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DR. TOWNES:  All right. Going over a little summary of my family history because at least the ones from early childhood experiences are of some importance to the general nature of what you do later and what your ideas and interests are. I was brought up on a small farm in South Carolina, the Piedmont region of South Carolina. My father was a lawyer, but as was typical of Southerners, they all like farms, and my father enjoyed living on a farm. We had a ton of farmers who did most of the work, but I did some of the work too, and enjoyed that. I had three sisters and two brothers. I was the fourth in this family and profited somewhat because I was, for some time, the youngest. I learned a lot from my older brothers and sisters, and two others came a long a little later. My father, Henry Townes was born also in that locality, Greenville, South Carolina, and he was brought up on a farm. His father was a lawyer and also an editor and was interested in electrical things. In fact, I think my father would have in other circumstances become a scientist. He was very interested in science and I don’t regard the law and science really as all that different. I think the type of reasoning involved is frequently rather similar.
MR. LARSON:  I think that’s a very good point you have raised there. I’m glad you’ve brought that up. 

DR. TOWNES:  While my father joined the law, he went naturally into that field, it was the thing to do at that time. He put himself through school because in the South, Southerners were very poor during that period when he was brought up and there weren’t many opportunities in science. When I came along there were somewhat more opportunities and my family, both my father and mother, encouraged us in thinking about natural history. I was interested in all kinds of natural history. My brother and I did a lot of field work. We tramped over the fields and my father would take us out to some other farms he had in the outskirts on a Sunday afternoon and we would find turtles and lizards and always identify them and I’d say my parents were quite interested in them. As is typical of most Southerners also we had a long family tradition as Southerners interested in families and my ancestors all came over to the United States prior to the Revolutionary War. Some are from New England and in fact I was descended from Governor Bradford of the Plymouth Colony, but the New Englanders and the Southerners intermarried and knew each other and intermixed only before the Civil War.
MR. LARSON:  Oh yes.

DR. TOWNES:  The Civil War came along and there was no longer any mixture. From then on my family was then only completely Southern.

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

DR. TOWNES:  But before that there was an intermixture and I descended from a long line of congregational ministers and educators in New England, as well as people who settled in the South. Another one of my ancestors was an editor of the local newspaper in Charleston who was an abolitionist and once the Civil War came to a close he lost his paper.

MR. LARSON:  Oh yes.

DR. TOWNES:  But until that time, he was listened to and was fairly popular. My parents both went to college in local Baptist colleges, Furman University in Greenville and the Greenville Women’s College, where my mother went and one of my half uncles had been president there. It was sort of a local scene where we knew everybody and my family lived there for many years. Many of the people who went to those colleges I knew or my family knew and so on. On one hand, I think it was a very healthy environment because it was a very friendly community. On the other hand, it was of course very limited from the point of view of international connections and scientific connections. In fact, the science that I could learn at Furman University was not modern research science.  

MR. LARSON:  Oh yes.

DR. TOWNES:  My first contact with real modern science came about through reading the Bell Systems Technical Journal in the local library. Bell Systems provided a technical journal free to the local library and I remember very well reading Karl Darrow’s wonderful summary of nuclear physics back in the ‘30’s.

MR. LARSON:  Yes. I still have some of these original copies of the Bell Systems Technical Journals. Those are known for their excellence and readability. 

DR. TOWNES:  Yes. I think at that time, their free distribution to libraries, community libraries was an important thing. Karl Darrow’s summary articles were well done. That was my first contact with what you might say was really modern physics. 

MR. LARSON:  Let’s see. What year was that when you were in Furman?

DR. TOWNES:  I studied at Furman from ’35, no sorry, ’31 to ’35.

MR. LARSON:  Oh yes.

DR. TOWNES:  ’31 to ’35. Nuclear physics was just being born during that period...

MR. LARSON:  That’s right.

DR. TOWNES:  …as you know. Now, I had very good teachers. They were people of great character and intelligence, but they simply were not acquainted with modern research science. Some of them had Ph.D. degrees, but they did very little research. There was some research in biology and I enjoyed biology. I did a lot of field work, collected for the museum and got a little pay for that during the summers. I went to biological summer camps. Probably would have gone into biology, except that my older brother was a biologist and he was so good, I think I shied off from competing with him.

MR. LARSON:  That’s an interesting point there.  

DR. TOWNES:  I learned a lot from my older brother. We were rivals in a certain sense, but we did a lot of things together and that was very helpful to me, challenging and interesting. I liked physics because I liked mathematics in part, but I felt that mathematics was not so closely connected with the real world. It was interesting intellectually, but I liked something that was more closely connected with the real world and I had some physics hobbies. I think about electronics, but most of my hobbies were in natural history actually, collecting things, biology, geology, to some extent astronomy.
MR. LARSON:  I think it might be of interest to you that several of the people whom I have interviewed mentioned that they were primarily interested in mathematics back in the late 20’s and ‘30’s but felt that they had to go into either chemistry or a chemical engineering in order to earn a living so to speak, then later turned into physics. Wigner is perhaps an example of one. 

DR. TOWNES:  Yes. Yeah, right. That seemed to be very common among the Hungarians, in Hungarian schools.

MR. LARSON:  Oh yes. 

DR. TOWNES:  Chemical engineering was a way to make a living in Hungary at the time.

MR. LARSON:  Yes. 

DR. TOWNES:  Well, I didn’t really expect to make very much of a living in this field. As you know, physics was not well known at that time and when I first decided I wanted to major in physics, many of my friends said, “Well, what is that? What is physics?” I had to explain that it was a little bit like chemistry. They do chemistry. It’s a little like electrical engineering. They do a little bit of electrical engineering. They didn’t know physics. There were very few jobs in the field. I hoped to teach school, somewhere teaching and possibly get a job somewhere where I could possibly teach and do research. That was my goal, but it wasn’t at all clear in those times that there would be any such jobs. It was the Depression and I liked physics. That was the way many scientists went into science at the time. They did it because they liked it and the prospect of jobs was slim anyhow and people felt they couldn’t take any chances. At Furman University, to major in physics, I had to take my last and fourth course in physics by myself because there were no other students to take it, there were four courses in physics to get a major, no other students at that time and professors normally didn’t teach that many courses. So they simply gave me a book to read which was [inaudible] Modern Physics, which was a very fine book and I enjoyed it. I reported every once in a while what I was doing. I worked problems [inaudible]. That was my last course in physics. So when I went to graduate school, of course, I had a lot to learn. I knew that. I went to Duke University first, for a year, and I still had a lot to learn. I was taking undergraduate courses at Duke, partly courses that undergraduates took.
MR. LARSON:  What year did you go to Duke?

DR. TOWNES:  I went to Duke in 1936. 

MR. LARSON:  Oh yes.

DR. TOWNES:  Well, actually the fall of ’35. It was ’35, ’36. I finished Furman in ’35. I actually had finished my physics major in three years at Furman, but I was young anyhow. I had skipped a grade in grade school and some schools at that time had 11 grades instead of 12 which most other schools had. So I was basically two years ahead of my normal class when I entered Furman [inaudible] rest of the country at least and I had gotten my major in three years at Furman, my parents felt I was little young to be leaving and going off to graduate school. I didn’t disagree with them and I was happy there. I was not eager to break away particularly. So I stayed another year and took a degree also in modern language because I liked modern languages. I like languages in general. I’d taken a fair amount of Latin and some Greek. So I took two bachelor’s degrees, one in physics and one in modern languages. The first degree was actually the modern languages. 
MR. LARSON:  I’m very interested to hear you mention Latin and Greek because I always felt that my Latin helped me a great deal, but I found today it has almost vanished form the school system. 

DR. TOWNES:  Yes. It’s coming back a little now I think. Well, I enjoyed Latin. I think it is useful that one could argue whether it’s best to spend the time on that rather than something else, but it certainly is of considerable value. I went to Duke because they offered me a teaching assistantship. Those were hard to get in those days. I applied to wide variety of other places and didn’t get any offers from the bigger schools, but Duke was a good school so I stayed there a year. However, after that year I thought I really wanted to go to the very best place I could and again applied everywhere, to four or five of the best schools of physics at the time, but I was not offered any financial assistance and so I saved up a little money. I worked hard the following summer. I collectively gathered about $500 and set off for Cal Tech. Cal Tech would accept me as a graduate student, but they had no financial aid for me. So I went to Cal Tech at that point. To get into Cal Tech I was taking many undergraduate courses still at Cal Tech that undergraduates took, but they were good courses and stiff and I learned a great deal from them. After one semester there I got a teaching assistantship. So from then on, my $500 dollars lasted past that time even. From then on, I was adequately supported financially. At Cal Tech, I think it was very fortunate that I went to Cal Tech because Cal Tech was probably distinctly the best place at that time for physics. They had a collection of people and a spirit which was really quite exceptional. Cal Tech has been an outstanding place for a long time, but I think at that period it was perhaps at its peak in terms of its relative standing throughout the country. 
MR. LARSON:  Yes, at that particular time, Cal Tech had outstanding people in both physics and chemistry.

DR. TOWNES:  Yes. Yes, and in biology too. 

MR. LARSON:  Biology, too. 

DR. TOWNES:  [Inaudible] and was there at the time. Robert Oppenheimer came down in the spring quarter and brought many of his students from Berkeley and I enjoyed meeting them and him. We used to do a lot of hiking with his students along with other students from Cal Tech. I debated going into theoretical physics as opposed to experimental physics, but I liked laboratory work and at the time, my eyes were giving me a little trouble. I guess I was doing a little too much night studying and I decided I better mix theoretical work with laboratory work. So, I did an experimental thesis on the [Henry] Smyth. This was the Smyth who wrote a book on electricity and magnetism.

MR. LARSON:  Oh yes.

DR. TOWNES:  I learned an enormous amount from that book. He sort of used me to try out his problems. He was just writing the book at the time and I went through all the problems and checked them over for him with the text. I learned a great deal from that. I think if one knows one field of physics very, very well, you find that it applies over a very broad spectrum, a surprisingly broad spectrum. Electricity and magnetism after all involves wave equations and solutions and all kinds of things. Static and dynamic electricity combined to cover so much of physics that I always found that enormously helpful. Much of the techniques apply to quantum mechanics and of course in gravitational theory and mechanics and so on. 

MR. LARSON:  Oh yes. Of course, the overlap of electricity and magnetism into optics is obvious.

DR. TOWNES:  That’s right and this is part of my interests in microwaves and in optics. I also enjoyed very much quantum mechanics courses. Of course Houston taught quantum mechanics then and I thought it was a splendid course. Oppenheimer’s rather more advanced lectures I found quite interesting. Cal Tech was a rather rewarding and enriching place. I was there only three years. I had of course one year of graduate work at Duke and with three years at Cal Tech, I felt, well, that was my goal, to try to finish up in three years. While I could support myself there, it was pretty skimpy living. I was skipping, by my last year there, I was skipping one meal a day in order to save money. So, I was very eager to get through and did get through in three years at Cal tech which was 1939.
MR. LARSON:  I was very interested to hear you say that because I had an identical experience. When I tell this to people that I would eat only two meals a day, they still don’t believe me, so to speak, but it worked out all right.
DR. TOWNES:  Sure. I never felt it was an enormous hardship. Everybody was doing it.

MR. LARSON:  Surely.

DR. TOWNES:  Everybody was doing it and it didn’t seem like all that much of an imposition. I think today it would seem like an imposition for a student to have to do that. 

MR. LARSON:  In fact, I think if all of us were to go on two meals a day, we might be better off.

DR. TOWNES:  We might be a little healthier, although young active students need more than we do. 

MR. LARSON:  After observing how young active students eat, I don’t think it would apply.

DR. TOWNES:  Now, let’s see. Perhaps I should also comment on a few other items in my early history. My parents were quite religiously oriented, as I am myself and they were also very insistent on doing what they felt was right in their judgment and might have been considered somewhat A-social for that reason. They were not interested in society per say. They were interested in people, but they insisted on doing the things that they felt were right. Hence, I always felt it was a duty and an honor to do something that you felt was right, even if other people didn’t agree with you. I think that viewpoint is also important in science. You have to be able to stick up for what you think is right. My parents never did it in an objectionable way. They were not the kind to demonstrate in the streets, or make a big point to anybody else, but just quietly go about doing the things that they felt were the reasonable and right things to do.

MR. LARSON:  Yes, that’s a very interesting point there. One of the men I’m going to interview, his father was a Congregational minister and his two grandfathers were, his grandfathers on both sides were congregational ministers. So he had a very fundamentalist background in religion.

DR. TOWNES:  Well, I was in a fundamentalist church, a Southern Baptist Church. My parents were not fundamentalists. They simply said, “We don’t agree with the minister on this, but church is important,” and so they participated very fully in the local religious life even though they weren’t fundamentalists. There have been many times in my scientific career where some of my good colleagues didn’t agree with me when [inaudible] had to be wrong, and so on. I found it particularly useful and rewarding to do things that other people think are probably not right because as long as in fact, it turns out they are right. Of course one also makes errors.
MR. LARSON:  Yes.

DR. TOWNES:  I think that another thing that’s very important to scientists, to be able to recognize when he’s wrong, but also if he looks at the situation and thinks that he’s right then for him to stick with it is very important. If one does things that everyone else agrees with and thinks they are right, then there is not quite so much point in doing it because other people are doing that.

MR. LARSON:  Yes, and so advances aren’t made that way.

DR. TOWNES:  That’s right. Well, I think advances are made that way, but on the other hand, I think one’s individual contribution is probably greater if you don’t do the things on which other people agree. If those are right, then those are the obvious things to do and everybody’s doing it. So in that sense, I think it’s more important to do those things with which everybody doesn’t agree.

MR. LARSON:  Very good point.

[Telephone ringing]

MR. LARSON:  It’s all right. Don’t worry about it.

DR. TOWNES:  If we simply go along historically, my career, I had always expected and hoped to be in some kind of teaching position. I wanted very much to go to a university where I could do research. I didn’t know whether that would be possible, but I had some plans of getting, I was hoping to get a National Research Fellowship and go to Princeton when I graduated. A recruiter from Bell Labs came along and my professors that I knew well, most particularly Smyth and Boeing who was in astrophysics later and Houston, advised me that I really should go over and talk to the Bell Labs recruiter. So I talked with him and I wasn’t too terribly interested as I was still hoping to go to the university. It turns out they offered me a job. Jobs were very scarce then. My faculty advisors told me then that jobs are just so scarce and this is a very good job, you’d better take it. 
MR. LARSON:  Let’s see. What year was that?

DR. TOWNES:  That was in ’39.

MR. LARSON:  ’39, oh yes. Jobs were very scarce.
DR. TOWNES:  In ’39. That was in May or June when I was finishing up, you see. They said, “Well, sure. There might be a job, but you can’t count on that at all and this is a good job. You’d better take it.” I knew, of course, there had been a good deal of fine work done at Bell Laboratories, particularly [Clinton] Davisson and [Lester] Germer’s work that was going on at that time. It was a good place. I finally decided that maybe I better do that and I went to Bell Labs, which I felt was very broadening and an important experience for me because I came into contact with engineering, and different kinds of problems than I would have at the university.

MR. LARSON:  What type of problems did you start working there at Bell?

DR. TOWNES:  The Bell Laboratories did a very experimental and generous thing initially when I came there. They sent me around three months each to four different departments for a year. That was the plan and I worked with the microwave group, microwave engineering trying to invent new kinds of tubes and microwave plumbing and so on. Then I worked with the vacuum tube group, sort of electronic tubes, trials, cathodes and so on for three months. I worked with the magnetics group, magnetic materials, but an approach from a basic stand point for three months. Then I was scheduled to go somewhere else, and I’ve forgotten just where this was because I never made it. I was suddenly called into see Mervin Kelly who was then the Director of Research along with Dean Woolridge who was my boss at the time. Dean graduated from Cal Tech three years before me. I was informed by Kelly that the next day I was to start working on radar bombing systems.

MR. LARSON:  Oh yes. At that time, it was very apparent that radar was going to be so necessary.

DR. TOWNES:  World War II was facing us. We were not in it yet, but it was facing us and the United States was trying to be helpful. Bell Laboratories in particular, had collaborated with the British in trying to develop the radar and I had not been involved at all in that although I knew it was going on, but the decision of Bell Laboratories was to help out still more. I was simply assigned with Dean Woolridge to start developing the first radar bombing navigation system. Now, systems like that may well have been thought of and many of them were later developed at MIT radiation laboratory.

MR. LARSON:  Oh yes.

DR. TOWNES:  I don’t know of any other system that was started quite that soon, but it came about as a result of the work on potentiometers and analogue computers which had been started at Bell Telephone Laboratories and they had a system for guiding anti-aircraft guns using potentiometers and analogue computers too. That seemed to be promising and successful and they decided that they should try to do bombing and navigation for the same techniques.
MR. LARSON:  Oh yes.

DR. TOWNES:  So I quickly had to start learning about radar and we used radar as a sensor. We developed these analogue computers and of course used other sensors for navigations like [inaudible] and wind speed meters and so on, and put together a system which would allow an airplane then…

[Telephone ringing]

DR. TOWNES:  …bomb at night or through clouds and accurately navigate that bomb. We eventually fixed it so that the plane could navigate and dodge anti-aircraft fire rather than simply fly in a straight line which was the way bombers had been doing. They could dodge anti-aircraft fire, work through clouds at night time, and drop bombs accurately.

MR. LARSON:  That essentially added a new dimension to the usefulness of the airplane.

DR. TOWNES:  That’s quite right. So we set out on that. We developed several systems during World War II. None of them were used during World War II. I think basically they were too complicated. Simple assist bombing systems were used. The last one that I developed was put in the B-52 and used extensively after World War II. That is it was at least installed in the airplanes. I don’t know that they ever dropped a bomb with it.

MR. LARSON:  That’s interesting.

DR. TOWNES:  But from that I picked up a great deal about radar, microwaves, and engineering techniques, electronics. I really, for the first time, got thoroughly exposed to electronic techniques and those were exceedingly valuable to my subsequent work. It was during that time, too, that I began to get interested in the absorption of microwaves by molecules and it gave rise, birth to microwave spectroscopy. 
MR. LARSON:  Yes. Approximately, what frequency or wavelength were you working with?

DR. TOWNES:  We started out with what was then a rather short wavelength of 10 centimeters.

MR. LARSON:  Oh yes.

DR. TOWNES:  We built a system for 10 centimeters, but as, and we developed that whole system and had it tested, had it in the air and had it being tested within one year. Everything had to move every fast then of course and we were given [inaudible] expense was no object and we could assign, we could pick up additional engineers, people at Bell Labs to help out. So it moved very rapidly, but even with that rapidity, by the time we were finished, X-ban, three centimeters radar had been coming in, being developed and it was felt that that was so much better, got better angular definition that we ought to switch over and develop a system for that. So we did that and tested both systems. We went through long systems of tests, dropping sand bombs on various places on the Gulf of Mexico.

MR. LARSON:  Yes.
DR. TOWNES:  Flying out of Boca Raton, Florida, and mostly out of Boca Raton. By the time we finished with the three centimeter system, everybody was moving to K-ban, a one and a quarter centimeters. So we were assigned the job of now doing a K-ban. 

MR. LARSON:  Yes. Well, that is fascinating. I’ve been an amateur radio operator since I was about 11 years old and it was almost inconceivable when I heard these very short wave lengths. I thought five meters was…

DR. TOWNES:  Was pretty short.

MR. LARSON:  …a fantastic development at the time. When you start talking about five centimeters, that is just almost beyond what we ever thought of.
DR. TOWNES:  Yeah, yeah. There were of course some very famous microwave engineers and developers at Bell Telephone Laboratories, at that time, [George] Southworth, one of the great figures, and Frech [sp?], and so on. So Bell Laboratories had a good start in that field already. They had been working on it for years. Then they had great talent in electrical engineering in general and Bell Laboratories contributed a great deal and techniques were there. They were all around me. I had a fine opportunity to learn about them and apply them. The one and a quarter centimeters though, by that time… I was both becoming a little annoyed that whatever we did seemed to be not quite the right thing and we’d go on to do something different. Also, concerned about the time scale, I was afraid these things wouldn’t really turn out to be terribly useful in the war. We were building rather complex things and whether they would get there and be useful as a prime object, I wasn’t so sure of that. Then I realized, too, that one and a quarter centimeters could be absorbed by water vapor. I first got on to that as a result of a somewhat informal paper by [J.H.] Van Vleck, and he had looked at it and he was concerned about it. So I looked at it pretty hard and tried to convince my superiors at Bell Laboratories and at Washington, the British, everybody I came in contact with I tried to talk to about it that it really was very likely to be absorbed so strongly that the K-ban wouldn’t be useful. Eventually I was told by people fairly high up in Washington, “Look, the decision has been made. We’ve got to go ahead and we don’t know how good it’s going to be, but this was decided by thoughtful people some time ago and you’ll just have to go ahead.” I was a pretty young man at that time. My views wouldn’t have carried much weight anyhow, but I was pretty sure that we were in for trouble as we were. Just when the first radar became tried out, we were working on the war in the Pacific then and there was a lot of water vapor. It turned out to have a very limited range. So the whole program was canceled. 
MR. LARSON:  Oh yes. 

DR. TOWNES:  Now, it’s interesting however, that whatever you do you can learn things from it and actually that period was, the K-ban radar was exceedingly useful to me because as a result of studying the water vapor, I came to realize that there was a very important branch of spectroscopy that could be developed with interaction feeding molecules and microwaves. In particular what had not been apparently realized by most physicists, spectroscopists, was that the line width could be made very, very narrow and because the lines were pressure, broadened only in the microwave region, one could decrease the pressure. What happens, the line instead of being rather broad became narrow, but did not decrease in intensity at the peak.

MR. LARSON:  Oh yes. 

DR. TOWNES:  Now this is a very important phenomenon. So you pump out the gas pressure, lower and lower in the line, it doesn’t decrease in intensity. That’s oddly intuitive that it shouldn’t decrease in intensity. What it did was decrease in width only. It became much sharper and made the spectroscopy all the more interesting because one could measure precisely then, because the lines didn’t get weaker. That’s what the theory said and that was one of those places where many people differed with me. They just felt that couldn’t be true. The director of physics at Bell Laboratories, Ethan Astor [sp?], a theorist whom he knew and I knew, and I thought was quite good to look into this, and said it could not really be right. Because I was proposing by then to Bell Laboratories that I should be allowed to study this phenomenon and do spectroscopy when the war was over.

MR. LARSON:  Oh yes. 

DR. TOWNES:  He looked at it and I talked with him and he was a good theorist. He said, “It looks like it could be right.” 

MR. LARSON:  Yes. Well, that opened up a whole new field of spectroscopy. 

DR. TOWNES:  That’s right. It was a field and it lived on these cast of K-ban parts. We had a lot of oscillators, K-ban, which were almost free. They were sort of junk.

MR. LARSON:  Oh yes.

DR. TOWNES:  Lots of microwave plumbing and detectors, plentiful, particularly the laboratories that had been in radar. Commercial laboratories had these things and microwave spectroscopy started in commercial laboratories, partly because of that. Actually, I think there were three independent starts on microwave spectroscopy. One, Bleeny [sp?] at Oxford. Bleeny had worked on radar. The other was Bill Goode at Westinghouse, and then myself at Bell Laboratories, but Walter Hershberger at RCA started up pretty soon because he had equipment, too. That whole field started out of the wreckage of the K-ban program and largely, well, entirely in those laboratories that had been in that program and they were likely industrial laboratories, where there was a basic physics program. 
MR. LARSON:  Yes. That’s interesting because that hardware which is so hard to come by would be so time consuming was essentially available for…

DR. TOWNES:  It was available and abundant, and the techniques grew right out of the electronic and radar techniques. The physicists had become familiar with it during World War II. So it was a very fruitful period. I wanted very badly to get started in this field. Bell Laboratories wanted very badly for me to stay in more engineering work and particularly to do more for, finishing up radar bombing systems. So I did stay for six months after the war, finishing up a radar bombing system, which then, as I say, had gotten stalled in ’52, but then switched as quickly as I could and as they would allow, back into physics and doing microwave spectroscopy. I also in trying to sell this to Bell Laboratories, I wrote a memorandum which in retrospect wasn’t so far wrong about the possibility that spectral resonance of molecules or atoms of solids, might become useful as circuit elements as one moves on toward shorter wavelengths and that this would be a reason for Bell Laboratories sponsoring that field, examination of spectra in a microwave [inaudible], that as you got the shorter wavelengths these resonances became more prominent and more important. It’s harder to build man-made resonance systems as you get shorter wavelengths and hence these could be at least filters, but [inaudible] variety of other ways for electronics. I didn’t at that time foresee the possibility of an application. In fact, that memorandum I know, argued very plainly that these are the useful passive circuit elements. That molecules could generate microwaves, but they would always be rather weak because they were limited by the body [inaudible]. You couldn’t get more than you could get from a larger body. Hence there was not much hope for generating electromagnetic waves. That was just the point in which I was wrong, of course.

MR. LARSON:  Oh yes.

DR. TOWNES:  As I later discovered, but on the passive circuit elements, I think I was basically right. So microwave spectroscopy then developed very rapidly in a rich and important field, the point of view of understanding molecular structure of a nuclear structure, solid states to a certain extent, liquids. I had a post-doctoral person who came and worked with me from England who worked particularly on liquid relaxation molecules in liquids for a while. Then after about three years of that, partly because I had always been interested in going into a university and because this seemed more an academic field and industrial laboratories weren’t all that interested in it, I moved and got an offer at Columbia University. I moved to Columbia University in 1948. 
MR. LARSON:  1948 you went to Columbia.

DR. TOWNES:  January 1, 1948, was when I arrived at Columbia University. Now, let me ask, am I talking in too much detail. 

MR. LARSON:  No, this is just right because it gives us a real picture of how this field developed with you. So I think that’s very good. It’s just about the right…

DR. TOWNES:  All right. Shall we just continue for the historical…

MR. LARSON:  Very fine. 

DR. TOWNES:  You’ll ask questions as we go along.

MR. LARSON:  I’ll ask questions about these very interesting things that you did at Columbia.

DR. TOWNES:  Well, Columbia, of course, I was very eager to pursue actively microwave spectroscopy. I didn’t want to make a move that would be inefficient where I didn’t have a laboratory and would have to build all my equipment. Columbia had the advantage that it too had been in the radar program. I.I. Robbie had been a principle figure there in the radar program and had initiated the Columbia Radiation Laboratory which was basically a microwave laboratory for building magnetrons with particularly short wavelengths. So they had equipment and they had other people in the general field of microwave physics. They had Lewis Lamb and Polykarp Kusch, and Robbie himself, although Robbie was generally working in somewhat longer wavelengths. They had a laboratory and equipment and when I was invited there I decided it would be a place where I could get work started very fast. That was true and I had good students. So I was, I worked very happily there at Columbia for a number of years on developing microwave spectroscopy. Along about 1955, ’56, Art Schawlow and I completed a book on microwave spectroscopy and I felt at that time that that was for me not only kind of a closed chapter because after about 10 years of working in the field, I felt that most of the aspects of microwave spectroscopy that were of special interest to physicists were done. This book was a kind of summary of the field as it stood there and it was time for chemists and others to take over. I like to change around from one field to another occasionally anyhow and that would make a stopping point for me and I would do something a little different.
MR. LARSON:  Yes. By that time, of course, on the basis of your work, there were quite a large number of people throughout the country that were working in this field. 

DR. TOWNES:  That’s right.  It was a sizeable field and well recognized, developed. It had lots of momentum and it was clearly a great deal of additional things to do in terms of quite new aspects of things to do for physicists, I didn’t expect a great deal further to be appropriate for me to do, or be efficient for me to do. Now, other things had happened along in there, however. Microwave spectroscopy was successful partly because it represented the use of a new frequency range that hadn’t previously been available, these short microwaves. The effects became stronger as you went to shorter and shorter wavelengths. It was very important to get these shorter wavelengths and many microwave spectroscopies were pushing toward shorter wavelengths. [inaudible] Duke for example was working on using harmonics. I tried many different techniques to try to get shorter wavelengths. I tried [inaudible] radiation which worked but was not all that useful.
MR. LARSON:  What wavelength are we talking about as we get down shorter and shorter?

DR. TOWNES:  I’m talking about going below a centimeter, basically.

MR. LARSON:  Below a centimeter.

DR. TOWNES:  Hopefully on down into the millimeter…

MR. LARSON:  Oh yes.

DR. TOWNES:  …and sub-millimeter range. That was the general goal. By the end of that period, it was fairly easy to get down to half a centimeter, maybe three millimeters, but then it became pretty difficult. Obviously the field of spectroscopy became richer and better as you got to shorter wavelengths. Most things began getting stronger resonances and it was very desirable to push on down to shorter wavelengths. Shrink operation radiation was one possibility and I did a thesis on that. It sort of worked. The theory was ok, but it was awkward and difficult. Magnetron harmonics I tried and I did some work on magnetron harmonics and again, we could get down to fairly short wavelengths, but again it was rather awkward and difficult and didn’t seem to work terribly well.

MR. LARSON:  I suppose the harmonics, they were very attenuated too, as they decreased, or…

DR. TOWNES:  Well, as you got to higher harmonics, it became weaker and weaker.

MR. LARSON:  Yes.

DR. TOWNES:  Then multiplying up in crystals, nonlinear crystals, that could work some and that was probably the most fruitful work in that particular period, but I was looking hard for some way of producing shorter wavelengths. Our work at Columbia was supported jointly by three armed services, the Navy, the Air Force, and the Army. The Army through the Signal Corps. So they kept encouraging us to apply things like build better magnetrons and things of that sort. I was never interested in building magnetrons, but we tried to do something…
MR. LARSON:  Oh yes.

DR. TOWNES:  …because that was our duty. At the same time, they were really very open-minded about doing other kinds of microwave physics and things related and that was what I was doing, the spectroscopy. I did want to produce shorter waves and one of the Navy people knew that, Paul Johnson. He was interested in trying to see what could be done with shorter waves. They organized a little committee for the O and R, asked me to be the chairman, to examine what’s the most likely and best ways to get down into the millimeter region. He and I picked out the people, I picked them out mostly and he agreed and a number of physicists and electrical engineers. John Pierce was on that committee, Marvin Charteroff [sp?] from Stanford, and John Strong who was an infrared man, partly an experimentalist infrared man, and Daunt [sp?] who was a low temperature man. Let me see. I can’t think of all of them now anyhow. We had a wide selection.

MR. LARSON:  Those were the real leaders in the field. 

DR. TOWNES:  Leaders in fields around the general area to try to come to grips with what could be done. And as you say, we were looking at low temperature. We were looking at infrared. We were looking at electronics. We tried to encourage people to work in the field and we reviewed all the Navy programs and all the suggestions that came along and there were some interesting ones. I tried a few others. I remember proposing to the committee. We all brought in our ideas and I remember talking about the possibility of using…

[Telephone ringing]

DR. TOWNES:  …fair magnetic resonance as a slow wave structure and letting that interact with electrons and there by generating something. Well, that could sort of work, but it didn’t really look quite good enough and after I had been at this for a couple of years, we had met a couple of times, I was feeling a little frustrated and we had a meeting coming up in Washington. I had checked into the hotel the night before and I guess the meeting was on my mind. I woke up early. I had small children and at the time generally woke up early anyhow. I was rooming with Art Schawlow and he was still asleep. So I decided to leave him and not wake him up and I went out into the park and sat down. So thinking about how we were going to run that meeting that day and what the problems were and why was it we hadn’t made any remarkable progress, as I reviewed in my mind, why weren’t these things working and what was needed, I went over again, I had realized before but I had sort of went over again the fact that the resonators have to be very small, but to make the resonators very small and to get any energy into them meant that they got heated. The difficulty of making things very small and getting a lot of energy into them and able to generate stuff was just, that was the basic problem. We’re all thinking of getting energy from electron beams or something like this. How could you put energy in? You have to have these very small precise devices and then get a lot of energy in. I finally decided, well, as you got down to smaller wavelengths, you’re just not going to be able to make resonators go that small. You have to use some naturally recurring resonators. What are those? Well, those are molecules. There is the fair magnetic resonance in solids in molecules. There are some other resonances in solids. Those somehow have to use resonators, but you can’t get power out of those as I had shown in the Bell Laboratory memorandum. As I had commented on, you were limited by thermodynamics. You can’t get [inaudible] back by the energy. Then it suddenly occurred to me, wait a minute, that’s not right because after all you can get non-thermal populations and you can get thermal populations. If you have a higher population in the higher state than the lower state you can even amplify. You can get spontaneous omission, plus stimulated omission. You can amplify so you really aren’t limited to the power that can be obtained. So I guess I must have been sitting in the park 45 minutes and thinking about this. In those 45 minutes, I then made calculations. How many molecules do you need in order to maintain a self-sustained oscillation and how was I going to get the population? The thing that occurred to me immediately was to do it with molecular beams. There was a lot of work on molecular beams at Columbia. I was very familiar with that. So you send in a beam of molecules. You select them all to be in the upper state and send them into a cavity and they could be stimulated to radiate with radiation in the cavity and that would generate more radiation. The oscillation could maintain itself if you would get enough energy to overcome the, whatever cue the cavity had. So I calculated then how many molecules would you need. I knew approximately the intensity you could get in intensity in molecular beams and so I could immediately see that it was maybe possible, but it was marginal. It was a more intense molecular beam than almost anybody had had. Hence, it looked interesting, but this might not work. It was marginal.  
MR. LARSON:  There had been a fair amount of work on molecular beams at Columbia.

DR. TOWNES:  Columbia was the big center of beam work at that time, started by Robbie, then Kusch and that type. Many of the students that I knew were working in that field. Lewis Lamb had worked on theory, Norman Ramsey had been there and I knew Norman and his work very well. So it was a field I was thoroughly familiar with. In addition, I had previously thought about stimulated emission and the possibility of doing some experiments with it, simply to show that stimulated emission occurred and just to demonstrate it. Other people had, too, in particular, John Trischka who was a young post-doctoral man at Columbia. He had thought about it, and as I remember it, he had talked with me about it and he said, well, he decided it was too hard and that he wasn’t going to do an experiment in it, but he would try to estimate whether one could detect stimulated emission. I said I had been thinking about it too and what I didn’t personally believe, I’m not sure I told him this, I didn’t personally believe there was much point in just demonstrating it because most of the work we were doing, in a sense demonstrating, we had molecules in an upper and lower level at the same time and the fact that absorption was as small as it was, was associated with the fact that there was stimulated emission from the upper state, as well as stimulated absorption from the lower state. Those almost canceled. Canceled to precision of H [inaudible] over KT and that was maybe one part in 100, or something like that. So any radio absorption was a demonstration of stimulated emission in my mind. I felt that obviously it was there, this shows it because we know those populations and it has to be there and there is no point in just demonstrating it. This is one thing that turned me away from just a demonstration experiment. I mention that because the whole field was a fairly natural one to me. I’d thought about mostly ideas all before, just I had never put them together, to get some intense radiation. To get an oscillator they use these naturally occurring resonators and improvise was the right thing to do. I had been turned off by the thermodynamic reasoning, but I knew the field well enough that I had immediately calculated and knew all the parameters well enough to calculate and show that, yeah, it was, it might be possible. Well, we had our meeting. It was so tentative to my mind. I wanted to think about it some more. While I was generally quite ready to mention any new ideas ahead of anybody, I had brought up several new ideas already to the committee and we were talking about other things. So I didn’t mention at that time to the committee, I did talk to Art Schawlow, too, about it immediately and then I don’t know, a couple of weeks later I wrote it down in my notebook that I had better record it, an idea that I had some experience at Bell Laboratories with patents and I knew I should record it and have some one witness it, and so on. So I did that and had Art Schawlow witness it.
MR. LARSON:  What date was that approximately?

DR. TOWNES:  That was in the spring of 1951.

MR. LARSON:  Oh yes.

DR. TOWNES:  Spring of 1951. I wanted to do it, but I knew also it was chancy. So I felt I would wait until I had a new student who wants to take something new as a thesis, and is both a strong enough student and willing to take a chance to try this out. That happened by the next fall. I don’t remember the exact date, but Jim Gordon was a student who had done some undergraduate work at MIT with molecular beams. He had a little experience with molecular beams. He was a very good student and I explained the situation to him. Told him I thought he could do some spectroscopy with this at least, even if we didn’t get it to oscillate. It would be interesting. It would be a physics thesis, even if we couldn’t get it to oscillate. If we could get it to oscillate, that would be a great achievement. So he was interested in taking a chance on that and then I hired Herb Siger [sp?] who had just taken his degree with I.I. Robbie and was also in the molecular beams field. Herb, I hired on this Carbide and Carbon grant which, Carbide and Carbon had very generously given me and I had been able to hire a post-doctoral person every year to help me. So that allowed me to take on Herb Siger. So I had two people with a little experience with molecular beams interested and initially, I had another student, George Dumonest [sp?] who did some calculations on this who was just a very young student, just starting to get interested in the general field of microwaves. As a sort of exercise, I let him do some of the calculations on this experiment. It’s another interesting coincidence which I think is worth mentioning. Shortly before this idea occurred to me, I had run into a German physicist named Paul, Wolfgang Paul from Bonn and he had come over. He had just completed some experiments with producing very intense molecular beams with a quadruple focuser. That was a new way of doing molecular beams. It had not been done at Columbia. Generally they have a dipole field, two plates with a field that pulls the beam this way, let’s say, for one state and maybe not quite such inflection to another state, and that separated the molecule. What Paul did was have a quadruple focuser which was then deflected into two dimensions.
MR. LARSON:  Oh yes.

DR. TOWNES:  That allowed him to deflect the molecules and essentially to focus them, focus one state and un-focus another state.

MR. LARSON:  So you were able to concentrate that one state. 

DR. TOWNES:  That’s right. Obviously that increased intensity and I knew about that as I was sitting on the park bench and I knew about roughly what intensity he thought he was getting. That, too, was important in stimulating me to think it was possible. Otherwise with intensities that were normally achieved in molecular beams, it wouldn’t have come close. But with his technique, it was immediately evident to me that one could at least come very close and likely it would work, but it wasn’t clear. So we started out on that technique. Now my original idea was to try to get to very short wavelengths, and hence, I said, well, the right step to take would be to get below a millimeter, try to get below a millimeter. I chose ammonia as the molecule and the first rotational state of ammonia is down to about a half of a millimeter. This was the way that I wrote it up in my original write up. We, in our initial calculations of this. however, I decided pretty soon, that obviously the way to go to try to get short wavelengths but on the other hand, it was a hard enough experiment, that we would do better to step back to a region where we had all the techniques already and we had wave guides and oscillators already mainly around one centimeter, to use ammonia inversion around one centimeter. That’s why the first maser was built to one centimeter and not half a millimeter because, as I say, I didn’t want to be too hard on the students for doing an impossible job, and that was the right stepping stone. It seemed to be the start, start with wavelengths that we knew and then hope to move on to the shorter wavelengths. This is why the one and a quarter centimeters was the first one. Now I would have to say, however, that after it worked, there were so many interesting things to do with it that for a long time I didn’t get around to pushing very hard to making the shorter wavelengths.
MR. LARSON:  Oh yes. So immediately you had the centimeter one going. There was so much to do with it…

DR. TOWNES:  There was so much to do that I was deflected for a long time. It didn’t give much power. I knew it wouldn’t give much power. It gave 10 to the minus eight watts at the best. But 10 to the minus eight watts is a lot of power for spectroscopy.

MR. LARSON:  That’s tremendous for spectroscopy.

DR. TOWNES:  That’s quite adequate for spectroscopy. It is not a high powered source obviously, but it was quite adequate for spectroscopy, provided a very high accuracy clock and we recognized, also fairly early in the game, that it would provide an almost ideal amplifier. 

MR. LARSON:  Yes. Incidentally, it was essentially almost monochromatic…

DR. TOWNES:  Yeah. Very narrow… 

MR. LARSON:  Very narrow bands.
DR. TOWNES:  Very narrow bands, particularly a narrow band because of the molecular beam going through this cavity so that the radiation diffracted a fairly long path length of molecules. It was a fairly narrow band, but we recognize that in principle it was an exceptionally noise-free amplifier and we worked out some of the theory of that. It was the most perfect amplifier that one could get. So the amplification and the clock business, plus spectroscopy with it, was quite interesting and deflected me for a while. Also, right at that period, I was going on sabbatical. I had, this was going to be my fist sabbatical leave, 1955, ’56. I was just finishing up a book and decided that this was a turning point. I was going to figure out what I was going to do for the next decade or so. I went on sabbatical. We spent 15 months away actually, two summers and nine months of the academic year. We went to Europe and then on to Japan. I taught in Paris and in Tokyo and did a certain amount of traveling around. I simply said I’m not going to decide what I’m going to do. I’m going to explore certain varieties of things and figure out by the end of my sabbatical now what do I do next. When I got to Paris, I found that one of my former students there was working in the same laboratory that I was going to work. He had just proven that the relaxation time for spins in semi-conductors could be very long. He had a spin resonance which was both sharp and a very long relaxation time. If one could get an electron in an excited state of the spin and stay there for a long time, obviously you can invert the population and then have an amplifier. You can then think of exciting it over here and sticking your material in the amplifier and letting it amplify, you see. I realized immediately then that, well, that’s the right kind of thing that we should look for from an amplifier because it’s tunable. In the magnetic field you can change the frequency with a much wider band than ammonia and tunable. So something like that ought to make an amplifier. I worked on that fairly intensely for three months until I had to leave Paris. Prior to that, I had played around with various ideas in measuring relativistic affects in radio astronomy. I had always been somewhat interested in astronomy and I had done various things, thought about various things that might be done in radio astronomy. During that period, I gave a talk at the International Astronomical Union. I was invited to come give a talk about what microwave resonances might be looked for in astronomy. I gave a talk there about first molecular resonances which might be found. So I worked in that field. It was only after I came to Berkeley in 1967 that I started working on that actually. At the time, I didn’t know whether I would do something like that, or something else in astronomy. I got interested in this amplifier possibility. At that point, I was suppose to leave for Tokyo. So I went to Tokyo and taught there. I was trying to work out just exactly what, how much noise there would be in a quantum amplifier of this type and whether it would be possible to detect quantum fluctuation this way. I also did some other things in Tokyo but I got caught up in that and talked with some of my Japanese colleagues, Shimota and Takahashi. Takahashi was more of an applied mathematician and he was very helpful in working out a technique for handling the equations in the fluctuation because of his skill with applied mathematics. Amusingly, I first got on the right way of handling the noise as I saw it, the noise in a major amplifier, by talking to a biologist friend. 
MR. LARSON:  That’s interesting. How could a biologist contribute to this?

DR. TOWNES:  Well, I sometimes told my biologist friend about this and was rather pleased that biological theory could contribute back to theory of physics. There had been a theory worked out by Colson [sp?] for population growth and population fluctuation. If you had a bacterium, let’s say, a certain probability that the bacterium would divide and multiply and certain probability that it would be killed off. Then the question is: what is the fluctuation in population? He had worked this out and you can see the analogy now between, you have two states of certain probability of the generation of a photon and the certain probability of absorption of a photon and then you ask: what is the fluctuation of a photon? That is basically his problem. So I used some of Colson’s theory in these. Takahashi was very helpful in getting equations really solved in a sophisticated way and so we jointly wrote a paper on noise fluctuation in maser amplifiers and covering, you know, the basic situation, and I was, by the time I got back in the United States, I was fairly well wrapped up in finishing that up. I had pretty well decided that really I ought to work on masers. That was probably the most fruitful thing. It was not microwave spectroscopy per say, but masers in general that I ought to do. 
MR. LARSON:  I was wondering if perhaps you might just take a moment and describe how you arrived at the term maser. I guess it might be fairly obvious to you, but to some it might not.

DR. TOWNES:  Well, the maser, I tried all kinds of descriptions. I realize, well, this is a brand new kind of device and it ought to have a new kind of name. What should we call it? My first instinct was to derive some Latin or Greek word that would describe it. I thought, well, how do you say stimulated emission and how do you say amplify, and so on in Latin and Greek. I had a Greek student who helped me out with Greek and I was fairly familiar with Latin. I just couldn’t find any word of any reasonable length that would be…

MR. LARSON:  Oh yes. 

DR. TOWNES:  So, I was at lunch, I remember very well, I was at lunch with my students one day and, gosh, I should really switch over to some acronym, just initials or something. 

MR. LARSON:  Yes. 

DR. TOWNES:  I couldn’t find any words and it occurred to me that this microwave amplification by stimulation of eradiation, and so let’s call it maser.

MR. LARSON:  Well, it’s short and it rolls of the tongue very easily. It turned out to be, it’s descriptive of the…

DR. TOWNES:  Yeah, I think it turned out to be a reasonable choice, although one of my friends, Ed McMillan said, “You know, Charlie, I don’t like that name maser because maser with an E-R, that means that it does something it has to mase. There is no word “mase”. So it’s not an appropriate term.” Well etymologically I think he has an argument, but the word then, I remember one of my students I was reminded by one of them recently. He said recently how the word laser first came up. Everybody began joking that this was microwave amplification, but there was all kinds of other applications. There is infrared, and that would be eraser and light that would be laser. There are x-rays and so on. You’re going to have all kinds of words start like that.
MR. LARSON:  Oh yes.  Your mention of Ed McMillan who is so renown in accelerator field, and I’ve heard criticism of the word cyclotron which they say is a very bad word to describe that from the purist stand point. 

DR. TOWNES:  The English language is by no means pure, but it’s practical. 

MR. LARSON:  Yes, well, the maser and laser were very good words.

DR. TOWNES:  There are many aspects of this field which I think are interesting from a historical point of view and a point of view of ideas. I often look back at the maser and laser and think, well, why in the world didn’t someone invent this long ago? There was no component to the scheme that was really new. Resonators were known. Feedback was known. Stimulated emission was known and spectroscopy was well-known and as you look back you can find papers on all of these things. I think one of the most interesting early papers was a 1924 paper by [Richard] Tolman who talked very clearly about the interaction of radiation in two different states and he talked about negative absorption. He said, “Well, if you have more things in the upper state, you get negative absorption.” It was always a theoretical paper. It was very clear and well understood, even at that time. Now, it was not in everybody’s mind and even some physicists didn’t understand it. Electrical engineers generally didn’t know much about it. Many of my electrical engineering friends were surprised that molecules could give up radiation coherently, for example. They just hadn’t run into that.
MR. LARSON:  Oh yes. 

DR. TOWNES:  Nevertheless, it was not unknown in the physics world and many people had considered it and done theoretical work on it. So it was nothing new. It was just putting it all together to do this, do this particular thing of generate or amplify radiation in a useful way. The many cases where the possibility of stimulated emission that I mentioned, even cases where it’s mentioned that this might produce amplification over a number of years, many independent sources, the one thing that I never found anywhere else was the idea of using feedback with it. The feedback to produce oscillation to enhance the effect was simply not realized I think largely because stimulated emission was sorted out by physicists and physicists were not that acquainted with oscillators in the early days and the feedback was more of an electrical engineering idea and well known to electrical engineers, but not so common in the thinking of physicists. The other thing that many people didn’t realize was the coherence. The coherence was known theoretically by physicists and worked out by, in a number of cases, but most physicists, while they knew about stimulated emission, didn’t realize that it was coherent and that’s another thing that was missed in the early days. Another thing that I had many arguments about was the coherence in an oscillator because somehow many physicists were stuck on the idea that you could not measure the frequency or the energy of a molecule more accurately than the uncertainty principle [inaudible]. With that said, if a molecule took a certain length of time to go through this cavity that we had then you only have a certain length of time to measure it, and hence, the frequency can’t be determined better than one over delta T where delta T was the time. That’s fundamental. That’s the uncertainty principle. I had many arguments about that with some very distinguished physicists.
[Telephone ringing]

DR. TOWNES:  One of them insisted on betting me a bottle of scotch that it wouldn’t, it couldn’t do that. What they were neglecting was the fact that it was a collective thing. That you were measuring not the energy of a single molecule, but you were looking at the energy of lots of molecules and averaging it and that could be as well defined as you pleased. Now again to an electrical engineer, it probably was more obvious because if you take the feedback oscillator even with a fairly broad resonance circuit you get a pure clean frequency generally. Even though the circuit is broad, when you put in feedback it oscillates right on the peak and so you’re measuring, in a sense, you’re measuring the center frequency of that resonator very, very accurately. It’s basically the same thing with molecules. They never worried about the fact that the electrons spin only a short length of time in a triode amplifier or a thing like that. They knew the oscillators were pure. 

MR. LARSON:  Oh yes. So that you gave you these very narrow bands that are so important.

DR. TOWNES:  That’s right. To an electrical engineer, that was fairly natural, but to a physicist that wasn’t natural. I had many arguments with good physicists. I remember talking with Niels Bohr who immediately asked that question and I think I convinced him and he was at least kind enough to say that he thought I was right, and with [John] Von Neumann, who was, of course, a brilliant physicist. Von Neumann at first didn’t believe anything could be that narrow. Even after we had done the experiment, he thought there was something fishy there. I happened to see him at a party, a social event and he came back about 15 minutes later and he said, “I understand now. It’s right. It can happen.”
MR. LARSON:  That’s a very interesting story. Von Neumann has such a wonderful mind…

DR. TOWNES:  That’s right.

MR. LARSON:  …for comprehending things.

DR. TOWNES:  The fact that it took him that long to understand, I was impressed, you see. Now, on the other hand, I suppose to some physicists, I suppose to Robbie, Lamb, and so on, who were accustomed to dealing with molecular beams and with interaction with radiation, it was much more natural. I’m sure they understood it immediately with no problem there, but those were some of the ideas that were missed. I think the final idea with respect to the laser, the laser oscillated frequency was so far removed from any place that we had any oscillations before that most people just weren’t thinking in those directions, but in addition, the critical thing there I think was to find a way of getting, of isolating a few resonances in a multi-mode system. That’s where the open [inaudible] was very critical and allowed the laser to work well. But among the other aspects of the laser I will perhaps talk about later. Now, as I look at my watch, I see I’m using up, I’ve used about an hour and a half now.

MR. LARSON:  Yes.

[Telephone ringing]

DR. TOWNES:  I would, I think the question is whether I should try to finish up rapid, whether you want to go along at this speed and then have another session another time to carry on through. What’s your feeling? Maybe I’m just being too wordy. 

MR. LARSON:  No, this is perfect, and we have about a little over half an hour left on the tape I would say. 

DR. TOWNES:  Well…

MR. LARSON:  Would a half hour be adequate?

DR. TOWNES:  I can finish up the story of the laser maybe as well as I can in a half hour time.

MR. LARSON:  All right, fine. Let’s do that then. If there is something more, we can do it another time.
DR. TOWNES:  Okay, I think we ought to be able to finish up the laser in about that time. Well, now, I was very occupied exploiting the maser for some time. I wanted to build an amplifier to do radio astronomy. You see, I had linked these two things that I was somewhat interested in, the maser and radio astronomy, and so Joe Jodemane [sp?] and Elsop [sp?] and I, Jodemane and Elsop were two graduate students, set out to build a good amplifier for radio astronomy when I returned to Columbia from my sabbatical. We first started on a rather complex material with a resonance in it, but then switched over to ruby after we discovered that ruby had very good resonances. Now, by then amplifiers were being very hotly pursued by a number of groups. While we had started the work of the uses of spin resonances paired with magnetic material in Paris, and we published a short paper about it, we were not able to make the system amplify very much, if at all. There was not mid-amplification probably over the losses of input and output and so on. I only had three months there. I had come back to the United States during that period, later talking to Bell Laboratories people and told them this idea of using solid states, saying I’ll have three months there, I can try it. I don’t know that we’ll get through and demonstrate it. Maybe you would like to pick it up and do it and just confidentially we can talk about it. If you keep it confidential until we have this, give it a try and publish it, I’ll send you results and if you’re interested in picking it up, and of course they were interested in it. And we talked about it fully together. In the meantime, somewhere along in there Stranburg [sp?] at MIT had the idea of using electron spins, in something he called the versitron. He gave a talk at MIT about it and Leco Bloombergen [sp?] went to hear that talk. Bloombergen after that recognized, well, as a better way of doing it with three levels unequally space in paramagnetic, he was very familiar with paramagnetic power, paramagnetic material. That was a part of his field, you see. 
MR. LARSON:  Oh yes.

DR. TOWNES:  So he realized how to do it, really what was the need, in a much neater way. He, also, somewhere along in there, had a copy of our paper of the work we had done in Paris. We had given some talks on it and published it. But I think he first realized the importance of paramagnetic materials from hearing the talk from Stranburg and Stranburg’s idea was later than ours, but communicated to Bloombergen earlier. So Bloombergen got onto the idea. He told some Bell Laboratories friend, I think it was Scolville [sp?], he said, “Well, I think I know a much better way of doing it. I’m going to try to do it. It looks much better than what’s been suggested before.” Scolville, I think, just overnight thought about it and said, “Just what can Leco be thinking of that could be so good?” I said, “He must be wanting to use a three level system.” Sure enough he reinvented it, but he was decent enough to recognize that Bloombergen had invented it first. So they got together and Scolville in the Bell Laboratories built the first amplifier then on that principle.

MR. LARSON:  That’s an interesting story, a fascinating story of the development.

DR. TOWNES:  Well, this interaction among scientists is a very important part of the scientific phenomenon and scientific growth, sharing of ideas, building on other people’s ideas, and so on. So that had been the first demonstration, George Farer [sp?], Scolville, and I think one or two other people were in on that first paper from Bell Laboratories. So there had been amplifiers, but we wanted to build something that was practical for astronomy and my students and I then eventually swung over to using ruby and we built a system. I collaborated with people down at the Naval Research Laboratory. That was one of the foremost groups in radio astronomy at the time. We put the system on their antenna. Cornell Mayor in particular, who worked with us, and we demonstrated that we got, oh, at least an order of magnitude of improvement in signal noise on radio astronomical sources. We were able to measure the difference in temperature between the front and the back side of planet Venus and measured the temperature itself which was something of a puzzle at that time. It seemed to be too hot. We did some astronomy and that was going along well. I was continuing to develop the field. I think that was the first amplifier system to be used in astronomy in anything useful. But along about in there I got caught up in other things including the laser. Now, I think one has to realize that most people recognize that the maser technique might be pushed to shorter wavelengths. Of course that had been my original idea, and I wasn’t hesitant to talk about it. This I thought was a way of getting the shorter wavelengths. 
MR. LARSON:  Yes. Incidentally, for reference again, what were the wavelengths that you were working on?

DR. TOWNES:  We were working on, the initial ammonia was one and a quarter centimeters.

MR. LARSON:  Yes.

DR. TOWNES:  The amplifier that we built was for three centimeters.
MR. LARSON:  For three, yes.

DR. TOWNES:  Well, one to three. I’ve forgotten really, but it’s in that general range. So we were working in the short microwave region, but not super short.

MR. LARSON:  Yes.

DR. TOWNES:  Because that was the easiest region from which to work and this was all, some of the first work and it’s a natural place to start, but I had set aside pushing on down to the shorter wavelengths. Now, of course this original proposal of mine will work to get a half a millimeter, but it didn’t seem to me worth a lot of work to do it because it would simply be a demonstration and we had other oscillators. It wasn’t tunable. I would like to get a tunable system and maybe the paramagnetic resonances we could push on down with high enough magnetic fields, maybe that would work. I thought that would be something we could do sometime. Basically I stayed for two reasons. One, I was caught up in other things, using laser as it was, and secondly, I didn’t feel that I had really quite the best idea yet. I wanted to wait and see if I couldn’t have an idea that really looked more attractive throughout a more brute force thing, just extending what we do a bit more down into short wavelengths and try to see if a more attractive idea would come up. Now, just to illustrate some of the people who were thinking in this direction. It was not a known thing, unrealized thing. Bill [inaudible], who was in the Air Force Science Research and Development group and his organization had helped pay for some of the [inaudible] radiation laboratory work. They were participants. He came around to me at one point and said, “Well, you really ought to push this down into infrared and we would like to sponsor that. Would you be interested in doing something?” I said, “Well, yes, I would be interested, but I’m just waiting for what I consider to be the best way to do it, the right idea.” I said, “I don’t think I want to do anything now.” He said, “Would you be willing to write a paper about it to encourage other people?” 
MR. LARSON:  Oh yes.

DR. TOWNES:  I said, “Well, I’m pretty busy right now. I just don’t think I have any great ideas that I want to put down on paper at the moment, but obviously one could talk about it and show some ways of doing it. But I just don’t feel like doing that.” He said, “Well, is there anybody else?” I suggested Ollie Givan [sp?]. Olli Givan was one of my then young post-doctoral men and very capable obviously. Bill approached Ollie. Well, Ollie felt, he didn’t think he wanted to do that. He was busy with something else too.
MR. LARSON:  Right. 

DR. TOWNES:  Well, Bill went away a little disappointed and I don’t think he ever found anyone to write a paper on it. 

MR. LARSON:  Of course, when the maser was invented, there was of course immediate speculation as to how far down you could go and could you ever reach the visible and that sort of thing. There was wide spread speculation, but no really good ideas immediately.

DR. TOWNES:  Well, I, finally, along about in that period, it was 1957, as a matter of fact, late summer of ’57, and I said, well, we’ve been working on this for some time now. I had come back from Europe in ’56 and this was just about, no, this was one year after I came back from Europe and we had been developing amplifiers. I said, well, I really ought to be thinking seriously now about how to do it, how to get down into the shorter wavelength range. I hadn’t had any remarkable ideas I felt that were really particularly good, but could be done and how to do it. I ought to sit down and think about it seriously rather than just continuing to dash along with what I was doing. So I simply sat down in my office to think about it for a while as to what to do and I started sketching out various ways of doing it and I realized that if you had a gas, the Doppler affect is such that the frequency shift is proportionate to frequency and the laws of radiation are such that it’s just as easy to get on down to very short wavelengths in the optical region as it is to get in the sub-millimeter range. I was first interested in the sub-millimeter, just push on a little further, you see, but I decided at that point, well, the optical region, in principle, is just as easy and in fact, we know the techniques in the optical region better. We know the resonances and everything is developed there. Why not just jump suddenly into the optical region, or at least into the short infrared? So looking at that, the problem was to get a resonator which was sufficiently selective in modes, to get a resonator which was, large enough wavelengths, it would have to be fairly big to hold molecules, or some atoms, but you had to be able to pick out a single mode if you wanted a clean oscillator. Now I didn’t initially find a very good one.  I used a cavity with some big holes in it, put the energy in which would stamp out some of the modes, but I said, “Well, it would probably oscillate on a single mode momentarily. If it was all very stationary, maybe it would continue to oscillate on a single mode. Otherwise, it’s going to jump around to different modes, but nevertheless, that’s not so uninteresting. If it jumps around some between different modes and still stays on a spectral line and generates some energy that’s not uninteresting. It may be a useful system, but it would be nice if you could find a way of controlling the modes.” I was a consultant at Bell Telephone Labs during that time on a very freewheeling kind of basis. Syd Norman had gotten me into this. Syd had hired Ollie Givan somewhere along in there. He’d hired Art Schawlow. I think Ollie Givan had moved to Bell Labs by then. In any case, Syd was very interested in the field and radiation in general. He was an old molecular beam man from Columbia and he persuaded me to consult with Bell Labs on the basis of talking with them from time to time. Every month at least, I would come out to Bell Labs and he said, “Just talk to Bell Labs people and find your way around and do the things that you think are interesting. You don’t have to work there. You can work back at Columbia if you wish. Just do something for the general interest for Bell Labs.” So I was in that mode of consulting with Bell Labs and I went out and talked with Art Schawlow, who was a young post-doctoral man that worked with me and had married my sister by then. I talked with Art Schawlow about this and Art said, “I’d been thinking about this too. Let’s talk about it.” So we talked about it and I think during conversation, Art suggested why not Fabry-Perot. It would get rid of most of the lateral modes of radiation. That was the real key, I think, to making a good laser. So we pooled our ideas. I said, “Well, I’m suppose to be consulting with Bell Labs. Most of my previous work on this was done back at Columbia and I sort of thought it was just my own work, but since you’re interested why don’t we call this all Bell Laboratories work. So, we worked together and I worked out, I think first, a demonstration that one could not get rid of the lateral modes by picking the right geometry. You could also single out, work out a single longitudinal mode as well by picking the right spacing. So there was the possibility of getting a clean single mode. Then we had to pick out the right gases and right materials and what the solids do and we did a wide variety of things together in working out just how the system should behave, and how one might build a system. Now, certainly I and I think Art Schawlow, too, felt that clearly such a system could be built. I was much surer of that than I was of the maser working because the numbers came out that way. It was very clear that a system could be built. Nevertheless, I felt it had to be very carefully planned because otherwise it was a puzzle why someone hadn’t run into one just accidentally. People had been working with optics a long time, with discharges, with excitations and someone should have, if it’s easy then someone should have run into one.
MR. LARSON:  Oh yes.

DR. TOWNES:  Obviously that hasn’t happened. So really one had to plan and make each step just right and make sure the physics was right and make sure the physics was under control. That’s why we worked on alkaline atoms. Alkaline atoms were well understood. We knew exactly what could be done and we could calculate everything and everything was known. So we could fix up conditions which were just right and it had to work then. We recognized that solids might be good and we had various solid state resonances and some other resonances that we thought might work, but I felt at least and I think Art did, too, that one had to plan it very carefully and then clearly it would work. So I started working on a system like that and I got a student who was interested and again a somewhat younger, but more experience physicist who came over from England, Paul Evans, joined us after a while and we were working toward building a laser. Now, in, along about that time, you see, I generally work on a fairly leisurely scale, leisurely rate. Not that I dawdle, but rather that I work on a graduate student kind-of-scale of time. All of the work that I have done has been graduate student theses: building the first maser amplifier, building the first maser. All of these were graduate student theses. So this was going to be a graduate student thesis. We started in along in ’58, about the time Art Schawlow and I finished this paper, some few months after that we finished this paper, I got a student who started and we began work and in the late summer, the following late summer, I was approached to go down to Washington. Well, I wasn’t all that eager to get to Washington, but I’ve always had a kind of a conscience about trying to help out with national affairs, public affairs. At that time, I felt there were just not enough scientists in Washington. That the government needed more technical help and I think that was the general thought among the scientific community. It would be nice to have more scientific input in the government and that was in ’59, you see. The missile gap was being talked about a great deal, you see. Eisenhower had come in and there was a general, of course Sputnik had come along shortly before that.

MR. LARSON:  Oh yes. That was the immediate post-Sputnik era. 

DR. TOWNES:  That’s right. So there was a considerable interest and push to try to get more science and scientific judgment in the government. I was urged to go down and be the vice president and director of research of the Institute for Defense Analysis, which was run by a couple universities, nonprofit group. Columbia University was one of them. I just felt I ought to do it. So September of ’59, I moved down to Washington. That of course meant a hiatus in our efforts, but I came back on Saturdays to try to help out my students. I had about 10 students and one of them was working on the laser. So that work continued, but we never quite got there in time. The first laser of course was due to [Theodore] Maiman, which had ruby, and he had approached in an absolutely different way. The theory was not something he worried about very heavily. He just splashed a lot of energy on the ruby. 
MR. LARSON:  Oh yes.

DR. TOWNES:  And it worked.

MR. LARSON:  And it worked, yes.

DR. TOWNES:  So that was very exciting. Initial reports weren’t really clear whether it was really lasing on, but I talked with his people enough and was convinced that, yes, it was. Art Schawlow set one up and got spots on the wall showing that the beam was directional.

MR. LARSON:  Oh yes. 

DR. TOWNES:  So it was really a laser.

MR. LARSON:  Let’s see. That was in the red region, wasn’t it?

DR. TOWNES:  Yes. That was the red ruby laser. Now, Ollie Givan who had been my student, certainly by then had been hired by Syd Norman. In fact, Syd was very interested in the laser. Not all the people at Bell Laboratories were. Many of them were very skeptical. In fact, they were very skeptical about this business of picking out single modes and very skeptical about the [inaudible]. Some of them were very skeptical about [inaudible] as a resonator, didn’t think it was right. In fact, I rewrote part of that paper because some of the Bell Laboratory people doubted it. I tried to make it mathematically a little more complete…
MR. LARSON:  Oh yes.

DR. TOWNES:  …particularly in that respect. Syd was very interested and he had hired Ollie Givan. Ollie had an idea how to do this by collisional excitation in helium-neon. It was a beautiful idea and two other people would work with him to help do it experimentally, Bill Bennett and Don Harriett who was a very good man in optics. So they got started and of course Ollie’s neon laser came along pretty soon after Maiman’s system. It was a completely different kind of system. Then another one of my students, Eric Stevenson had gone to IBM and he and [inaudible] and one other person at IBM actually made a second and a third laser. Those are not very well known, but they made a couple of different crystals, oscillating shortly after Maiman. 

MR. LARSON:  Oh yes. 

DR. TOWNES:  It was a uranium-doped crystal that they used for one and then Ollie Givan’s laser came along pretty quickly. So by then lasers were coming along fairly rapidly. I was very interested, but down in Washington doing this other job primarily. Now, I’d have to say, too, that the general interest in the field became terribly intense. When we first built the maser we had lots of time, there was no competition. We showed everyone around our laboratory, told them what we were doing, and they were mildly interested. By and large, they didn’t recognize the significance.

MR. LARSON:  Oh yes.

DR. TOWNES:  In fact, one of my friends after we made the laser go, said, “That’s fine. Congratulations. I’m glad you got it oscillating. Now, I hope you can get back to some of the other work you were doing. It was much more important.”

MR. LARSON:  That’s amazing.

MRS. LARSON:  [Laughter]

MR. LARSON:  Of course the maser is one of these fundamental advances in science.

DR. TOWNES:  Yes. People simply didn’t wake up to it.

MR. LARSON:  Didn’t recognize it.

DR. TOWNES:  Some did, let me say, and I remember in particular Professor Fryman in France when I went there. He kept talking about the maser, what a remarkable thing that was, what a breakthrough, but there were many other scientists that didn’t quite wake up to that. Now at the Bell Laboratories, I remember talking to John Pierce and I talked with him about it first thing because I knew John was interested in it. John was such a remarkably imaginative person and I remember saying, “Well, sounds like you got negative resistance all right.”

MR. LARSON:  Yes.

DR. TOWNES:  That’s interesting. It sounds like you’ve got negative resistance. I know Bell Laboratories hired Jim Gordon who had worked on it just for that reason. They said, “Oh gosh, this is something we better start learning about.” But many people weren’t all that interested. However, by the time the maser amplifiers came along, people got increasingly interested, more industrial interest and industrial companies did some very good work on that. Then when Art Schawlow and I wrote this paper showing the practical way of making a laser, then the interest became intense. It began to be almost a race to build the first laser and it got more and more intense. After Maiman’s ways came out, it created still more interest. Then they started popping up one after the other. So by then it was very intense activity, especially then in industry. Initially, it was, it primarily came out of the academic world, but once people became convinced that there was something real there, by then industry jumped in and contributed a great deal. As you will notice, the lasers were actually built, I don’t think of any laser that started, an actual working laser that started in a university. I think they were all started in industry. 
MR. LARSON:  They were started in industry.

DR. TOWNES:  The ruby, the helium-neon, the CO-2 laser, the most important ones. Oh, I know one that was started in the university. I guess the chemical laser was first done here at Berkeley, but largely industrial companies put a lot of talent on it and have done very well. Of course, they developed lasers in way that the universities couldn’t have possibly done it. I would never make a laser again unless I had to because you can buy so many that are so good.

MR. LARSON:  Oh yes. Well, of course…

DR. TOWNES:  We are using them all the time.

MR. LARSON:  Well, of course, the lasers with their coherent radiation enables you to, is demonstrated in popular lectures and so on. So it’s’ easy for the laymen to see the results, so to speak, whereas the maser is a little more esoteric. 

DR. TOWNES:  That’s right. That’s right. Well, the laser beam somehow attracts you and is a powerful ray. It is interesting because it’s not nearly as dangerous as people assume, but it is interesting and its opened up lasers with a very high angular resolution of beam, [inaudible] creativity, very [inaudible]. The fact that we can now handle light the way we used to handle electronics in the past has just made it enormously flexible and a very important scientific tool, as well as an important industrial one. I think two of the fields that have impressed me most that didn’t occur to me were going to be very important initially are civil engineering where the lights are used to make a straight line and lasers are easy enough now, you can set down a straight line, light civil engineers. That has been one of the primary sources for sales of lasers, laying down straight lines, for farmers to plow their fields straight, to flatten out a rice field and so on. That’s one area that I sort of find amusing and surprising in what you might think is not a very high tech area, but it’s a very important application. The other one is very, is heavy metal processing, to cut and harden heavy metals, heavy metal pieces. The automobile industry, for example, uses it to harden surfaces.
MR. LARSON:  Oh yes. It’s ideal for that sort of thing.

DR. TOWNES:  I think of the laser as high technology and really very, very refined. On the other hand, it can do some heavy work. 

MR. LARSON:  Oh yes. Very heavy, all the way from heavy metal treatment to very delicate eye surgery. It represents two extremes of applications.
DR. TOWNES:  It’s delicate laboratory work which I myself am mostly involved and so those are the areas which I think of it more aptly. 

MR. LARSON:  Oh yes. That’s a fascinating story of the development of the laser and the maser. I was wondering if we might have you say a few words about some of your other more general thoughts on science as expressed in your recent article in the National Academy proceedings.

DR. TOWNES:  Yes, well, in my experience, I find very important interaction between applied science and science itself. Applied science is sometimes called pure science, although I don’t really exactly like that term, fundamental science. It’s been well recognized that fundamental science contributes to applied things and to industry and things. That’s a well-known trend. I don’t think it’s been adequately recognized that applied science and industrial science contributes as much as it does to fundamental science.

MR. LARSON:  Oh yes.

DR. TOWNES:  I think that’s a very important linkage which we sometimes overlook. Applied science and engineering developing new techniques, new materials, new techniques, new instrumentation and so on provides a backbone for science and the availability of materials and equipment and so on to science is just indispensable. Further than that, it develops ideas. Now if you look at something as, you might say, as dirty as noise, electrical noise, that’s very important from a practical point of view. It turns out to be very important theoretically. If you take the Bell Laboratories work on noise, Johnson noise, which Johnson at Bell Laboratories ran into this noise in the resistors and it was later recognized as a very basic thermal noise that is now the basis for very good physics. Johnson noise is the very effect that he ran into, but he was a good enough scientist engineer type to recognize something very fundamental there. He did it just trying to make good amplifiers. Then along came, a little later than that, it was Jansky [sp?] who was simply trying to find the best wavelengths to use for communications and he made a great discovery. Namely, it was noise coming in from outer space.
MR. LARSON:  Oh yes.

DR. TOWNES:  This is the origin of radio astronomy. Many people didn’t appreciate that adequately, initially. Astronomers certainly didn’t. It took a long time before astronomers really got interested. 

MR. LARSON:  So radio astronomy and waves from outer space essentially was the source of that noise.

DR. TOWNES:  That has its origin in the very practical problem of noise. Simply an engineer doing a good job and understanding things thoroughly and finding out he had this basic noise. Now, still a further extension of that same thing was the work of [Arno] Penzias and [Robert] Wilson who were looking at noise and discovered the big bang, the remnant radiation of the origin of the universe. That’s just fantastic.

MR. LARSON:  Yeah, that is fantastic. 

DR. TOWNES:  That all came out of good applied work, you might say. I think those are just some samples of things that applied work has run into, contributed to. We need a wide variety of approaches to science, a wide variety of types of institutions, types of people, and different kinds of approaches. They also all need to be interacting. They need to understand each other and have enough interaction that they can trade ideas and techniques back and forth. That interaction, I think, is an important part of the development of science.
MR. LARSON:  That’s a very interesting point. Most people think of the advances coming from very basic science to development of practical applications and the feedback the other way is not recognized. 

DR. TOWNES:  Exactly, exactly, and I think it’s a very important aspect of the whole process and we need to understand that in order to sponsor science, both pure science and applied science as well.

MR. LARSON:  That’s a very important point that you bring out there. Are there any other philosophical points from your long career that you might want to…?

DR. TOWNES:  There are so many interesting things to talk about. No, I was a little while back asked to say something in Who’s Who. Who’s Who is undertaken to ask people to say something about…

MR. LARSON:  Oh yes. I think its 10 people per year or something like that.

DR. TOWNES:  Or something like that. So I made a little statement that was brief. It at least had some of my general outlook in it, what I said was the following. I think this sort of represents my personal views, “Intense interest is a boon to affect us in any field and I’ve always been fascinated by God’s universe by discovery just for its own sake, but also by new understanding which contributes to man’s scope and it’s culture.” That’s the joy of science to me. Discover new things which are then permanently a part of man’s culture and knowledge and things he can use. I also want to emphasize the importance in a scientific career of some of the homely virtues such as just the pervasive honesty with yourself, especially.

MR. LARSON:  In science, that’s so important.

DR. TOWNES:  That’s terribly important. Also, friendly interaction with other people, the spread of ideas, the generation of your own ideas, the effect on other people. A friendly and helpful interaction is another very important aspect of science. Finally, I would say an emphasis on the lasting human values rather than the more temporary and trivial personal satisfactions. Keep your eye on the ball. Think of the lasting values and that’s more likely to lead you in the right place.

[End of Interview]
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