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DR. HAFSTAD: …with my early younger days. I grew up in a family where my father was a carpenter, small scale contractor. So I was more or less scheduled to be active in the building field.
MRS. LARSON: I’m terribly sorry…

[Break in video]

MR. LARSON: Let’s start over. Is it stopped now?

MRS. LARSON: No, it’s going now.

MR. LARSON: Well, I’ll start then again with just a few introductory remarks. I think we’ve covered the introduction, so at this point Dr. Hafstad, please proceed. 

DR. HAFSTAD: Well, I will start with how I got interested in science. That question is often raised. I grew up in a family of carpenters. My father was a carpenter and a small scale contractor and of course I worked with him when I was a youngster and more or less was inclined to go in that direction, as far as my career was concerned.

MR. LARSON: What state were you born in, Dr. Hafstad?

DR. HAFSTAD: I was born in Minnesota, Minneapolis, grew up there and born in 1904. So one of the things that I got interested in was radio, amateur radio which was just developed. So in addition to doing carpenter work and so on I got interested in making homemade receivers and things of this kind. It was when I got into physics in college that I began to get the answers to many of the questions that had occurred to me and gave me the background that I needed to go on with radio and electronics. 

MR. LARSON: That is a very interesting point because I have known quite a number of people who were very interested in amateur radio in their very early youth. I myself built a spark transmitter from an old Ford spark plug back in 1921, I believe it was, and E.L. Lawrence himself was an amateur radio operator in his youth and I have learned of many people who got their start that way.

DR. HAFSTAD: Well it was a fascinating field at the time. At any rate at the end of high school I had become fascinated with physics and chemistry and scientific things, where I would normally have started in carpentry work with my dad, I decided that I wanted to get into something connected with electronics and I shopped around. I had the ability to do drafting because I had taken a course and was pretty good at drafting and I had a number of choices. I could have been a draftsman at Chicago Bridge and Iron. One that I really decided to take was a job in the telephone company where I learned to become a maintenance man and troubleshooter in this complicated new, what was then new, the dial telephone system. I found that fascinating. The way I like to describe it was that every day was like working a bunch of crossword puzzles and getting paid for it. 

MR. LARSON: Yes. That is a fascinating field.

DR. HAFSTAD: This I enjoyed thoroughly. I started in with the telephone company in 1920 with Northwestern Bell. That’s a long time ago. I worked there several years and would have continued with them, but what happened was a young graduate in engineering from the University of Minnesota, by the name of Merle Tuve came to the telephone company to spend a summer and get some first-hand experience in industry, in the telephone business. So I had the pleasure of teaching the telephone business to Merle Tuve and we got to be good friends because he kept teaching me what I would call essentially freshman physics and engineering.
MR. LARSON: That’s an amazing story. Dr. Merle Tuve has had such a distinguished career in physics and science in general.

DR. HAFSTAD: This turned out to be important because after he had gotten me really interested in understanding electricity, he in fact encouraged me and urged me to go on to the university and take a course in electrical engineering. This I managed to do because I just shifted from day shift at the telephone company to either what we call the swing shift or the grave yard shift. Swing shift being 4 to 11. So I started a course in engineering, going to the university in the day time and working for the telephone company from 4 to 11. 

MR. LARSON: What year did you enter the university?

DR. HAFSTAD: That would be ’22.

MR. LARSON: 1922.

DR. HAFSTAD: I had little difficulty getting in all the courses that I wanted. I managed to graduate in four years.

MR. LARSON: That’s an amazing accomplishment, working all that time.

DR. HAFSTAD: By that time, I had good grades and I became more interested in physics than in electrical engineering and I was persuaded to take graduate courses in physics, continuing to work for the telephone company. That went on for a couple of years. When I was finally hired by Bell Laboratories based on my background, additional work in physics and I went to Bell Labs and started working on what was very exciting to me. They were just opening up transatlantic telephony and that was a field that was very exciting to me because it tied back to my interest in radio, you see. Those were the days of the skip disks, you remember that?

MR. LARSON: Oh yes.

DR. HAFSTAD: Because one of the surprising things was that you had a low power transmitter and sometimes skipped over 1,000 miles and make contact way off in the distance somewhere.

MR. LARSON: This was in the…

DR. HAFSTAD: Which was not understood.

MR. LARSON: …more or less lower wave lengths and higher frequency. What frequencies were you working in?

DR. HAFSTAD: The important thing was the [Arthur] Kennelly- [Oliver] Heaviside layer…
MR. LARSON: Oh yes. 

DR. HAFSTAD: …that was making the reflections.
MR. LARSON: Oh yes.

DR. HAFSTAD: So this is what I got into at the Bell Labs. It was just at that time, the Kennelly-Heaviside layer had been predicted theoretically based on the skip disk business and [Edward] Appleton and [inaudible] and Breit and Tuve at the Carnegie Institution in the US were starting to try to measure and prove the existence of the Kennelly-Heaviside layer. Out of the blue sky, I got a call from Merle Tuve telling me that they were starting this work and that he wished I would come down and join them because he knew I would be interested. I was able to get a leave of absence from the telephone company, from Bell Labs and went to the Carnegie Institution and worked with Breit and Tuve carrying out the pulse technique for measuring the height of the Kennelly-Heaviside layer. Appleton used the frequency technique, but this pulse technique was one of the first indications of the beginning of radar because we worked with the Naval Research Laboratory and used their transmitters and received the signals out at the Terrestrial Magnetism Laboratory at the Carnegie Institute.
MR. LARSON: Oh yes. That, what year was that, Dr. Hafstad?

DR. HAFSTAD: That would be beginning in 1928 and continuing for the next several years. 

MR. LARSON: Just the beginning of effective transatlantic radio telephone.

DR. HAFSTAD: Yes, but by that time I was completely absorbed in the Kennelly-Heaviside work. On the side of that, Breit and Tuve had become interested in nuclear physics because in those days all physicists were excited about the fact that [Ernest] Rutherford had trans-mutated some elements and this we talked about in all of our physics colloquiums, and so on. Here in Washington,  I got more and more interested in that and went along with them when they dropped off Kennelly-Heaviside work, passed that on the Bureau of Standards. They went into high-voltage vacuum tube development because it took four million electron volt particles to carry through the transmission. So our goal was to get by hook or crook at least several millions of volts of energy and particles. So we worked on using a Tesla coil to get the high voltage, just for testing purposes and we did manage to get up to a million volt tube and a million volt electronic particles. 
MR. LARSON: Oh yes. Those were million volt electrons.

DR. HAFSTAD: That’s right. Yeah. We went on from that since the Tesla coil just gave a shorter pulse, it wasn’t very useful for accurate measurements. It was just a time when Van de Graff came out with his high-voltage electrostatic generator and so we started out with a three foot diameter electric static generator and got up to something like a half a million volts from that and then moved on to a six foot diameter sphere and got up to a million volts. With that we had a beautiful source of direct current particles, which was an advantage, and sharply focused beams so we could impinge that on targets of various kinds. You have essentially a point source of neutrons or anything else you wanted to work with. It was that intense point source that was so convenient when the fission process was proposed because we went, all of us went down to the colloquium where Professor Bohr reported that the fission process had been carried out by Lise Meitner and company.
MR. LARSON: Yes, let’s see I believe that was the Washington meeting, was it not?

DR. HAFSTAD: It was at the Washington meeting and I remember sitting in the back row with my colleagues and the theoretical physicists started to get into quite an argument about how else could this be explained and that sort. My reaction was for goodness sake, we can settle that because we’ve got a beautiful point source of neutrons and if this effect is as big as it would have to be as far as creating heavy particles which would create enormous amounts of ionization. The detection would be very easy. So with our special source, it would be very easy to prove or disprove whether this process as proposed was a correct one. 

MR. LARSON: That is an amazing story which takes place in science every once in a while whereas you had the instrument already prepared as though you were able to exploit immediately any discoveries that were made and amplify…

DR. HAFSTAD: And establish facts.

MR. LARSON: Yes. 

DR. HAFSTAD: Of course that was quite exciting at the time and the next stage on this was to try to think of the implications. Of course, the idea of a chain reaction occurred to all of us and the question was: in this fission process, were there extra neutrons released which could produce a chain reaction? That meant that there would have to be for each neutron used, there would have to be more than one neutron produced so then the measurements switched to determining how many neutrons were released in each reaction. Of course this led quickly then when we were trying measurements of that kind, to find that after the voltage was shut down, after the beam was shut down, we continued to get neutrons. 
MR. LARSON: What year was that, now? That is an amazing thing to be…

DR. HAFSTAD: Well, the year of the discovery, which was ’39.

MR. LARSON: Was in few months, in other words.

DR. HAFSTAD: Yes. 

MR. LARSON: So you did establish the delayed neutrons a few months after Bohr’s announcement at Washington.

DR. HAFSTAD: Yes, because they just appeared in the measurements.

MR. LARSON: Was there two…

DR. HAFSTAD: By and large, I should say it was Dick Roberts who was responsible for the detecting apparatus.

MR. LARSON: Oh yes.

DR. HAFSTAD: I was responsible for the high voltage and the delivery of the beam.

MR. LARSON: Oh yes.

DR. HAFSTAD: So we are all listed in this experiment, but that’s the way that the work was divided up. The actual detection was mainly by Dick Roberts and his detecting apparatus. 

MR. LARSON: You designed the apparatus to produce the neutrons.

DR. HAFSTAD: So that was the story on that.

MR. LARSON: That is a very fascinating story because without delayed neutrons there would be no real practical application of fission, if it were instantaneous with no delayed neutrons.

DR. HAFSTAD: Yeah, well that turned out to be… well I think the next important thing to me was we had this beautiful calumniated beam of ions that, with a diameter of say something an eighth of an inch and we had a variable voltage because we could adjust the voltage from relatively low voltage on up to three-quarters of a million volts pretty regularly and sometimes up higher depending on the weather. With this we moved into what the theoretical physicists needed at the time and that was to get a measurement on the scattering of protons on protons. This was a very satisfying experiment because it was a [inaudible] type thing with protons and the apparatus we devised was very precise because we could work with very small angles and in those days milliamperes of electrons. What is a milliampere? It is 10 to the 19th or something like that, so we had enormous numbers to deal with and the experiments were beautifully accurate and were utilized immediately by the theoretical physicists. The way I like to express that for the lay person is we measured accurately the diameter of a single proton which was about 10 to the minus 14 centimeters.
MR. LARSON: Yes, that is almost beyond the imagination, so far as being so tiny you can’t visualize it, but that’s an amazing piece of work there that you were able to do this with such precision and really advance the knowledge of particle physics so much.

DR. HAFSTAD: I feel that is one of the most satisfying things that I worked on.

MR. LARSON: Yes. Well fine. I gather, of course, about that time you [succeeded] the war broke out and that had to change all of the work of all of the scientists. 

DR. HAFSTAD: In fact that ends that chapter of my career and sometimes, just to shock people, I tell them that as a scientist I was a work hazard. 

MR. LARSON: Yes.

DR. HAFSTAD: I shifted…

MR. LARSON: All lot of people change.

DR. HAFSTAD: …entirely. Our careers change because, well, what we moved into, again there is serendipity involved here, because while we were working in nuclear physics, we worked very closely with the people at Cavendish and got to know [Igor] Karkaroff and those people at the Cavendish Laboratory. When the war broke out, they immediately moved into help the British, whereas we were sometime behind them as far as getting started. But you may recall that we did have a visit in the early end of 1940 from a British delegation of which Karkaroff was a part and they came over and started telling us what they were doing in order to handle the bombers coming over. Much of it was classified which they couldn’t tell us at that time, but in due course arrangements were made so that they were allowed to tell us how they were attacking this problem. The result of that was that Professor [Charles] Lauritsen and I went over to England to learn about their work both on anti-aircraft and on the fission nuclear reaction problem. In early ’41, that’s nine months before Pearl Harbor. So we got an early start on that and then Vannevar Bush who was the president at the Carnegie Institution had been through all of this in World War I. So he saw it coming and encouraged us to drop our civilian act and begin to take an interested in the defense problem, particularly anti-aircraft defense and that lead to the work on the proximity fuse. 
MR. LARSON: Yes, and also, I guess, parallel with that, there was a group started in the United States following radar. The English were working on radar too. 
DR. HAFSTAD: Yes, this was separate. Van Bush always made this comment and I think this is interesting. He called attention to the fact that the early wars were civil engineering wars. It was construction battlements and logistics, roads, and then we moved into what he called the mechanical engineering wars, projectiles against armor plates and then the next war we might say is 1918. At that time, it was a chemist’s war because most important, fixed nitrogen had been demonstrated by the empirical ion process and so for the first time we can produce large amounts of hydrogenous materials for explosives. So that was a major development in World War I. 

MR. LARSON: Yes, without that discovery in World War I, Germany would have exhausted its explosives early in the war.

DR. HAFSTAD: Of course. So this was happening and then of course the other was poison gas. So that we can say 1918 was a chemist’s war. World War II was clearly a physicist’s war, radar with a proximity fuse and the atom bomb.

MR. LARSON: Well that’s a very interesting series there. 

DR. HAFSTAD: I might go on and say that at the end of the war when I was working with the research and development program I remember, I think, I was at a luncheon when Van Bush went through this sequence and said we ought to be thinking about what World War III is going to be like. He said the atom bomb is an obsolete weapon of the last war. The next war would be something radically different and he said probably a psychological war or perhaps a biological war. 

MR. LARSON: That’s some very interesting observations.

DR. HAFSTAD: That is an interesting report that early and we could go on and discuss that, but I can’t help but think how right that is because the terrorist activities is the foremost psychological war.

MR. LARSON: That’s right. So we are beginning to see the effects of it already. 

DR. HAFSTAD: We do see it.

MR. LARSON: Yes. Well that’s fine. Now, from that particular point then, you then went into some of the other activities of nuclear physics of a more applied nature, particularly, I believe. Was the reactor part of it?

DR. HAFSTAD: It was one step ahead of that because in connection with the proximity fuse work we had the First Captain Dick Parsons, and eventually, Admiral Dick Parsons who was assigned to work with us at the Applied Physics Laboratory and he guided us through all of the difficulties we had making this delicate radio proximity fuse stand up to the very rugged conditions that were needed for actual naval use. I remember a low point in my career was that the last thing that an electronics man wants to have around with small currents going around is any salt water.
MR. LARSON: Oh yes.

DR. HAFSTAD: One of his requirements was that we had to put these things through a salt water test.

MR. LARSON: Yes.

DR. HAFSTAD: I thought that was going to be almost impossible, but we had salt water tests and shock tests and vibration tests and all kinds of tests that had to be carried out. I think at that stage it’s probably forth noting, I have been an engineer before I became a physicist. So all of these engineering problems sort of landed on me rather than on the physicists we had. I moved then from essentially bench work on technical problems into management and administration and particularly trouble shooting with the production people because having an engineering background, I got along very well with the engineers in the factories better, let’s say than some of my brilliant physicist friends. At any rate, this is what moved me in the direction of first development, well the first thing would be working with Parsons to get a proximity fuse for the A-bomb and a group of our people from the Applied Laboratory under Bob Rhode went out to [inaudible] to work on the fuse. I was involved in some of that. Then after the war I shifted from the Applied Physics Laboratory to the Pentagon where I worked with Vannevar Bush on the first joint research development board and then finally Air Force was created and we changed from, [inaudible] original name of the group, you see. At any rate, the Defense Department was organized.

MR. LARSON: Yes. There was a group for research and development called ARPA, or was that a little later?

DR. HAFSTAD: That came later. The first important thing I think was that there was a committee, a bunch of committees set up under RDB, under Van Bush and I was the executive secretary. We had a committee on guided missiles. We had a committee on atomic weapons and various committees at that time. With my background, I worked very closely with the group in atomic energy, especially since I was an old associate of Dick Parsons.

MR. LARSON: Oh yes. 

DR. HAFSTAD: So this was sort of a natural relationship and it was at that time or even long before that, working with Dick Parsons, we had argued among ourselves as to what use could be made of this fission process. To all of us at that time, it was clear that the civilian application was going to be very, very difficult and I was under heavy pressure by my civilian colleagues in the universities to push civilian power and get out of the military business. As far as I could assess the situation, atomic civilian power was extremely difficult because you had to have very safe and very cheap, whereas the military application, especially for submarines, it needed only to be affective because the advantage was so great that the cost was no longer important. I felt that the first thing that we could use it for would be the use in a submarine. 

MR. LARSON: Yeah. Well that’s very fine. I think essentially at that point then you started to turn your attention to the reactors, the control of reactors and study of where they would best fit into our national picture.

[Break in video]
DR. HAFSTAD: While I was with the Research and Development Board, there is one experiment that I became involved in which I think was very revealing as far as serendipity is concerned. The story here is that Admiral Lewis Struss had become very much concerned about what the Russians were doing in this field and as soon as the Commission was formed, he started raising questions as to whether or not, we were equipped to try to detect a Russian burst should they come out with something of that kind. It is true that we had developed techniques for following the radioactivity from our air bursts for very great distances, but by and large, this was to follow them far enough to satisfy ourselves that they were no longer dangerous. The problem of detecting a Russian burst in Siberia thousands of miles away was an entirely different degree of difficulty. Nothing had been done on this and it was Lewis Struss who began raising questions in the Pentagon of why this work hadn’t been continued. Of course people hadn’t foreseen the need for it. So he agitated from his position in the commission to urge that somebody ought to be given the responsibility of doing this. So months went by and there was internal fighting because this was a chore, not very glamorous and it was hard to get the money for it. Finally under pressure, it was Eisenhower who made the assignment for the Air Force to be responsible for this, which was logical because they had been flying planes and taking samples and so forth, before. So shortly after that assignment was made Vannevar Bush asked me to find out what the Air Force was doing in this area. I had a two star equivalent rank at that time, so I was able to move pretty freely around the Pentagon and went to the Air Force, hoping to find my counterpart over there in scientific research of some kind. What I learned was that this charge that had been given to the Air Force was a written piece of paper, of course, and it passed from one echelon to another and down through the ranks and finally hit a major by the name of Ben Holseman [sp?]. Here is where serendipity comes into the picture. It happens that when I was back at the Department of Terrestrial Magnetism working on high voltages and things of this kind, we always attended weekly symposiums and among them we got reports from a scientist there who had made it his lifetime task to study dust particles in the atmosphere. 

MR. LARSON: Amazing.

DR. HAFSTAD: This was George Watt and it’s not surprising that this was done. I like to express it this way that the Department of Terrestrial Magnetism was organized at a time when it was necessary to have accurate measurements of the earth’s field because that’s the only way that ships could navigate at sea. The magnetic field of the earth varies all over the lot of course and there were large areas which had never been measured and these were filled in by the non-magnetic yacht, the Carnegie, which sailed over all of the unused parts of the ocean and measured the magnetic fields. I can make a side report on this because we were very proud of this non-magnetic yacht and when we had visitors they were taken down to admire this beautiful yacht. I remember a Frenchman came over at that time and it was during Prohibition. We described this yacht in much detail and he said, “Typical American ship. No iron or wine. All brass and ginger ale.” (Laughter)

MR. LARSON: That’s very interesting.

DR. HAFSTAD: I always thought that was such a good comeback. 

MR. LARSON: That’s right.

DR. HAFSTAD: Well, at any rate then… Let’s stop a minute.
[Break in video]

DR. HAFSTAD: …with the study of reverse magnetic fields and variations there of, it was natural to move into variations in the electric field. You had magnetic storms to contend with. We have electrical storms to contend with. We have condensation nuclei to worry about and it was this sort of thing which Dr. Watt was contributing to because he made it his life work to follow an identified dust particle and that would help to identify the huge air masses as they moved around. The result of this is that he developed techniques of collecting air samples by aspirating through filters and then identifying the different kinds of particles and where they came from. Now this was an interest to meteorologists and in the ‘30’s we had worked with a young meteorologist who was there working with Watt and others by the name of Ben Holseman.

MR. LARSON: Oh yes. So all of these things came together. The techniques were developed and…

DR. HAFSTAD: When we finally found the major who was given the simple task for the Air Force, it turned out to be a friend of mine. 

MR. LARSON: Yes.

DR. HAFSTAD: We immediately got to work then with the group at the Department of Terrestrial Magnetism and developed instrumentation and microscopic techniques and so on to go down to very, very much lower levels of radioactivity which could be detected. This took quite a bit of work in instrumentation and I remember that we hit upon three different approaches that we could use. One was the continuation of collecting particles which we already knew about, but had to carry much further. The second was seismic and the third was electromagnetic. We took all of these. We knew about the big electromagnetic bursts that were associated with atomic bursts and we thought that this might be one thing that ought to be explored. Well the interesting thing is that the assignment to the Air Force was made, I believe in about September.
MR. LARSON: What year?

DR. HAFSTAD: That would be September of ’47. 

MR. LARSON: Yes.

DR. HAFSTAD: And as reported in Struss’ book, Men and Decisions, the arguments went on until we reached a stage where we had done all that we could without spending money for instrumentation. Struss reports that at New Year’s during the vacation period, two Air Force officers came over and told Struss that they were now ready to go on this, but they didn’t have any money. The urgency was great because the sandstorm test was coming up in April and this was the first of January. So here, I think, they want to record that Lewis Struss made available $1 million of his own money in order to get this instrumentation underway. 

MR. LARSON: That’s a very interesting thing that should be brought out…
DR. HAFSTAD: It takes dedicated people to do this. At any rate, with his $1 million we were able to start moving on procurement of instrumentation and of course financing the flights of aircraft because that’s expensive too. We were able to get started with contacting all of the different seismic stations which were studying earthquakes and make adjustments in their techniques and so on in order to be sure that if there was such a pulse that everybody would be informed. This took a lot of organization and again there is serendipity because it happens that a scientist by the name of Ellis Johnson had been working at the Department of Terrestrial Magnetism before the war.  During the war, he was pulled in to work on declassing ships and magnetic mines. He had just been released at the end of the war from the Navy, after having run their big mining program, mining the Japanese Islands. So it was natural to turn to him to organize this new big job which was on much the same scale. So there we had three people from the Department of Terrestrial Magnetism, Ben Holseman, and me at the Pentagon, and Ellis Johnson to pick up and run the program.

MR. LARSON: That’s an amazing coincidence that all four of you were trained inadvertently, you might say, and it just came together in a very pertinent place and time. So they were immediately invaluable.

DR. HAFSTAD: There is a sequel to this. I mentioned that we had chosen the three different ways to do this. Of course, in due course, Lewis Struss was paid back. I remember working with the budget bureau and Congress to get $30 million to carry out this program on a continuing scale. It was $10 million we estimated for the Air Force thing, about the same for the seismic because we knew a little bit about that. We hadn’t done much about the pulse, but we thought we better have another $10 million for that. So the work was done and this whole program was set up and running beautifully and I moved from the Pentagon to the AEC to start the reactor program. About a year after I had been there, Bill Carrie of the budget bureau and I were called by the Chairman of the Senate Appropriations Committee to come to the Congress and explain why we had asked for $10 million for the pulse approach which we hadn’t used and therefore clearly did not need.

MR. LARSON: Amazing.

DR. HAFSTAD: I think this is an example of how difficult it is when you are asked to do a job which has never been done before and it’s clearly a step into the unknown and you’re asked to make an estimate of the cost.

MR. LARSON: And also in order to accomplish this several different approaches are absolutely necessary.

DR. HAFSTAD: They have to be tried.

MR. LARSON: Or else you would miss something.

DR. HAFSTAD: I think there is a corollary which I think is worth sighting and that is the most you can offer is a best effort contract. You do the best you can on this difficult job. I think this indicates why it is that our big universities, which are non-profit, have been so helpful in solving very difficult technical problems because you get very able people but no profit.

MR. LARSON: They are always dedicated.

DR. HAFSTAD: You have able, dedicated people and no side effects from the bookkeepers. Well that essentially ends my comment on the RDB. I left there because it was clear that the three services were essentially carrying on, what I would call a paper battle with the Secretary of Defense, each essentially protecting his own area. I found it very unsatisfying to become involved in this internal paper battle and so I offered to, or told I wanted to resign. It was at that time that Admiral Mills called me aside because I had been working closely with him for a year or more, and urged me to take on the chore of going over to Atomic Energy Commission because they were looking for somebody experienced to take on the Department of Reactor Development. To me, this was a challenging job and one for which I had reasonable background, having been involved in the anti-submarine warfare and so on and the proximity fuse team. Here I should mention that in 1918 at the end of the war, the Navy had developed a magnetic proximity fuse which was so secret that it couldn’t be reported or talked about. It used, to me it’s interesting, they used VT-1, vacuum tube-1, developed by the Bell Laboratories way back in 1912.
MR. LARSON: Way back in those days. That’s fascinating.

DR. HAFSTAD: When World War II came along, somebody had discovered that we had these remarkably sensitive Mark-6 proximity fuse torpedoes. They were used in the early days of the war and the poor submarine commanders would fire these at enemy vessels. They could hear the thing clunk against the hull and nothing happened. You can imagine what a disappointment that was.

MR. LARSON: Terrible.

DR. HAFSTAD: So while at the, working on the proximity fuse game, Admiral Dick Parsons assigned as additional duty, the task of taking a look at these and coming up with something, first finding out what was wrong and then coming up with something better. So I had been exposed to that and that made me interested in undersea warfare.

MR. LARSON: Oh yes.

DR. HAFSTAD: So it was natural for me when Admiral Mills urged me to take on the nuclear submarine job, for me to accept and I moved over to the AEC. In the meantime, he had started up his own group in the Navy under then Captain Rickover, who had collected a very able group of people to work with him on this. But they had been unable to get any recognition from the AEC or any help from the various laboratories because they didn’t have any money and they didn’t have any official status. In fact, as far as the civilian scientists were concerned, they were resistant because most of the civilian scientists who had worked on the atom bomb wanted to rush right into civilian power reactors and get out of the military. 

MR. LARSON: Oh yes.

DR. HAFSTAD: So Admiral Mills and I talked this over and he told me what a good job Rickover had done heading up the maintenance quality in the electrical material that the Navy needed and used. I had met him and I knew he was an aggressive fellow and very able. So I had no hesitation in picking him up for the Navy side of this. The problem was, as I like to express it, to find his “twin brother” to work on the civilian side. There were lots of candidates, but it needed somebody again dedicated and somebody who could work with Rickover.
MR. LARSON: Oh yes.

DR. HAFSTAD: This is why after thinking about it and talking it over with Admiral Mills, I decided that since I was looking for Rickover’s “twin brother”, why not hire him. This is how the arrangements of two hats came out. He wore one hat when he was in the Navy and had his own organization chart there. He wore another hat when he was working for me in the AEC and in order to emphasize this, I insisted, had approval from Admiral Mills, that when he was working for me in the AEC he and his whole crew would wear civilian clothes.

MR. LARSON: Oh yes.

DR. HAFSTAD: I think that proved to be very effective.

MR. LARSON: Yes, I think that’s one of the, that set the stage for working relationships.

DR. HAFSTAD: Yes, and it saved me a lot of trouble because if I had picked anyone of a number of very able civilians, I think I would have spent half of my time settling conflicts between the two of them. This way we had fixed responsibility and I think it was an excellent solution to the problem and I think Rickover did an excellent job.

MR. LARSON: He was dedicated and…

DR. HAFSTAD: Dedicated and able.

MR. LARSON: …able and had a clear cut knowledge of where he wanted to be at a certain point in time and made those schedules. So well, then could you, obviously the work on the naval reactors went along satisfactory and delivered the power plants and so forth. Could you say something about how the transition then went from the Navy power plants to the civilian power plants? 

DR. HAFSTAD: Well one of the problems that I had was that I was in charge of development of new civilian power plants and another angle came in. The Air Force wanted a nuclear powered airplane.
MR. LARSON: Yes.

DR. HAFSTAD: So I had three different areas to cover and I felt that first priority had to go to the nuclear submarine. I was interested and willing to work on a reactor for the nuclear airplane because we needed to get the higher temperature reactor in order to increase the efficiency of these. So as far as I was concerned we had to be working on higher temperature reactors and if that turned out to be useful to the Air Force, fine. If it doesn’t, we have other uses for more efficient reactors. Then we had an assortment of reactors which conceivably might be used eventually for civilian power. I think many of these should have been pushed. I feel they were never all evaluated properly because the success of the Navy reactor made it appear that the power reactor problem had been solved. My feeling was that as soon as the Navy’s small scale research prototype was successful we had demonstrated that there are no laws of nature against this project. The Commission, and particularly Mr. Murray on the Commission, felt that all we had to do was to make an oversized version of the Navy reactor and thus convince the skeptical utility people that this was possible. If that was done, the private industry would pick it up and run with the problem and we didn’t have to set up a large civilian parallel to the Navy group. This is where I decided that I would drop out of the atomic energy business because I could foresee that we were skipping a lot of problems that would come back and hit us later. That’s what has happened.

MR. LARSON: It really did happen. That’s a very interesting story about how that was brought about. I was wondering if you might explain a little bit more about some of the other, what led you then into the industrial field and what are some of your interesting observations on your work in the industrial field, with your work with General Motors and so on. 
DR. HAFSTAD: Well, the way I got to General Motors is rather interesting. It goes back to the fact that when we started working on the proximity fuse. It was clear that this was going to be a big and expensive operation. Vannevar Bush felt that he couldn’t spend this kind of money in the Carnegie Institute as long as he was responsible for OSRP [Office of Research and Sponsored Programs]. He went to the Johns Hopkins Board of Trustees and persuaded them to pick up the proximity fuse job and set up the applied physics laboratory under Johns Hopkins. Of course, the Board of Trustees had to have a committee to watch this because they were going to be handling lots of money. One of the key people on this committee, and it was a wise choice because this was a big industrial operation was John Pratt. Now it turns out that he was a DuPont man who back in 1920, when DuPont bought out Durant, he was sent from DuPont to Detroit to oversee and monitor the further developments there. So he was thoroughly experienced in the automobile experience and the problems that they were having. He was very helpful to us and to me personally when we moved into industry with the proximity fuse because that too, was a very large scale operation.

MR. LARSON: Oh yes.

DR. HAFSTAD: I might mention here that at the end of the war, we were producing a half a million rugged vacuum tubes per day. These had to have quality control tight enough so that they would survive after being fired out of a gun at 20,000 feet. 

MR. LARSON: Yes.

DR. HAFSTAD: Now here I could digress again by saying that fortunately, while at Bell Labs, I had begun to be interested in statistical quality control. When I came to Washington, I ran into Edward Demming who attended our colloquium class every Wednesday night. He reported there his progress in developing techniques, of sampling techniques for quality control. We adopted that and he helped us with this quality control problem on the proximity fuse and John Pratt was tremendously impressed with this. So without my knowing it, he had watched my progress from the Carnegie Institution to the Johns Hopkins to the Pentagon and from there to the AEC. As long as I was working for the government, he made no approaches, but as soon as he learned that I was leaving the AEC, he called me, set up a meeting at the Metropolitan Club for lunch and said, General Motors is just completing a new laboratory at the end of the war and we’re looking for a new technical director. We wonder if you would interview people. Come and visit us and give me a list of names of people who might be considered for this position. So I said, of course, would be glad to do it. So this is the way that I was approached and I visited many of the General Motor laboratories and divisions, got a chance to chat with the people and was building up a list of names of people that I might suggest. But along toward the end of it, it was pretty clear that they were looking me over. 

MR. LARSON: Oh yes. So that was quite a technique that they had there.

DR. HAFSTAD: I thought it was neatly done.

MR. LARSON: Yes. Well fine. So then the upshot of that was you then went to General Motors.

DR. HAFSTAD: Then I went to General Motors and to a large extent it was a shifting of gears, because General Motors had a laboratory which was superb, I would say, in metal cutting, but I would say that they were relatively weak in what we would call modern research activities.

MR. LARSON: Oh yes, and of course at that time, well, subsequently to that time, the complexity of automobiles with regard to really increasing the efficiency all the more, ignitions and carbonators…
DR. HAFSTAD: All the small problems.

MR. LARSON: Very timely that they got that big laboratory started.

DR. HAFSTAD: I think the decision had been made by John Pratt and the board of directors that they wanted to modernize and add to the laboratory. No criticism with what had been done, but the areas that they were neglecting that I had to build up.

MR. LARSON: Oh yes. 

DR. HAFSTAD: Of course, for me, it was relatively easy because I had the contacts to reach people and to recruit which was my assignment.

MR. LARSON: Well fine. That’s a very fascinating story. So then essentially you stayed with General Motors then until your retirement.

DR. HAFSTAD: That’s right.

MR. LARSON: Well that’s, you had some very interesting advances in the automobile field while you were there.

DR. HAFSTAD: Yeah. That was fascinating too. I would say that research is always fascinating.

MR. LARSON: Yes. Fine. Well since then, of course, you have engaged in consultation primarily with the government defense forces I believe on some many different, I hear about your activities in so many different phases of these things. Anything particularly that has stood out since…

DR. HAFSTAD: Well, I would say, well let me through in another light element at this point. When I was approaching retirement, people would ask me what I was going to do. My friends at General Motors and many of them, go to Florida, Arizona, places like that, for deep sea fishing. So when they got around, they would ask me what I was going to do. I would say, “Well, probably deep sea fishing,” and the chatter went on for a while. After a while somebody would say, “Well, what are you going to fish for?” I would say, “Russian submarines.” (Laughter)

MR. LARSON: Yes.

DR. HAFSTAD: I was working on the undersea warfare committee for the National [inaudible].

MR. LARSON: Oh yes. So… Since then you have continued your work with them?

DR. HAFSTAD: Pretty much.

MR. LARSON: Well that is a, you’ve outlined a fascinating number of scientific and technical projects which you’ve engaged in through the years. It must be a real source of satisfaction to see the large number of things that you saw essentially almost in the test tube, or in the laboratory bench and then come to fruition in large scale applications… 

DR. HAFSTAD: Yes. It is.

MR. LARSON: …which I always think is a great satisfaction. We certainly appreciate this opportunity to, talking with you, Larry. I think this, your exposition of these activities has clarified a number of points and I think will be of great value in our series on pioneers of science and technology. So thank you very much again, Larry, and I’ll give you a copy of this tape when we get it duplicated and I hope you’ll find it satisfactory.

[End of Interview]
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