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MR. LARSON: …irritates me so much because once being a college professor, I used to teach my students, you know, the scientific method, you know, first thing, first lecture, the scientific method. You gather all the facts, examine them carefully, come to a hypothesis, test them again, you know, all the usual things, and that apparently had gone out of style now, for some reason or other. 

DR. SINGER: Where were you a professor?
MR. LARSON: I was professor at the University of the Pacific at Stockton, California…
DR. SINGER: Yes.

MR. LARSON: …back, starting in 1937…
DR. SINGER: That’s a long time ago.

MR. LARSON: …that’s a long time ago, yes.
[Break in video]

MR. LARSON: I usually say, just give a few words of introduction, just say…

[Break in video]

MR. LARSON: Just want to make sure…

DR. SINGER: You’re sitting on something. I don’t know what it is.

MR. LARSON: Oh, that’s my… Look all right to you? 

MRS. LARSON: Yeah.

MR. LARSON: Okay, fine. Today we are privileged to introduce Dr. Fred Singer who has had a distinguished career on the frontiers of science and technology. However, rather than imposing on his valuable time to list his many accomplishments, I would like at this time to introduce Dr. Fred Singer. So would you please proceed, Dr. Singer?

DR. SINGER: Thank you. I suppose on of things that people are interested in is how did you get into science and technology.

MR. LARSON: That’s always a very important point.
DR. SINGER: We always start at the beginning. I suppose I started as a schoolboy with not a great deal of interest in science. At least I didn’t think I would become a scientist. I was always good in mathematics and very good in arithmetic and interested in numbers. 
MR. LARSON: Yes. We might incidentally start out with where were you born and what school did you attend when you became interested in this. 

DR. SINGER: As you know I was born in Vienna, the capital of Austria, and started school at age six. We have a fairly advanced school system run by the state and we were able to advance quite rapidly. So by the time I was 13, I had had a good bit of mathematics, physics, some chemistry and a background which you might say was sort of equivalent to what some students get in high school. 

MR. LARSON: Yes, well taking mathematics, physics and chemistry by the time you’re 13 that showed a very rapid acceleration of your scientific studies.

DR. SINGER: By the time I was 13, circumstances had gotten a little complicated in Europe, at least the part of Europe that I lived in.

MR. LARSON: What year was that when you were 13, just for orientation? 

DR. SINGER: Okay, that was in 1938.

MR. LARSON: Oh yes. 

DR. SINGER: I left school after 8 years of schooling and apprenticed to a machine shop, an optical shop and became very good after a few months in machine shop work, in grinding of lenses and making glasses. I could even take a person and determine the prescription that they needed. I knew everything I needed to know about being an optician. I suppose my first professional job that earned me money was that of an optician.

MR. LARSON: Oh, that’s very interesting, and very exacting work, grinding lenses. My experience of grinding lenses is limited to grinding a six inch reflecting telescope lens. We didn’t know what a rigorous…

DR. SINGER: We didn’t grind the curvature of the lens. We only ground the edges and made sure that it fit into a frame.
MR. LARSON: Oh yes. 

DR. SINGER: In the case of cylindrical lenses that was quite complicated. Anyway, by the time I was 14, I was advanced enough to become an optician and I worked in an optician’s shop in England, in northern England, in the county of Northumberland, a city called Newcastle, Newcastle on Tyne, and became quite good at this trade, but not well paid. I was then through some circumstance offered a job which sounded magnificent at the time, of being a junior engineer. Now you might ask what qualifications I might have to be a junior engineer and the answer was really not very many, really none. But I learned something about circuits and radio and what you might call very basic and simple electrical engineering. They were struggling with [inaudible]. I was partially self-taught and I could not quite understand at the time how one could determine two unknowns from one equation. I hadn’t quite grasped all the important [inaudible] yet. But by and by, I got help and was able to figure things out. I learned some calculus by reading a book. I learned some physics by reading another book. I took some evening courses in electrical engineering and worked for a firm called Rediffusion, which piped music into people’s homes. It was very popular at the time. People did not have a radio, but they had a loud speaker and the audio would be piped into their homes on wires that would be run into their homes and they paid a monthly rent for this. 

MR. LARSON: That never did catch on in the United States for homes.

DR. SINGER: No. It’s a system called Musak.
MR. LARSON: Oh yes. Industrial companies have them.

DR. SINGER: My job was to keep the programs going, to fix simple things, to change vacuum tubes or valves, as they were called. They would always go bad and I knew how to test them. I would also dust the chassis and keep everything neat and clean around the station. I kept that up until it was time to join my parents who had moved to Ohio and I became a resident of Akron, Ohio, and found that at the age of 15, or whatever I was at the time, yes about, almost 16, I couldn’t get a job. There was something called a child labor law.

MR. LARSON: Oh yes. 

DR. SINGER: And after having held two jobs and feeling very grown up, I was a little disappointed. I managed to not go to high school. I still don’t know how that worked out, but somehow I managed not to go to high school. Instead I presented myself to some folks at Ohio State University in the Department of Electrical Engineering with the idea that I would like to take a course in electrical engineering. I found a professor there, and I still do remember him, Harold Bibber, who sort of took me on as it were and helped me pass proficiency exams in calculus and a few other subjects so that I could enter Ohio State. Somehow nobody ever asked about my high school education. That was sort of lost in the shuffle. 

MR. LARSON: That’s a fascinating story. So you then did your undergraduate work at Ohio State.

DR. SINGER: In the department of electrical engineering, and thanks to this advanced placement that I got. I remember I was particularly proud of getting a proficiency exam in English. I didn’t have to take many of the beginning courses and also because of the acceleration due to the war conditions. Remember the war started on this day, December 7. 

MR. LARSON: That’s right. All of the courses were accelerated at once during that period.

DR. SINGER: And I went to summer school of course. So I turned out that within two years, I was able to get my degree.

MR. LARSON: That’s remarkable. So you were very young then when you got your bachelor’s.

DR. SINGER: I was 18 when I got my bachelor’s degree and of course felt fully grown up as I had ever since about 14. Then looking around I wasn’t quite old enough to go into the service yet, but knew that sooner or later I would become eligible for service in the armed forces. I wondered what to do. There were some industrial jobs that were being offered, but the most interesting job was at Princeton University. The physics department offered me the job of being a laboratory instructor...

MR. LARSON: Oh yes.

DR. SINGER: …for elementary courses and also the chance to do graduate work at the same time, and the magnificent salary of $2,000 a year, which was quite good. 
MR. LARSON: Yeah, that’s very good for graduate assistantships at that time. 

DR. SINGER: Yeah, at that time, you could by steak dinners at least in Columbus, Ohio, for 65 cents. I do remember that. 

MR. LARSON: So, well fine. You couldn’t have picked a better university so far as physics was concerned.

DR. SINGER: I really didn’t know much about that. You know, I sort of fell into it. I must say it was a complete accident. I was referred by Professor Shaffer [sp?], from Professor Shaffer at Ohio State who knew someone at Princeton and I remember traveling to the East Coast by train and being interviewed and all of a sudden I had a job and I was living in Princeton and I was a grad student. 

MR. LARSON: Oh yes.

DR. SINGER: These were interesting times. We had all sorts of things going on at the beginning of the war. People were always disappearing to work on projects that they couldn’t talk about. Much later, I found out that these were atomic projects and radar projects.

MR. LARSON: Oh yes. 

DR. SINGER: But no one disturbed me and I was trying to do as much as I could knowing that I would pretty soon go into the service. In fact before they had a chance to call me up I volunteered for the Navy, hoping to get a commission, which I never did, but they took me in anyway as a volunteer and I became an apprentice seaman. 

MR. LARSON: Oh yes. 

DR. SINGER: I will go quickly over boot camp and these other things. 

MR. LARSON: Did you get into, finally get into any of the technical aspects of things with the Navy?

DR. SINGER: Oh yes. They put me into radar training…

MR. LARSON: Oh yes.

DR. SINGER: …to be a radar technician and I learned a lot from that. I went through it pretty fast since I already had a bachelor’s degree in electrical engineering and had gotten the equivalence of a master’s degree in physics, but before I could finish radar school, and go out and join the fleet, they detailed me to the Navy yard in Washington, D.C., to work on mine warfare. The rest of my Navy career was spent on mine warfare, both anti-mine warfare, that is counter measures and also devising new ways of instituting mine warfare at that time against the Japanese. So I became an expert on magnetic mines, acoustic mines, and other kinds of influence mechanisms, developed circuits and had a very nice time. I liked that work, even though a few people did get blown up, but it was exciting. 
MR. LARSON: Yes. Of course there was a lot of sophistication scientifically by that time.

DR. SINGER: Yes, and it gave me a chance to try new fundamental approaches to the subject that hadn’t been tried before. I was the only non-commissioned officer in this group, still being, I think at that time I was only a gunner’s mate third class, mine mate third class. All the others were NC’s and JG’s, but they treated me as sort of an equal while we were in the lab at least and I got along very well with them. I stayed at the Marine barracks and learned how to play Blackjack.

MR. LARSON: Oh yes. That’s a very fine useful accomplishment. 

DR. SINGER: Yes, yes. I always thought Marines were very fine people.

MR. LARSON: Fine.

DR. SINGER: I also learned something about their language which came in good stead later on.  Anyway, I came under the influence of and started to work for a man named J.V. Atanasoff, John Atanasoff, who started a new section at the Naval Ordinance Lab in White Oak and he got me, I suppose because I didn’t cost him very much. I was being paid by the Navy and very little at that, and all of his other people were civil servants and had the rank of P-5 which is a pretty high rank in those days. So I joined that little group to build an electronic computer.

MR. LARSON: Oh yes. I interviewed Dr. Atanasoff here several months ago.

DR. SINGER: So from acoustic mines, which he also had, I went into electronic computers mainly because that’s what he wanted me to work on. I had no idea what an electronic computer was, of course. We had John Mauchly, who was an expert adviser and we had John Von Neumann in the Bureau of Ordinance as our, you might say, super chief. He sort of told us what he wanted to get accomplished. 

MR. LARSON: Oh yes.

DR. SINGER: [inaudible] interesting new circuits and devices for handling floating decimal points and arithmetic operations, things that are now being rediscovered it seems.

MR. LARSON: Oh yes, that’s very interesting. I know Dr. Atanasoff told about his development of several of the features of the early computer and so on.

DR. SINGER: Well, that’s what I was doing.

MR. LARSON: It’s a fascinating field. 

DR. SINGER: But before I knew it, my Navy career was over, the war was over and I had enough points as they were called, to get out. I thought I ought to go back to Princeton and finish my graduate work in physics. Now it turns out that the physics department really wasn’t interested in my doing work on computers. They thought that was too applied and belonged to electrical engineering and the man under whom I eventually did my work, Professor John Wheeler, John Archibald Wheeler…

MR. LARSON: Oh yes.

DR. SINGER: …a very, very known and distinguished physicist, but a very wonderful person. He had been a colleague of Niels Bohr. [Inaudible] physics and in fact he had been one of the foremost people in developing the theory of nuclear fission. 

MR. LARSON: Yes. I know his classic paper with Bohr on the liquid drop model of nuclear fission…

DR. SINGER: Yes.

MR. LARSON: …is still the classic in the field.

DR. SINGER: Well, at that time, that was 1946, John Wheeler was interested in many different things including cosmic rays. I didn’t know what cosmic rays were of course. I had not heard much about them, but it sounded interesting and I found out that right next to the Naval Ordinance Lab was another lab called the Applied Physics Lab of Johns Hopkins University. I went over there, still in the Navy, and presented myself to the people and met a man called James Van Allen who had just set up a high altitude research group which was going to put instruments in captured V-2 rockets, V-2 rockets that had been captured from the Germans and brought to New Mexico. Then he was going to do experiments on cosmic rays and he need someone who was good with circuits, a physicist who was partly an electrical engineer and he thought that I was just the right man for him. 

MR. LARSON: Well, that’s a fascinating story how your career intersected with so many of these people.
DR. SINGER: So I joined him at the Applied Physics Lab and Merle Tuve was still the head of it. He was a salty old Norwegian and we got along very well. Larry Hafstad took over from Merle Tuve and we got on very well and I still see him. Eventually Gibson took over as director and in any case I worked for Jim Van Allen and was fortunate to have a couple of other senior physicists in the group who were very good to me. I learned a lot from them since I really didn’t have any experience. I remember particularly Howard Tattle [sp?] who had come from MIT and was a first rate nuclear physicist and knew a great deal about instrumentation, nuclear instrumentation. So I really became a specialist in instrumentation, in telemetering and in general building lightweight small circuitry that could withstand high circuitry. 

MR. LARSON: Now what year was that?

DR. SINGER: Starting in the fall of ’46.

MR. LARSON: The fall of ’46.  So immediately the importance of getting instrumentation on rockets was being looked into.

DR. SINGER: Yes, and my job was quite technical. I did most of the technical work while Van Allen worried about where to get the money and made all the arrangements for putting things into the V-2 rockets. I got down to New Mexico and believe me it was quite exciting when you are 21 to sort of become involved in this sort of work. It’s really kind of mind boggling.

MR. LARSON: Yes. You started right on the frontier of sophisticated rocketry.

DR. SINGER: Yes, and this is what later on became space physics of course. We didn’t call it that. We called it high altitude exploration and it is really a field that involves more than cosmic rays. By working in this field, I learned a great deal about the upper atmosphere, about meteors, about the solar spectrum, about magnetic field experiments. Eventually I helped in experiments on the solar ultraviolet radiation. Some of the other physicists in the group asked me to work for them and help build the instrumentation. I designed an experiment to measure the distribution of ozone in the upper atmosphere and help build that one. I did my own experiment to measure the earth’s magnetic field at high altitudes. That’s when we made our first new discovery. We found the existence of a current of several million amperes flowing in the lower ionosphere at the equator. I remember that very well. By that time we had begun to run out of V-2 rockets and developed our own rocket called the Aerobie which we sort of specified, which was built by Aerojet Corporation.
MR. LARSON: Oh yes. So they took over from the V-2s and then you had an American source.

DR. SINGER: A much smaller rocket of course, and much cheaper, and not able to carry as much weight. So we had to put a lot of attention in how to build things very light and very small. 

MR. LARSON: Yes, and these were the days before transistors…

DR. SINGER: Yes.

MR. LARSON: …and microchips and so on, so you really had to rely on vacuum tubes which added to the bulk. 

DR. SINGER: Well, we did use extremely small vacuum tubes. The kinds of tubes that had been developed for use in the V-2 fuse. Tubes that would withstand very high accelerations and use very little power. It was very important that we use as little power as possible. 
MR. LARSON: Oh yes.

DR. SINGER: I became an expert in building small instrumentation using little power.

MR. LARSON: Oh yes.

DR. SINGER: The magnetometer which I eventually developed and modified and adapted to this job is also extremely small and used some very novel ideas. We were able to find an existence of this current and much later I was able to work on the theory of this and be able to explain why it’s there. For a while we didn’t understand how there could be such a strong current flowing in the upper atmosphere where there was essentially so little conductivity. 

MR. LARSON: Yes. Let’s see. Could you fix a little the location of this, both with regard to altitude and where in the Earth?

DR. SINGER: We fired V-2 rockets from the equator off the coast of Peru all the way to the Gulf of Alaska.

MR. LARSON: Oh yes. 

DR. SINGER: We did a complete latitude survey studying first of all the primary cosmic radiation, but also studying the magnetic field. It was at the equator that we found this sharp discontinuity in the magnetic field that showed the existence of an electric current, a current sheet. 
MR. LARSON: Oh yes. 

DR. SINGER: This sheet flowed at an atmosphere around 90 kilometers which is very low in the ionosphere.

MR. LARSON: Yes.

DR. SINGER: We, of course, tried to convince people that it really existed, but found it very difficult. We published the work, but not much attention was paid to it until we found an explanation much later, seven years later.

MR. LARSON: That was rather startling and I suppose hard to accept at that time.

DR. SINGER: Yes, we had thought that the current would exist, but at a much higher altitude and would be spread out over several hundreds of kilometers instead it was confined to only about 10 kilometers. The current is now called the Equatorial Electrojet. 

MR. LARSON: Yes.

DR. SINGER: It has a name.

MR. LARSON: Yes, that’s right. A very descriptive name.

DR. SINGER: In the process of doing all of these things, so to speak, with rockets, I also had to think about my thesis for Princeton and I developed an experiment on something called extensive air showers, cosmic ray showers. These are the highest energy phenomenon known in nature, primary cosmic rays which have energy to the order 10 to the 15 or 10 to the 17 electron volts, which is still well beyond anything we can produce in the laboratory. Of course, at that time it was far beyond anything that anyone could produce in the laboratory. We thought that we could discover many new physical phenomena, as well as new particles by studying these natural events. I designed an experiment which required that we do these experiments as a function of latitude up to the North Pole. I had to get to the North Pole, the magnetic pole that is, the dipole, which is in Northern Greenland and I was very fortunate to be able to hook up with the U.S. Navy and in the summer of 1947, I had an experiment all built operating and recording, set up on an ice breaker and off we went into the Arctic.
MR. LARSON: That’s fascinating. 

DR. SINGER: I spent a glorious summer cruising between different islands, spending most of it in Thule, Greenland, meeting Eskimos, talking to them, trading with them. I had with me a little Eskimo dictionary. It was an exhilarating experience. 

MR. LARSON: It sure must have been. How close did you get to the magnetic pole?

DR. SINGER: We got right to the magnetic pole.

MR. LARSON: Oh, you got right to it. 

DR. SINGER: Yes.

MR. LARSON: I’ve forgotten how far that is from the true pole.

DR. SINGER: Several hundred miles.

MR. LARSON: Several hundred miles.

DR. SINGER: Yes.

MR. LARSON: But you got that, within, that far north.

DR. SINGER: It’s on land, of course. The magnetic pole is on land. That’s how we were able to get there, whereas the true North Pole is in the Arctic Ocean, covered by ice. 

MR. LARSON: Yes. 

DR. SINGER: Three years later, in the summer of 1950, I went back there on another Navy exposition, this time flying balloons with cosmic ray equipment from the deck of the ship, from the deck of an ice breaker. That was also very exciting.

MR. LARSON: Very exciting.

DR. SINGER: I had my hydrogen with me, helium, mostly we used helium on the ship because hydrogen is too explosive, had to build all my instrumentation, operate it by ground station and had a grand time launching balloons with equipment from the deck of a ship.

MR. LARSON: So you measured, took measurements at different altitudes. 

DR. SINGER: Our primary purpose was to discover the lowest energy cosmic rays that we could find coming into the top of the atmosphere. In retrospect, we found something that I then was not able to explain, but I know what it is now. We found the existence of what is now called trap radiation, aurora belts. They were manifest by the fact that my Geiger counter which was measuring something went crazy, started to count at a very high rate and not understanding what was going on, I had to disregard the results figuring that something had gone wrong with the experiment.
MR. LARSON: Oh yes. At what altitude did you get this?

DR. SINGER: We got this at an altitude of about 90,000 feet.

MR. LARSON: Oh, that low.

DR. SINGER: Yes. We know now that aurora radiation, particles which cause the radiation do come into the atmosphere as low as that and we are evidently seeing aurora particles which we now know are trapped. Several years later I went back to the subject and did the theory that’s what I had measured several years ago, supported by the theory.

MR. LARSON: Oh yes. So your instruments were all right after all.

DR. SINGER: Yes, but we didn’t draw the right conclusions at the time. By then it was 1950 and I had gotten my Ph.D. in ’48 at Princeton with this cosmic ray experiment under John Wheeler. Van Allen was leaving for Iowa. Wheeler was at Los Alamos and thought I should work on something there that he couldn’t tell me about. I remember being interviewed by Edward Teller…

MR. LARSON: Oh yes.

DR. SINGER: …who was interested in having someone who knew how to build instruments that could take readings before they got blown up.

MR. LARSON: Oh yes.

DR. SINGER: Many years later I realized that had I joined them, I would have been involved in the construction of the hydrogen bombs, the testing of hydrogen bombs, but I also had another offer from the U.S. Navy and I had by that time become very loyal to the Navy. I had had so many Navy jobs and Navy operations. You know all of the Applied Physics Labs were supported by the Navy Bureau of Ordinance.
MR. LARSON: Oh yes.
DR. SINGER: I’d been in the Navy. I’d worked on this Navy electronic computer. I’d been on two Navy Arctic expeditions. I liked the Navy.

MR. LARSON: That’s, of course, they are renowned for supporting very good scientific work. 

DR. SINGER: So the Office of Scientific Research asked me to go to London and become a scientific liaison officer for them at the Embassy in London. I thought that was just a great idea to go to Europe. 

MR. LARSON: Well, that must have been quite an experience then. 

DR. SINGER: Yes. I went for a year and I liked it so much I extended, and I liked it so much I extended again.

MR. LARSON: Oh yes.

DR. SINGER: I probably would have stayed there if someone hadn’t called me back.

MR. LARSON: Oh yes. Of course that was quite an active point in time as far as many interesting English scientific developments. 

DR. SINGER: I covered all of Europe and I went as far as North Africa and the Middle East. I made my first trip to Morocco and Israel. At that time, European science was just recovering from the war and they were working under very difficult circumstances, often times with not enough resources, not even enough food. Rationing was still in full force in many European countries. Israel couldn’t get any meat, one egg a week. It was very difficult. I thought it would be an important public service to put these European scientists who I admired very much in touch with Americans who could work with them, or help them, or interact with them and that was essentially my job…

MR. LARSON: Oh yes.

DR. SINGER: …to discover what was going on, who was doing good work, write it up, publicize it and establish, as it were, links between U.S. science and European science. 

MR. LARSON: Oh yes. Well that, as I say, that must have been a very exciting time and European science was sort of rebuilding right at that time.

DR. SINGER: Yes. That was from 1950 to 1953. I lived in London and got to like it very much. I spent time in a lot of different European capitals. For example, three months in Stockholm, month in The Hague, month in Rome, I learned many European languages and still practice them. Some of them I’m still fairly fluent. I’ve made lots of personal contacts with very nice people with whom I’ve stayed in touch over the years. So all together, it was a really wonderful experience. What I missed very much was the active research that I had been carrying on. You can’t fire rockets. You can’t build instruments when you work in an office.

MR. LARSON: You actually had your hands-on experience throughout this career.
DR. SINGER: Yes. People appreciated that I was someone with hands-on experience and I gave lots of talks on rocket experiments, high altitude physics, cosmic rays, and I became an astrophysicist, at the time. I had really learned enough and read enough to become quite involved in astrophysics. I joined up and became a fellow of the Astronomical Society. I went to all of their meetings. They had one every two weeks in London. I got to know all the important British astronomers and astrophysicists and eventually sort of became like one of them.

MR. LARSON: Oh yes.

DR. SINGER: I also joined the British Planetary Society and became a space enthusiast. 

MR. LARSON: They were interested in space about that time.

DR. SINGER: Of course their view was very far out. You must remember that in those days, when you talk about space, they meant a manned occupation of the solar system and beyond. They were not very practical. 

MR. LARSON: So, they were almost of the Jules Verne approach.

DR. SINGER: I was very practical; after all I had built instruments and sent them up into space. So it was in those days that I talk about the idea of an instrumented satellite, earth satellite, and essentially developed that idea quite far. It was a novel idea because people had sort of over looked that. They had gotten all the way to putting man in orbit and doing grandiose things on other planets. To me an instrumented earth satellite was nothing more than the kind of rocket experiment that I had been doing except that it would stay up for a long time, Instead of only getting five minutes worth of data which is very little, you could for the same effort, get you several years’ worth of data. That sounded like a very good proposition to me. You had to remember that I was used to setting up my instruments in New Mexico and five minutes later they would crash and I would have nothing left.
MR. LARSON: So you would have to get all a lot of data in a hurry and then have very little left when you got through. 

DR. SINGER: Just for data, yes, and then go and build a new set of instrumentation every time. 

MR. LARSON: Oh yes.

DR. SINGER: And test it. The hours that I have spent on the bench testing instrumentation is very time consuming.

MR. LARSON: So you had the concept of then practicality of actually putting something into orbit.

DR. SINGER: Yes. We even gave it a name. We called it Mouse. 

MR. LARSON: Oh yes.

DR. SINGER: Now, let me see. That stands for Minimum Orbital Unmanned Satellite of the Earth. 

MR. LARSON: Oh yes.

DR. SINGER: The minimum was very important because I wanted to show that even with something like 50 pounds you could do an important scientific job. Now not many people believe that. I remember being attacked by some professors at the University of Chicago who said that these instruments that I was talking about could never be 50 pounds. You would need a whole laboratory for that, or a whole house. So I should call the thing House, not Mouse, or something to that effect. Well of course, they were wrong. They didn’t realize how much we could do in miniaturization and how, of course, just at that time, the transistor was discovered and everything became very simple. 

MR. LARSON: Oh yes. Well, that really opened up miniaturization.

DR. SINGER: Yes. Also the solar battery was developed and that opened up the possibility of having an instrument be in orbit operating indefinitely as it were because you no longer had to rely on chemical batteries. At that time, I built a model of the Mouse, a small one about so big and it’s in the Smithsonian now…
MR. LARSON: Oh, is that right?

DR. SINGER: …on display. Yes.

MR. LARSON: Fascinating. Now what year was it that you built that?

DR. SINGER:’53 or ’54.

MR. LARSON: ’53 or ’54. You had the model constructed.

DR. SINGER: Yes. It looks just like a satellite should look. Some years later, not many years later, I was actually put in charge of a similar program and used some of the same ideas for the Taurus program, the weather satellite program and used some of the same ideas that I had thought up for the Mouse in connection with Taurus and its successors, namely a spinning satellite using solar batteries with a television camera looking down on the Earth. 
MR. LARSON: Good. Well that’s fascinating how these things came out much earlier than most people think because… 

DR. SINGER: I had no idea in ’53 that things would go so quickly. 

MR. LARSON: Yes.

DR. SINGER: I knew that we would get instrumented satellites. I knew that. I was sure of that, but I had no idea that you would have something like this in orbit by ’57.

MR. LARSON: Oh yes.

DR. SINGER: Only four years later. That was unbelievable to me. 

MR. LARSON: Well, that’s really fascinating how rapidly that development took place because I remember I was very astonished at one of the experiments where, bouncing a radar beam from the Earth to the moon and getting a signal back. That sounded impossible, you know, but then to think of putting things actually up in that space…

DR. SINGER: And making them work.

MR. LARSON: …and making them work that was a big jump.

DR. SINGER: I was so used to having about every other rocket blow up on the stand. My experience at White Sands was not always very good because we had lots of failures, lots of explosions. Fortunately nobody got killed.

MR. LARSON: Yes. Well, the rockets were a controlled explosion.

DR. SINGER: Well, they weren’t suppose to explode, but they did.

MR. LARSON: No.

DR. SINGER: Fortunately, ours did not as much and we did get data. Well, then it was 1953 and I was spending a wonderful spring in Stockholm at the Nobel Institute working away on theory. I had become a theorist when I was over in Europe since I didn’t have a laboratory. I had become a theorist and I developed a theory about how to explain the equatorial electrojet and I developed another theory about the influence of cosmic rays on meteorites and that turned out to be a very scientifically important theory because it has led now to methods of dating the exposure of meteorites to cosmic rays. Had I been a chemist I could have made a career out of that, but I was not a chemist, so it became essentially a theory available to all and has led to a lot of good work by people all over the world who are using this idea that cosmic rays can transmute the nuclei of meteorites. So they can now measure to see how long meteorites have been exposed to cosmic rays.
MR. LARSON: Oh yes. And so essentially it’s an important dating…

DR. SINGER: The break up time of the meteorite

MR. LARSON: The break up time and so on. 

DR. SINGER: Before that, say the meteorite is inside a larger body and is not exposed to cosmic rays, but then when it breaks up it does become exposed, so you can date that.

MR. LARSON: Then by the analysis, the radio chemical analysis you can get…

DR. SINGER: Yeah, the isotopic analysis and basically what I found is that the major indicator is helium-3. Helium-3 is extremely rare of course and we had known that there is helium in meteorites, but everyone thought that the helium came from the decay of uranium, except if you did that you got impossible ages for meteorites. Something like 10 billion years. Then I had calculated that most of the helium, maybe most of the helium comes from the [inaudible] iron meteorite by cosmic rays which releases helium among other things.

MR. LARSON: Yes.

DR. SINGER: And helium-3 and I predicted that one third of the helium would be in the form on helium-3. When they finally measured it in a mass spectrometer it actually was.

MR. LARSON: That’s very interesting. Of course, as to getting it from uranium, of course you’ll never get helium-3 from uranium. 

DR. SINGER: Exactly. So that was the big indicator, helium-3.

MR. LARSON: Well, that’s a fascinating development. Of course this whole field of isotopic analysis and going beyond that of course to the origin of the elements is an absolutely fascinating field.

DR. SINGER: I met Harold Urey at that time.

MR. LARSON: Oh yes. 

DR. SINGER: We became life-long friends.

MR. LARSON: Oh yes.

DR. SINGER: He liked these ideas and he invited me to come to [inaudible] Observatory and talk about this. I did. That may have been ’52 or ’53 and visited him. Looking back on it now, I think what I should have done, I should have become a chemist. I should have become a [inaudible] chemist or a cosmos chemist, or both.
MR. LARSON: About two weeks ago, we interviewed Dr. Fowler of Cal Tech who got the Nobel Prize for the origin of the elements.

DR. SINGER: Yes.

MR. LARSON: He said it was a fascinating field.

DR. SINGER: He made use of some of these ideas too because some of these spallation products as we call them, lithium, beryllium, and boron. In any case, another man who thought highly of this work was Willard Libby.

MR. LARSON: Oh yes. 

DR. SINGER: One of the products of these break-ups is tritium. Tritium eventually changes into helium-3, but most of the tritium in the Earth’s atmosphere comes from this process that I described as occurring also in meteorites. So I worked in Stockholm on these problems and published it all and sent word around to different people urging them to measure helium samples from meteorites.

MR. LARSON: Oh yes. That’s a very fascinating scientific material that you developed there. 

DR. SINGER: I was lucky enough that I had two mentors in Stockholm. One was Manne Siegbahn, and his son, Kai Siegbahn, both Nobel Prize winners.

MR. LARSON: Yes, I know.

DR. SINGER: And the other was Hannes Alfven who also won the Nobel Prize later for his work on magnetohydro dynamics.
MR. LARSON: Yes.

DR. SINGER: They were very different people of course, but they are my life-long friends again.

MR. LARSON: Yes. Both were very productive scientists.

DR. SINGER: I actually worked in Alfven’s laboratory, but I lived in the Nobel Institiute, as a guest of the Institute.

MR. LARSON: Oh yes.

DR. SINGER: Well, just at that time, as I was enjoying myself in Sweden, I got this long, long letter from John Toll. 

MR. LARSON: Oh yes. 

DR. SINGER: John Toll had been a fellow graduate student of mine at Princeton and he wrote me this four page single-spaced letter. The gist of it was if I came to the University of Maryland, he’d make me an associate professor. 

MR. LARSON: Oh yes. 

DR. SINGER: He had just become chairman of the department, having never having done anything at a university, but I recognized that he had real talent for this. I was to be the first man that he wanted to hire.

MR. LARSON: Oh yes. That’s fascinating there.

DR. SINGER: I felt flattered by this offer and I wanted to get back to active research, experimental research, that is. So I accepted and in September of 1953, I was in College Park, Maryland. I remember shocking John Toll by writing him a letter asking him if he could buy me a house.

MR. LARSON: Oh yes.

DR. SINGER: I wasn’t particular.

MR. LARSON: You had to have some place there.

DR. SINGER: Yes. I just said, “Would you please buy me a house?” He thought I was being a little casual about this, but he sent me some information about houses in Greenbelt and I bought one, almost by mail, but I did look at it.

MR. LARSON: Oh yes. That’s fascinating. Let’s see, John Toll subsequently left Maryland for a while and came back as president.

DR. SINGER: He’s now the president, yes. And we are still friends. We’ve been friends all of our lives. 

MR. LARSON: Oh yes.

DR. SINGER: I’m very fortunate in this respect and still have many, many very good friends everywhere. I came back in ’53 and suddenly became a celebrity in the rocket and space community. I became a director of the American Astronautical Society, and I became active in the American Rocket Society, an officer and director I think. It was not as well organized as it is now. There were a lot of amateurs, a lot of enthusiasts, people like Wernher Von Braun were active in it, of course, Fred Ordway, Gordon Bathe [sp?], Fred Durante [sp?], people, you know, that I’ve stayed in close touch with. 

MR. LARSON: Oh yes. Many of those people are still involved.

DR. SINGER: Yes. Now at that time, I won’t say I had a falling out with Von Braun. I met him finally. I didn’t agree with his ideas. He was writing always about manned space flight and I thought that was too far out. I wanted to launch an unmanned satellite and he didn’t think too much of that idea.

MR. LARSON: Oh yes.

DR. SINGER: Eventually, we did get together and he supported the idea of an unmanned satellite, but unfortunately he lost out in the internal power struggle.

MR. LARSON: Oh yes.

DR. SINGER: And his explorer satellite did not get launched until long after the Russians launched Sputnik.

MR. LARSON: Oh yes.

DR. SINGER: That’s because President Eisenhower decided that we had to have a space program which had to be “peaceful”. That is it couldn’t use military rockets. Since Von Braun was working on the Red Stone Rocket [inaudible]
MR. LARSON: Essentially, we lost several years.

DR. SINGER: I thought that was a mistake. I felt that we bent over backwards too far.

MR. LARSON: We bent over so far that we fell flat on our face essentially.

DR. SINGER: Yes, but, you know, the United States was so far ahead of everyone, so all powerful, so all dominating, that our leaders and many of our citizens felt that we should tread very softly. Well anyway, after the Soviets launched their Sputnik we forgot all that.

MR. LARSON: That vanished almost overnight.

DR. SINGER: Yes. By that time, I had of course been at Maryland for several years. I had set up a center for space physics, atmospheric and space physics. I had gotten a fair amount of money from different agencies to do work. We developed our own little rockets, small rockets, two stage rockets, single stage rockets, balloon launched rockets, air launched rockets. I had all kinds of things going with many graduate students, sometimes a dozen or more.

MR. LARSON: Oh yes. 

DR. SINGER: We published, I think, quite good papers, some 200 papers in what’s called solar terrestrial physics, including the seminal papers on trapped radiation, radiation trapped in the earth’s magnetic field.  [Inaudible] found the existence of this radiation, I think it was in 1958, we had published on it earlier. Interestingly enough, I couldn’t publish it in the accepted journal because the referee thought it was too wild.
MR. LARSON: Oh yes.

DR. SINGER: So I had to publish it in what was then considered to be a somewhat lesser journal called the Transactions of the Geophysical Union, but they published it and I also wrote it up elsewhere in ’56 and by golly they were these particles. After they were discovered, they were a matter of explaining in detail the energy spectrum, distribution and I had about a dozen papers on that in quick succession explaining all the features of that radiation. That was rather exhausting work and by the late ‘50’s I was ready for a change. Along came an offer to come out to the Jet Propulsion Lab in California. 

MR. LARSON: Oh yes.

DR. SINGER: And spend a year [inaudible]. So I left the active research life of Maryland. Some of my projects, I had lost funding here and there and it’s difficult to keep that going. It’s very time consuming to apply for grants several times a year. 

MR. LARSON: There’s not much time left to do the actual research work. 

DR. SINGER: Yeah, and then we had competition too. Many other people had gotten into the business and the NASA labs were grabbing most of the experiments and leaving very little for people at the universities. I was disappointed because I had not gotten my experiments that I had proposed into the first U.S. satellites. I had missed out on that. That was a little disappointing. So I decided to essentially give up on experimental work and work on theory where I didn’t need support, or I didn’t need as much support. So the year in California was very good for me. I learned about planetary atmospheres and again published a whole lot of things about not just the Earth, but also the moon. At that time, I came under the influence of another great scientist, Professor [Ernst] Opik, [inaudible]. He’s an Estonian who lived in Northern Ireland and recognizing his brilliance I invited him to come to Maryland and paid his salary out of my contracts. That turned out to be a great investment. Also for him, his work became known in the United States, just by being here. I learned from him. I learned a great deal from him and we published papers together in subjects ranging from the atmosphere of the Earth, the exosphere of the Earth, the atmosphere of the moon, what there is of it, meteorites. I think I’m the only man who has ever co-published with him. He was not known for having co-authors.
MR. LARSON: Oh yes.

DR. SINGER: So I feel rather proud of that. He just passed on, was in his 90’s.

MR. LARSON: Is that right?

DR. SINGER: I just learned of his death. Now I’m writing something about him for publication in the journal that he started called the Irish Astronomical Journal. 

MR. LARSON: Well, that’s very interesting how you happened to spot him, pick him up and bring him into this field.

DR. SINGER: Yes. I think it made his career in a sense because people met him for the first time. He had not met many people before. He was not known in the United States. 

MR. LARSON: Yes. Northern Ireland is hardly on the cross-roads of the scientific…

DR. SINGER: Yes, and Estonia is even further removed. That’s where he worked before the war, before World War II, in a place called Tallen [sp?].

MR. LARSON: Well, that’s fascinating. So then you, when you came back from Cal Tech, what was your next step?

DR. SINGER: Well, I never came back from Cal Tech. What happened was I spent the year there and when I was there, towards the end of my stay, I was planning to come back, I got a visit from Dr. Harry Wexler. He was the chief scientist of the U.S. Weather Bureau.

MR. LARSON: Oh yes.

DR. SINGER: I had known him because he was a very forward-looking and also very nice man. He had liked the idea that I had proposed of an instrumented satellite. He tried to see how it could be used for meteorology. That was in 1953 and ’54. I had contact with him and I gave him some technical information and helped in some respects. He remembered that. So he apparently was my chief sponsor and asked me if I would accept on behalf of the chief of the Weather Bureau a new position, the position of the Director of the U.S. Weather Satellite Activities, the operational weather satellite.
MR. LARSON: Oh yes. 

DR. SINGER: Well, I thought it was time to go back into government. So in 1962, I became the first director of something that I called the National Weather Satellite Center, in [inaudible], Maryland. We had a lot of money that Congress had given us, most of it was subcontracted through NASA to build satellites and to launch them, but our job was to set up an operational system. I’m happy to say that it was done. It worked well. It still exists and it’s preformed a very useful service. 

MR. LARSON: So in your headquarters there you’re responsible for designing or inventing the basic weather satellites and putting them in operation.

DR. SINGER: We developed improvements to the basic weather satellite, and as I mentioned earlier, some of these came from my work on the Mouse satellite.

MR. LARSON: Oh yes.

DR. SINGER: We were instrumental in developing instrumentation. My background in instrumentation turned out to be fairly simple. I also developed operational methods for weather satellites, but most important, we had to fight an important political battle to make sure that we did have control of the program. 

MR. LARSON: Oh yes.

DR. SINGER: NASA, at that time, was very interested in keeping it as a research program. Our job was to make an operational program... 

MR. LARSON: Oh yes.

DR. SINGER: …which the weather forecasters could use. That was the important thing. I really learned for the first time how important applications are and how one handles money, real money.

MR. LARSON: Oh yes.

DR. SINGER: And how one handles Congress. I was up there testifying.

MR. LARSON: That’s right. And you have to show results also along with this.  Incidentally, what was the date of, you might say, the practical operations of your weather satellite system?

DR. SINGER: It started around 1962.

MR. LARSON:’62, in other words, at that point in time, our weather bureau was able to make use of the data.

DR. SINGER: The first Taurus was launched in 1970 and, sorry, 1960, beg your pardon. We just celebrated the 25th anniversary, and it worked very well.  That was as a research satellite. 
MR. LARSON: Oh yes.

DR. SINGER: It detected the first hurricanes and that was quite an exciting event.

MR. LARSON: Oh yes.

DR. SINGER: But we thought we could do much more with a weather satellite than just follow hurricanes. The important thing was to be able to predict the weather in middle latitudes where most people lived, to do more things than just do the weather. We also wanted to observe the ice to help ships at sea, wanted to observe forest fires, wanted to be able to do a great variety of applications.

MR. LARSON: Oh yes. Well, that’s…

DR. SINGER: The beginnings of what we called the Land Sat, the resources satellite, really came about in those years. Since I was not a meteorologist, but everyone else around me was, my job was to think up applications that were not in meteorology and try to get them to pay attention to those applications as well.

MR. LARSON: Oh yes. That’s been such a spectacular advance in meteorology and the ability to forecast weather. We almost can’t remember back in the days when we just never knew when there was going to be a terrible storm, or when we were going, I grew up in Minnesota, when we were going to get those, the six feet of snow dumped on us. So…
DR. SINGER: Well, it’s interesting with very crude instruments quite a bit could be done, but now of course in the last 25 years, instrumentation has improved tremendously. We now have active systems of radar. We soon will have active systems of lasers, many different things that we will be able to put on satellites which will determine some of the atmospheric processes in much greater detail. They will be much better than anything we’ve had before. I think really that the idea of remote sensing and Earth observations from satellites is one of the great payoffs from the space program. I’m very proud of the fact that I was involved in some of the early parts of it and hope that I can stay associated with it because it’s really a great boon to mankind. 

MR. LARSON: It surely is. It is something we use every day. 

DR. SINGER: Well, by then it was 1964. I had two years in the weather satellite business and I felt that I had solved the problems and I felt it was time to go back to university life. In retrospect, perhaps I should have stayed with this because it’s become very successful, but I never did believe in remaining in government for too long. At that time, I got an interesting offer from the University of Miami to set up a new school of environmental and planetary science. They had a good institute of oceanography, mainly in biological oceanography and they thought that by having a person like myself as the head of the whole school, it would build up physical oceanography. Indeed, we did. We also added a department of atmospheric sciences and geophysics and recruited many good physical scientists who have since interacted very well with the biological oceanographers. Oceanography is a very interdisciplinary type of science.
MR. LARSON: Yes. I visited the Miami school down there and observed some of the experiments they are doing.

DR. SINGER: It is a wonderful environment. I really loved it. I stayed there for three years as dean and probably would have stayed on. Being a dean is not always the best thing in the world, but being a professor there is, I think, a wonderful life. I was doing, beginning to do quite good scientific work. I started something new. I became interested in the satellites of our planets, particularly our moon. In 1966, I developed a new theory about the origin of the moon. Really, it came out of work I had done earlier, partly with Opik on the moons of Mars. Mars, as you know, has two small moons, Phobos and Deimos. More about that later, but those are fairly simple to handle because they are very small. The Earth’s moon is very difficult and challenging problem and after learning something about the field, by reading many papers, I had an idea that I wanted to pursue. So I became deeply involved in the question of the origin of the moon. The idea that I had was that it could be captured as a whole moon by the Earth. The question was how can you do this? What would happen to the Earth? What would happen to the moon? What would happen to the orbits? Does the evidence support this kind of an origin? Interestingly enough, I’m still with this problem. Just this last week, I finished a review paper for a book.

MR. LARSON: Oh yes. I believe that Harold Urey began to get into this for a while too, the origin of the moon.

DR. SINGER: Yes. He’s one of the pioneers. Harold looked at it really for the point of view of a chemist.

MR. LARSON: Oh yes. 

DR. SINGER: He had many of the right ideas. Since I’m a physicist, I looked at it from a different point of view.

MR. LARSON: Yes.

DR. SINGER: But one has to actually apply all points of view eventually to be able to settle such an important problem. 

MR. LARSON: Yes, well that’s of course a fascinating problem. I guess it’s probably, it’s difficult enough so that you’ll never quite finish up that particular problem.

DR. SINGER: I think you’re probably right. It seems that even the data that we’ve gotten from the moon has not settled the issue. There are at least four or five different theories now, in addition to mine, the capture theory. There is also a theory of fission from the Earth. There is a theory that the moon formed around the Earth while the Earth was forming. There was one that the moon was splashed out of the Earth and then reassembled. There are many different ideas. By then it was 1967 and believe it or not, I got a call to come back to Washington. I of course had a wonderful experience in Washington in the weather satellite program. What they wanted me to do know was a little different. First of all, it was the Department of the Interior, and the people who wanted me to come included Bill Pecora, the director of the U.S. Geological Survey. He was most anxious that the resources for satellites end up in the Department of the Interior. I thought he had a good point there because the people in the Weather Bureau really weren’t doing much with observations of the land. They really were only observing the clouds. 

MR. LARSON: Yes.

DR. SINGER: And I knew that so much more could be done with Earth observing satellites than just observing clouds, as important as that may be. So I readily agreed to come to the Department of the Interior, but the main job that they wanted me to do was to look after water pollution and research, water research, and then it turned out that what they really wanted me to do was to look after everything that was oceanographic. Eventually, I was their liaison to the Marine Commission that operated under Julius Straton in Washington, D.C., So my three years in the Department of the Interior, until 1970, were really absorbed with the kinds of activities that people do in Washington, you know, interagency meetings, and other meetings, going around and speaking and really getting in everyone else’s way. 

MR. LARSON: Yes. Well of course, there is a good deal of overlap and interest in many of these things. So naturally there would be a natural need for resolving some of these things. 

DR. SINGER: I enjoyed it to a certain extent. It was not as creative and productive as developing the weather satellite system and certainly there was not that much science involved. But for the first time, I came into contact with truly environmental problems. The things I had been doing in Miami, although it was called the School of Environmental and Planetary Sciences, we really didn’t deal with real environmental issues. I learned how important they were and how economically important they were, how much they cost, how much damage they do, and it dawned on me that in order to do a good job, I really had to know something about economics. At least I had to know something about cost benefit analysis. So I proceeded to become a half-baked economist, really because one had to be one. 

MR. LARSON: Oh yes. In fact, there is a greater and greater need for the analysis for the cost benefit analysis because you can’t do everything.

DR. SINGER: Every document I studied, for example I remember studying a document reclaiming oil from oil shale where there were great many environmental problems, all of which cost money to take care of. The question of how do you allocate costs, how do you estimate costs, how do you estimate the benefits, became very important. I must say that without any academic background in this particular area, it was a little difficult. But I eventually, I sort of mastered the subject and it was a good experience because later on I became very active in energy economics.

MR. LARSON: Oh yes. 

DR. SINGER: So there we were in the Department of the Interior. I was Deputy Assistant Secretary, Wallie Hickel, ex-governor of Alaska was in charge. He was good leader, enthusiastic man. I enjoyed working with him. I think that was mutual.

MR. LARSON: Oh yes.

DR. SINGER: By 1970, however, reorganizations had started to take place. It was evident that we were not going to get, we in the Interior were not going to get the ocean activities. Instead they set up a new agency called NOAA, the National Oceanic and Atmospheric Administration, but instead of putting it into the Department of the Interior, Mr. Nixon decided to put it into the Department of Commerce. Some friction had developed, you may remember, between the White House and Hickel and Hickel was fired.
MR. LARSON: Yes. I remember that.

DR. SINGER: Thanksgiving Day of 1970.  I wondered whether I should really stay on. I didn’t like some of the things that were going on. My mind was made up for me. The water pollution activities were taken out of Interior and put into a new agency called the Environmental Protection Agency.

MR. LARSON: Oh yes. They were just formed.

DR. SINGER: Under Bill Ruckelshaus who I knew, and I became the first employee, the first member of the EPA. My title was simply transferred along with all the activities and I became the Deputy Assistant Administrator of EPA. But I must say, after talking to the people who ran it, I decided that wasn’t for me. Their main interest was really in enforcing the law and suing polluters, enforcement. Well, enforcement, that’s a job for lawyers. And indeed the people who ran the agency were all lawyers. I’m not a lawyer. I’m a scientist. 

MR. LARSON: Yes.

DR. SINGER: Maybe I’m interested in economics and cost benefit analysis and I thought I would like to do that, but at that time there was no interest in these matters. So we worked out something whereby I joined the Brookings Institution as a Federal Executive Fellow, actually on the payroll of EPA, and worked on the economics of pollution control and cost benefit analysis.
MR. LARSON: Oh yes. Of course going to the Brookings, there were a lot of fellow travelers in the economics field there.

DR. SINGER: Well, I got to know some economists. I must say I didn’t have that much interaction with them. We didn’t speak the same language, but I did my work and my studies and it proved to be quite useful. But when an offer came along from the University of Virginia, to join the faculty as a senior professor with all sorts of extra emoluments, I thought that was a nice idea. I liked the idea of being in Charlottesville. 

MR. LARSON: Oh yes. It’s a very fine environment to live in, that university town there.

DR. SINGER: It is and we set up, they had just set up a new department called Environmental Sciences which was an interdisciplinary department involving physicists on the one hand, meteorologist, geologists, hydrologists, all the way to biologists and ecologists. I thought this was an interesting group of people, a young, enthusiastic department. So I readily agreed to join them. 
[Break in video]

DR. SINGER: At that time, I had a number of things I wanted to investigate. This experience in the Department of the Interior had really been very valuable. For example, I had organized a meeting for the American Association for the Advancement of Science on the subject of population growth and its effects. Eventually, I edited a book called Is There an Optimal Level of Population? That came out in ’71. Then I really wanted to pursue that subject. I was so interested in knowing something about the carrying capacity of the earth. Would there be enough food, would there be enough minerals, would there be enough energy, would there, and so on, and these kinds of issues really came to dominate the ‘70’s and I was deeply involved in them right from the beginning. 
MR. LARSON: That’s, of course, a fascinating field there and a very important one.

DR. SINGER: So I developed economic models to study these questions and I found that to be quite exhilarating, quite exciting work. In the meantime, I still carried on work in space physics. I became deeply involved with interplanetary dust, zodiacal dust it’s sometimes called, micrometeorites and commentary dust and developed an experiment by which eventually, it took a long time, but eventually did go up in a satellite. In fact, a version of the experiment is flying in orbit right now collecting data of, I think, some interest of these dust particles whose origin we are interested in, whose properties we are interested in and will give us interesting indications about comets. But my main work was in the area of the economics of pollution control, cost benefit analysis, the matter of population growth and its effects, and the modeling that went with it. By about 1974, I became more and more involved in energy matters, energy technology, energy economics, energy policy. We set up an institute or a center at the University of Virginia dealing with such studies. I became a member of that. I would say that since about 1977 I’ve been spending perhaps half my time on energy questions.
MR. LARSON: Oh yes. Of course that’s a very important program and will be for certainly the foreseeable future.

DR. SINGER: It proved to be really important. I think I got into it at the right time. 

MR. LARSON: Yes.

DR. SINGER: I took a sabbatical in 1977 spending it in, well, I divided it up into four parts, 16 months, four parts. I spent it at Stanford, Harvard, Austin, Texas, and Jerusalem, doing similar things and yet different things in each place and the exposures were useful, interesting and pleasant, very pleasant. But out of this experience came basically a new view about the oil situation which I started to publish leading to a model, an economic model showing how oil prices are determined. I had done some work earlier as a consultant for the U.S. Treasury, specifically for Mr. Simon, William Simon, the Secretary of the Treasury and I know and use this work and am so deep in it, and eventually came up with the conclusion that during the rapid price rise in ’79 and ’80, the prices were going too high. They had to come down. This was completely contrary to what everyone else was saying. Most people had deep faith in the fact that oil prices would continue to rise and made the investment decisions accordingly. Those people are mostly bankrupt now. 
MR. LARSON: Yes. Well of course people were doing sort of straight-line extrapolation on a very steep curve there…

DR. SINGER: Yes, they were.

MR. LARSON: …with predictions of $50, 60, 70, 80 a barrel of oil ultimately.

DR. SINGER: I find the subject does yield to analysis. One had to have a model. I developed such a model, a very simple one, but it seemed to contain all the right ingredients and it was simple enough that one could analyze it or handle it with a small computer. It didn’t require a tremendous computing effort. This model has now turned out to be successful in that it has been vindicated and validated. I have now published a monograph on the subject called the World Price of Oil, or maybe it’s the Price of World Oil. I can’t remember which it is. It’s out there and it’s well thought of. Also, I decided I like the subject well enough that I would take another year off, which I did in ’82, ’83 and spent it here at the Heritage Foundation here in Washington writing a book. Actually, it’s an edited book with a number of co-authors on energy policy called Free Market Energy.

MR. LARSON: Yes. As a matter of fact, I believe I just saw that in the Cosmos Club library the other day. I didn’t have a chance to read it.

DR. SINGER: Well, it’s standing up very well. I use it as a textbook. I’m very pleased with it. I think the investment that I personally made in energy analysis, energy economics, energy policy has been worthwhile for my personal point of view. Of course it took time away from scientific work, but I don’t mind that. I think it’s the right thing to do at that time. 

MR. LARSON: Yes, it was very important.

DR. SINGER: Well, now that I’ve completed those things, I think I’ve gotten over my energy questions, I’ve started to reenter space physics, space science again.

MR. LARSON: Oh yes. 

DR. SINGER: And right now I’m involved in a wide range of activities writing, doing a lot of writing on issues from a public policy point of view and trying to get these published in places like the Wall Street Journal.

MR. LARSON: Oh yes. In fact, I think I’ve seen, occasionally I’ve seen some articles by you in the Wall Street Journal. 
DR. SINGER: This year I’ve had four, so far. One on the disposal of high level nuclear waste. One on the question of future oil prices at OPEC. One on the question of what to do about oil import fees and oil security, and the most recent one had to do with marine fisheries, believe it or not.

MR. LARSON: That’s quite a range there.

DR. SINGER: Well, I’ve been writing about acid rain. I’ve been writing about the financial problems of Saudi Arabia.

MR. LARSON: Oh yes.

DR. SINGER: All published in various magazines and journals. So this is a pleasant way to operate. I now have enough experiences and insights into issues that I feel I can handle what I write about and I feel I can express my views in and I find to my delight that many of my friends read what I write and tell me that they like it.

MR. LARSON: Well, that’s very gratifying. 

DR. SINGER: It is very gratifying.

MR. LARSON: Fine. But right now, as you say, you’re getting back into the scientific aspects of analysis of the space problems.

DR. SINGER: Yes, well, first of all I must tell you I’ve become involved in some more or less practical issues, partly because I’ve been the advisor to George Keyworth in the White House. Acid rain has been a major concern, but he’s asked me to look into other things as well and I’ve become deeply involved in what we should do about the future of nuclear power in the United States and more recently in strategic defense initiatives.

MR. LARSON: Oh yes. Of course that’s the big issue right now, both scientifically and politically.

DR. SINGER: I’ve never been that close to these problems in the past. I’ve never been involved, for example, in arms control or [inaudible] or as many things as most of my colleagues in the academic world seem to like. I’ve never come close to it. I’ve always felt it was an overcrowded area and it would take care of itself. Now I find that I do have ideas and I want to express them and I’m writing about those also. 
MR. LARSON: Well fine. It’s a field that needs some very good thinking and so much of it is tinged with emotion or politicized and it’s hard to sort out the facts and the science from the politics.

DR. SINGER: I agree, yes. Yes. Recently, just for fun, I looked at the Anti-Ballistic Missile Treaty to see whether it permits SDI [Strategic Defense Initiative] testing and I’ve concluded about as much as the Defense Department concluded. That in fact the treaty is ambiguous but that the plain way of reading it, it would not conflict with SDI testing. So that’s a contribution that I hope to get published in the next few days. 

MR. LARSON: Yes. Well I was involved in nuclear anti-ballistic missile problems and went up to Alaska to see the tests and that sort of thing. I always felt that somehow or other there should be a defense that we can do. That was a very difficult way to go, the way we were going. I think the modern developments have given us a lot of hope.
DR. SINGER: They give us hope and my real hope is if we can develop an effective defense, we will not need the offensive missiles to the extent that we do have and arms control will in fact become easier and more feasible once defense looks practical. But you asked me about my current scientific interests. I think I would like to talk about that a little bit.

MR. LARSON: Good. 

DR. SINGER: I mentioned to you that I am returning to the moon, so to speak. I have rethought about all my work on the moon. I have about a dozen publications on that and have concluded that they all really stand up and I’ve written a review article which will come out in a book on the origin of the moon along with opposing views. I may be the only survivor of the only one that holds the view that the moon was captured. I don’t know. It’s not a very popular view right, but that doesn’t bother me. These things come back. They go away.

MR. LARSON: Scientifically, it’s such a fascinating field. 

DR. SINGER: Actually all you have to do is, I’ve decided, is live long enough and it will all become popular again.

MR. LARSON: These things come back.

DR. SINGER: Yeah. I would like to do some more original work. I see the need to sit down and calculate some things and will do this as soon as I can, as soon as I am settled in a place where there are graduate students that want to do some work.

MR. LARSON: Oh yes. 

DR. SINGER: Because this is obviously the thing for graduate students. I think that’s why God made graduate students. 

MR. LARSON: That’s right. They are very…

DR. SINGER: They are stubborn ones.

MR. LARSON: They have no inhibitions and they are hard workers and they don’t cost very much. That’s the ideal situation for doing research work. 

DR. SINGER: As far as advanced thinking in science is concerned, I’ve made a sort of big turn in the road. You remember that 30 years ago I was rather opposed to the idea of manned space flight. That is to say that I didn’t see it as a practical step.

MR. LARSON: Oh yes.

DR. SINGER: I looked to instrumentation to do the job. I’ve now concluded that there are many areas in science that require the presence of a man, or woman, and I’m presently, how should I put it? I’m sort of a member and probably the old man of a group called the Mars Underground. 
MR. LARSON: Oh yes.

DR. SINGER: Most of the members of the group are under 30. They are mostly students and graduate students in different universities, but it got started at the University of Colorado and I’m pleased to say that I helped support it in the beginning and participated in the earliest meetings. 

MR. LARSON: Oh yes. 

DR. SINGER: Mars Underground is pushing strongly for human exploration of the planet Mars for a variety of reasons. My reasons are primarily scientific and I would like to see us send a manned expedition to the satellites of Mars to Phobos and Deimos. These are just little rocks, you know. 

MR. LARSON: They are quite small, aren’t they? A few miles? 

DR. SINGER: That’s right. So they have no gravitational field to speak of. They are quite easy to attach to, but the main reason why I think we should focus on the satellites of Mars rather than the surface is that it’s so much easier and therefore cheaper to get to the satellites and safer too.

MR. LARSON: Oh yes.

DR. SINGER: From a scientific point of view, it turns out that you could do more science and better science on Mars by directing unmanned vehicles, unmanned robots and so on from directing them from Phobos of Deimos than you can by actually landing a man on the surface of Mars.

MR. LARSON: That’s an interesting concept.

DR. SINGER: You can actually do more and better work, cheaper work, and sooner by standing off the surface of Mars and directing the work from there.

MR. LARSON: Oh yes.

DR. SINGER: I’ve worked this out in quite detail and I’ve done this project, the Ph.D. project, Phobos and Deimos and we have set up what we call the Ph.D. Committee. We have a Ph.D. mission plan and we’re soon going to have a Ph.D. Underground.

MR. LARSON: Well, that’s fascinating. You have to start early on something like this and develop it. At this particular point in time, I suppose there is very little official encouragement. 

DR. SINGER: Well, I think it’s going to become the natural outgrowth of the space station.

MR. LARSON: Oh yes.

DR. SINGER: Once you have the space station in orbit above Earth, it doesn’t take much to take the space station or a similar space station and put it in orbit around Mars.

MR. LARSON: Oh yes.

DR. SINGER: The propulsion requirements are very small. The Delta-V required the incremented velocity. It’s a lot easier to put this station around Mars than it is to put it on the moon and get it off again. 

MR. LARSON: Is that right?

DR. SINGER: It’s because the moon’s gravitational field is quite large. See, anytime you land on a planet, you have to break, and any time you take off from a planet, you have to use propulsion. So it’s a lot easier from a propulsion point of view to go to Mars, even though it takes longer than it is to go to the moon. 
MR. LARSON: That’s a fascinating concept. I had no idea.

DR. SINGER: In addition to this, in addition to all these scientific payoffs and ease of operations, you have the possibilities of also economic payoffs from Phobos and Deimos. We believe they are made up of concrete material which contains the right raw materials to allow you to manufacture propellants. If that should prove true, if you can do that, that means you can have rocket propellant factories on Phobos and Deimos which can supply most of your needs for various solar system operations, certainly for Martian operations. 

MR. LARSON: Oh yes. So for the future then, once you get the space station then things like this become possible.

DR. SINGER: Become very possible, yes. I think that the biggest scientific payoff in this is twofold. One that I am much closer to, is studying the past climate of Mars from the record of Martian sediments. We know that there are sediments and comparing it with the past climate on Earth and sort out what climate changes are due to internal causes and which climate changes are due to external causes, such as say, changes in solar radiation. I think it’s absolutely vital because we need to understand the climate of the Earth better and we only have one Earth unfortunately. If we had a number of them, we could compare them and even do experiments. On Mars we could do experiments without hurting anybody.

MR. LARSON: Oh yes.

DR. SINGER: There are certain types of experiments which we could never attempt on the Earth because they might lead to permanent damage, but on Mars we might be able to do controlled experiments releasing say, radiated gases which could change the climate on Mars, semi-permanently, or permanently for instance. People have even suggested that we terra-form Mars and change its climate to be like that of the Earth, or change its atmosphere to be more Earth-like so we could actually live on Mars.

MR. LARSON: Oh yes.

DR. SINGER: Well, I don’t think that’s going to happen this century.

MR. LARSON: No, but as far as space is concerned, you’re looking at the next one hundred years.

DR. SINGER: Right. For example we could arrange for a comet to impact on Mars and contribute is gases and water vapor, ices to Mars and change the climate in that way.

MR. LARSON: That’s right. Get a little chlorophyll up there, and so forth, start generating some oxygen.

DR. SINGER: Absolutely. 

MR. LARSON: You’d have it made.

DR. SINGER: We could develop new life forms on Mars. Anyways there are many things that could be done. Obviously once we have Mars, we have a laboratory that would allow us scientific experiments on a scale that we’ve never considered before and that we could never consider doing on Earth.

MR. LARSON: Oh yes.

DR. SINGER: Because we can’t mess up our planet. I suppose we would have to file an environmental impact statement if we want to do something to Mars, but I suppose that if the benefits outweigh the costs, we might get away with it. 
MR. LARSON: Yes.

DR. SINGER: I think another real payoff on Mars is to look for life. It’s become fashionable to say that there is no life on Mars and that may be true, although you can’t be sure. The Viking experiment only landed in a couple of places and that’s not enough. In fact, they didn’t even land in the place where life is most likely. But I think that the idea that fossil life is there, that is, that life once did exist on Mars. That idea I think is very valuable and I would say that almost certain because the initial conditions of Mars were very Earth-like and if life develops in a natural sort of way, if the environmental conditions are right, then it should have developed on Mars. It may not have lasted, but it should have developed. It would be very important to find evidence for it, to see whether it developed in the same way or a similar way that it did on Earth, or if it developed differently. 

MR. LARSON: Yes. Well, that’s a fascinating, big question there. It’s very interesting to hear you say with the development of the space station it now becomes in the realm of possibility.

DR. SINGER: Yes. Once you’ve checked out astronauts for, let’s say, two years, on a space station, developed a life support system, there is no reason why you can’t send them out into space, or off to another planet where they essentially will have the same environmental conditions.

MR. LARSON: Well, this has certainly been a very fascinating range of subjects that you have covered here today. Are there any other ones that we may have missed in our discussion?

DR. SINGER: Probably.

MR. LARSON: Probably, but we may not be able to resolve all of these.

DR. SINGER: Let’s just hope that we talked about something that was more interesting. 

MR. LARSON: This has been a very fascinating exposition of your many experiences and the breadth and depth of so many different subjects has made a very interesting discussion. I want to thank you very much.

DR. SINGER: Well, thank you. I’m pleased to have had this opportunity. 

[End of Interview]
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