’s not much research either. It’s just more or less development. So I think real research is the unexpected. That’s the point that is very hard to get across to granting agencies because what they want to know is what you’re going to find out.
MR. LARSON: Oh yes. 

DR. KAMEN: They want…

MR. LARSON: And what day you’ll discover it.

DR. KAMEN: So what you’ll do if you’re smart is you’ll go ahead and discover it first then you write a research grant which you’ll say you’re going to discover this thing. Then you have it done before hand and you’ll do what you want. 

MR. LARSON: Yes.

DR. KAMEN: I wouldn’t say that out loud.

MR. LARSON: Well I think that’s a very sound way. As you say in the application for these research grants, you have to show a distinct path of what results you’re going to get. 

DR. KAMEN: Use to be if you asked for a spectrometer, they didn’t care what model you were going to get. You might change your mind and get another model. That was all right, but now if you change your requisition they want an explanation.

MR. LARSON: Oh yes. 

DR. KAMEN: It’s usually very difficult.

MR. LARSON: That’s part of course of the bureaucracy of science these days.

DR. KAMEN: Yeah, it’s gotten to be a big business.

MR. LARSON: It’s very difficult. Well incidentally, with regard to some of these things with which you, going back to some of these things you mentioned, with regard to carbon-14, there must be a real source of gratification to look back when you first saw these first atoms of carbon-14 and the, how that has proliferated in research and we tried to estimate how many papers have been written…

DR. KAMEN: I have no idea. 
MR. LARSON: …using carbon-14 and I said, “Well, it must be 5,000.” Phil Abelson said, “No, it’s certainly more than 10,000.” I was wondering if you could give us some sort of a ball park estimate.

DR. KAMEN: This would be an estimate of how many papers have been written which required the use of carbon-14? 

MR. LARSON: That’s right.

DR. KAMEN: Well first of all, carbon-14 doesn’t appear in the title?

MR. LARSON: Oh, no. No.
DR. KAMEN: I just looked up the number of papers which involve carbon-14 in the title in 1961. It was well over 2,000 in one year.

MR. LARSON: But that was in the title?

DR. KAMEN: Yes. Now I think if you take the iceberg phenomenon, I think it would be times 100 of that. I think it would be close to several hundred thousand papers which have come out that involve carbon-14 because all of the intermediate metabolites at some point or another, all of these papers have used it along with tritium and some phosphorus, but it’s mostly carbon-14. I think it would be very difficult to come up with a very accurate estimate because somebody would have to go back and read all the papers and see whether it was mentioned. I think it’s much more, it’s to the order of 100,000 papers. 

MR. LARSON: I’ve often, a student of the Bible, but there is one passage involving, and Joshua’s, Jacob’s well was there, with the implication that he dug this well say back in 1000 B.C. or something like that and people are still getting water from Jacob’s well. So you have a sort of Jacob’s well there that people are still using.

DR. KAMEN: It’s interesting that the same strange resistance to discovery happened with tritium. Tritium had the same history. Nobody expected that it would be radioactive. Helium-3 was suppose to be radioactive and it’s quite obvious helium-3 is two protons and a neutrons and tritium was two neutrons and a proton, so you expect the repulsion would make the helium-3 less stable with respect to tritium, but it’s the other way around. (Laughter)

MR. LARSON: Sometimes the theory is very helpful, but it isn’t infallible. 

DR. KAMEN: So that’s another case where we have had a break from on high. I have this character PJUT. That’s the acronym for Practical Joker Up There. 

MR. LARSON: Oh yes.

DR. KAMEN: It’s pronounced PJUT. PJUT is always doing these things to us. That’s I think what research is. Just picking up the pieces that PJUT throws around. It’s just wonderful to have an opportunity to do research and most people don’t get a chance to do it. I think most people, I remember mentioning, the Father [Julius] Nieuwland, Notre Dame chemist said that most people had the research planned out before they are four years old. Well that’s the thing. You have to have the chance to satisfy your curiosity and it gets harder and harder as time goes on because the process is understood, most people don’t understand why you do these things. It’s sort of operational rat hole. You just pour energy with no practical notion of what you’re going to get out of it.
MR. LARSON: Oh yes.

[Phone rings]

[Break in video]

DR. KAMEN: I have been very fortunate that I could spend most of my life being a researcher. Most people I think, however, would prefer not to have to worry about the uncertainty or the, not knowing what’s going to happen next. You had this in connection with politics. Many people would rather have the security than they would have the uncertainty of being independent. So people much prefer to have some kind of civil service job than go into business.

MR. LARSON: Oh yes. 

DR. KAMEN: Of course the private entrepreneurs, a fellow willing to take a chance and that’s what a researcher is. He’s a private entrepreneur. If businessmen understood this, there might be a more hospitable attitude. The idea thus [inaudible] is not true because we do write budgets and we are responsible for what we do. We organize things, but the thing is we don’t know we’re doing this in the end, what the objective is, is very clear. How you get there or what you’re going to get out of it is not clear. Nothing I did was ever predictable, by me. I knew what I was trying to do, but it never came out that way. 

MR. LARSON: Yes. Well actually as you went along through every problem, you had to pick your way through the obstacles. 

DR. KAMEN: I was sure that neutrons in nitrogen would never work. 

MR. LARSON: And then of course you, there was a question of organizing it. Then you have to work hard at it and you have to have some insights. Then you have to be lucky. 

DR. KAMEN: It’s sort of like being a painter or a poet. You go in there; you confront in this case a laboratory. What are you going to do? You have to have an idea. The idea may be cock-eyed, but it’s still an idea of some sort that gives you motivation to get up and do something to keep you off the street. A poet does the same thing, so does an artist. They all do the same thing.  The only thing is the medium is different, but the creative action is the same no matter what area you are in. So I think there is quite an affinity between scientists and artists. In the sense that they are both, that is real scientists as compared to people who just develop a procedure. They both have to develop the creative process. There is no real [inaudible] between them. 

MR. LARSON: Yes. Well as a matter of fact in your own particular case, you had this background in music and your interest in art and all that, all of these things involve creativity.

DR. KAMEN: Yes.

MR. LARSON: So as a matter of fact, we visited in Spain some, a couple years ago we went up to see these caves, you know, 10,000 years old. We saw the campfires you know and on the walls were the first signs of creativity, those paintings.

DR. KAMEN: They’re amazing.

MR. LARSON: So it’s apparently as old as man…

DR. KAMEN: Which isn’t very old.

MR. LARSON: …a few creative people have made these advances possible.

DR. KAMEN: Let’s see. We only have how many years of recorded history? What is it? Eight thousand years? 
MR. LARSON: At the most, yes.

DR. KAMEN: That’s nothing.

MR. LARSON: That’s really nothing and at the most man…

DR. KAMEN: And we’re moving very fast. In the last century more people have been born than have existed previously. Ninety percent of all scientists are now alive and things like that. 

MR. LARSON: That’s right. 

DR. KAMEN: It’s getting worse. With molecular biology and the business of manipulating genes and gene chemistry, it’s not gotten to the point where we are in a position to change humanity and to do things which require decisions that are beyond anybody’s real knowledge. That’s something we’re going to have to face in the next generation. 

MR. LARSON: That’s a real profound problem in ethics as to how to go about, knowledge is definitely there, or almost there.

DR. KAMEN: Even if you don’t know what’s happening, we have the knowledge to do something’s which, like changes, changes in genetic composition of bacteria is no problem at all. It’s just, the questions that are being asked now, as I mentioned about the legal business. There is no longer this water tight separation of ideas between say the humanities on one side and science on the other. We’re all in this boat now together with regard to ethical questions. In fact, ethics have become important. It wasn’t important before because you know, you could kill everybody if you wanted to, but now you can change the whole course of history just by making the wrong decision. If some madman, mad person, I don’t want to be a chauvinist, if some mad person gets a hold of the atomic bomb and wants to kill someone with it, you know, that’s a major worry. You can, little children put atomic bombs together from what’s known in literature now if you have the material. So it’s no longer a science fiction thing to talk about massive destruction. On the other hand, it’s science fiction to talk about the fantastic advances in living also. People could live in paradise essentially with what’s available now in making better crops, better distribution, communication, and so on. You know nothing happens now that doesn’t happen in Peking [Beijing] the next day. All this is something we are not quite ready to handle. We have to grow very fast. I guess we’re lucky, Clarence. We’re in our 70’s.

MR. LARSON: That’s right. We have lived through perhaps one of the most fascinating periods of history and were able to participate.

DR. KAMEN: Yes. I saw one carbon-14 recoil in, what, 1945, and then there were 10 to the 23rd, 10 years later, grams of it.
MR. LARSON: Yes.

DR. KAMEN: That’s the scale factor. You scale up something with a factor of one followed by 23 zeroes. You know, that’s incomprehensible.

MR. LARSON: That’s a fantastic scale up there. 

DR. KAMEN: That’s just an example of what’s happened. 

MR. LARSON: I’m glad you brought that up because you go from one…

DR. KAMEN: One event…

MR. LARSON: …one event to certainly 14 grams have been…

DR. KAMEN: Yes, yes.

MR. LARSON: …made of carbon-14…

DR. KAMEN: In a very short time. You can make grams of neutrons. Well, Rutherford saw nitrogen disintegration in 1919. Twenty-five years later we have Alamogordo. That’s 10 to the 23rd. 

MR. LARSON: That’s right. That’s 10 to the 23rd.

DR. KAMEN: People can’t understand 10 to the 23rd. they can’t even understand a trillion, which is our national debt. (Laughter)  

MR. LARSON: Yes. Well Martin, this has been a very fascinating discourse here and I want to thank you very much for…

DR. KAMEN: Well, thank you for coming.

MR. LARSON: …sharing with us these wonderful thoughts and some of your philosophy. So thank you very much.
[End of Interview]
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