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DR. SCHAWLOW: I guess you would like me to begin at the beginning. I was born in Mt. Vernon, New York, but my mother was from Canada and we moved up to Canada when I was three years old. I grew up in Toronto which was a nice place to live. It was a medium sized city, but a regional center, so it had all the cultural amenities that you could wish for, a lot of visiting artists, and so on, musicians. Also a city you could get around in. When I was eight years old, I can remember going downtown on the streetcar by myself and it was perfectly safe to do if you knew what you were doing. I went to school like anybody else. I was rather clumsy with my hands and I think someone suggested to my mother I should get a Meccano set which is an English toy. The nearest thing to it in this country is an Erector. It’s a kit whereby you can screw together, for instance, various strips and plates and make models and things like that. 

MR. LARSON: Yes, as a matter of fact, I went through that very same phase and started out with the Meccano rather than the Erector. Those two turned out to be competitors later on.

DR. SCHAWLOW: Yes, well Meccano has patents that are long since expired and Erector has become more like Meccano. In those days Meccano had more possibilities because the strips were just perforated whereas the Erector was built to look like girders and so on and they looked more realistic, but they weren’t as flexible as the Meccano. Of course there was a good deal of rivalry. Those that used Meccano thought it was far superior, and I’m sure the Erector people did too. Also, there was a Meccano magazine that I recall.
MR. LARSON: Oh yes.

DR. SCHAWLOW: I remember reading that for many years and learning about the many achievements in engineering and bridge building and all sorts of engineering advances in mechanics. It was very well written by a man named Ellison Hawks, who was the editor. He also wrote books on history of wireless radio and so on, which I remember reading too. I was only five or six when I started playing with Meccano, but that was the earliest involvement with anything technical. My father was an insurance agent. He had been born in Latvia and had, there were Germanic people who had lived in the Baltic States for centuries, but from a big family. Some brothers went to the United States. He went to Germany to study electrical engineering at Armstog [sp?], but somehow arrived too late for the start of the term, and so he went to New York to visit his brother. Unfortunately, he never returned to Europe because it was very turbulent times. That was around 1910 or so. Later he met my mother in New York. I have a feeling everybody meets in New York because that’s where I met my wife too, much later. But he was strong in mathematics, but I don’t think he would have been a good engineer because he really was not good with things. Anything that had to be fixed around the house, my mother did. It would be in some very primitive way, but she would get it fixed. He was very busy in those days as an insurance agent for Metropolitan Life, dealt mostly with industrial insurance, weekly premiums. So every week he would have to go collect 25 cents or 10 cents on policies in the working class district. People that lived around us were bus drivers, clerks, that sort of thing. So he had to work very hard and was often out in the evenings. You had to go out in the evenings when people were home. I can remember later helping him add up his accounts every week, long columns of figures and we didn’t have an adding machine. So we would add them and we would balance them. All the collections had to balance with the changes in the books.
MR. LARSON: That’s a very interesting point in economic history, the insurance business got started with that sort of thing, the 25 cent a week type of thing and grew from there. It was a very important development.

DR. SCHAWLOW: At that time, Metropolitan Life had grown so big, I think it was the largest financial institution in the world. It’s been surpassed since then. It was very big, but his position in it was a fairly lowly one. He was a onetime assistant manager, but most the time an ordinary agent. Well, I went to school and did fairly well. I skipped a couple of classes in elementary school and then ran into a teacher that somehow didn’t like me and said I was stupid. So my parents consulted a psychologist. I had done very well up until then. They recommended that I move to the model school which was attached to the teachers college. It was the Toronto Normal Model School because the teachers college was known as the Normal School. 

MR. LARSON: Oh yes.

DR. SCHAWLOW: As it had been called Normal in Paris, or as their university [inaudible] East China’s Normal University is a teachers university.

MR. LARSON: Oh yes.

DR. SCHAWLOW: We have with us today a visitor from China [inaudible] who is a lecturer from China Normal University. So I switched to that and I was several grades ahead of my age, and then the competition there was fairly demanding. I never felt that I was really any great genius because I was up against people who could do comparably well. I was interested in lots of outside things. Now let me mention radio again. I didn’t have any money much to do anything with it, but I was fascinated by radio. I remember, as you probably do, and very few others do nowadays, that in the 1920’s radio was a very exciting thing. I remember for instance that we got, it must have been about 1926 or so, when I was about five years old, we got our first radio which was a battery operated radio. We would have to go to the hardware store and bring home an arm full of batteries and it had one of these old horn loud speakers. It was so exciting because the department store would have a broadcast of Santa Claus’ adventures on his way from the North Pole every night the weeks before Christmas, or before he arrived at the store, you know. I remember all the kids on our block would come and listen to the Santa Claus and then a couple of years later we got a battery-less radio.
MR. LARSON: That’s a very interesting point because there are several people whom I have interviewed that essentially got their start in the early 1920’s with their interest in radio, David Packard, for one, whom you probably know very well. And there were others too, such as E.O. Lawrence and others like that.

DR. SCHAWLOW: I was too young to actually do anything, but I was aware of the excitement. One of the things that I do remember, the newspapers would once a week have a column on building radio sets. They would have circuit diagrams, that sort of thing, one and two tube sets. I did build a crystal radio set somewhere in there…

MR. LARSON: Oh yes.
DR. SCHAWLOW: …but it wasn’t until well on in the ‘30’s, in my teens that I managed to scrape enough together to build a one tube short wave…

MR. LARSON: Yes. Well, those crystal sets were the first solid state semi-conductor uses, you might say.

DR. SCHAWLOW: Yes, indeed. I was a voracious reader and I used to go to the library in the summer. There wasn’t much else to do. We walked to the library and got several books and then go back the next day and get some more. I read books on engineering and I remember reading, I mentioned Ellison Hawks. I remember reading his Pioneers of Wireless, which told about de Forest, and [Alexander] Fleming and so on. It’s a pity that Lee de Forest isn’t around for your interviews anymore.

MR. LARSON: Yes.

DR. SCHAWLOW: I happen to think that his invention of the triode tube is the most important invention ever made.
MR. LARSON: Yes.

DR. SCHAWLOW: It gave control at last, in a way that we never had before, and that led to all the computers and complicated circuitry. 

MR. LARSON: Yes. That was an amazing advance. I believe he did a good deal of his work right here…

DR. SCHAWLOW: In Palo Alto, yes.

MR. LARSON: …in California, in Palo Alto. That’s a fact which I didn’t know. It’s unfortunate, as they say, he’s no longer with us, because that was certainly the development that opened up the whole field of control of electricity and communications, everything else.

DR. SCHAWLOW: Transistors came along much later and people didn’t know what to do with them because circuits weren’t developed too, at least in the beginning. So, I was very much aware of this history. I wanted to be a radio amateur, but I was still an American citizen, so I could not get a license in Canada…

MR. LARSON: Oh yes.

DR. SCHAWLOW: …though I had friends who were and I did manage to build a short wave radio set and listen to it. Well, then I wanted to be an electrical radio engineer. But this was the deep dark Depression and we didn’t have a lot of money and I couldn’t afford to go to university if I had to pay the fees, which seem ridiculously small by modern standards, $125 a year, I think. Engineering I think was a little more, but there were two other obstacles. That was one obstacle. The other obstacle, rather, I had finished high school at the age of 16 and for some reason engineering school wouldn’t take anyone until they were 17. You had to be 17 years old. So I thought well a lot of people in those days were taking a second year in the last grade of high school. We had fifth form in high school. There were 13 years of schooling in Ontario. I thought I would have a better chance to qualifying for a scholarship. Of course there still weren’t any scholarships for engineering, but still not quite knowing what to do, I thought I would try the scholarship exams for practice. So by surprise I got a scholarship in mathematics and physics.

MR. LARSON: Oh yes. What year was that?

DR. SCHAWLOW: 1937.

MR. LARSON: 1937, oh yes. That was still in the Depression years.

DR. SCHAWLOW: I was born in ’21. It really was. My father was lucky to have a job at all because friends lost their jobs during those days, good hard working people just couldn’t get a job. It really was a terrible time. However, he had a job and we never starved, but there wasn’t any money to spare. However, both my sister and I won scholarships to go to the university. She in English and I in mathematics and physics. I thought that it was pretty close. In those days, we had the honors course system at the University of Toronto. I think it was modeled after what they had at the University of Chicago. You specialize right from the beginning, and I chose mathematics and physics, then it would branch after two years and I could specialize in mathematics, or physics, or physics and chemistry, or astronomy. I of course switched to physics. It meant that your course was pretty well prescribed and everybody in the class was pretty well qualified and it was really rigorous. I found it was really quite hard work, but I did manage to come out close to the top at the end of the first year and at the top the second and third years. So I was able to retain my scholarship. One of the amusing things of it was that it was very much specialized in mathematics and science, however, we had to take a few cultural courses and Toronto was a federation of formerly independent colleges. I enrolled in Victoria College which was the United Church of Canada College, affiliated with them, which was reasonable enough because we attended the United Church of Canada, but it was somewhat accidental because knowing nothing about the university and none of my friends or relatives had been there, I just asked one of the teachers what was a good college and they suggested that. We only took one or two hours a week at the college and the rest was at the physics department or mathematics department. I was sick and tired of writing essays on things when I had nothing to say. So I actually managed to get through four years of a good university without having to write one single essay. 

MR. LARSON: Oh, that’s amazing.

DR. SCHAWLOW: Of course I wrote lab reports, but since then I’ve written over 180 publications and I’ve spent all my life writing publications, or reports, but I still feel very strongly that there are three rules for writing that I still teach my students. The first is have something to say. The second is say it, and three is stop. 
MR. LARSON: Those are three very important rules. I know…

DR. SCHAWLOW: Once you have that, it isn’t so bad. Once you have in your mind what you’re trying to say, it isn’t so bad to say it. 

MR. LARSON: I know in trying to wade through many writings, you reach the end and you wonder what is it that I know now that I didn’t know before, and it’s amazing how very little information is packed in a lot of pages. Those are three very important rules.

DR. SCHAWLOW: Well, I’m amazed in how other people can just grind out words, so many words, with, as far as I can see, very little substance. People in humanities do it all the time. Perhaps I missed the point. My daughters can do it very well, but I can’t. I was just asked, I agreed to give a talk at the university next year, and then they wrote and said they want to publish the talks and we would like it to be of general interest. How about a topic like: Lasers and Civilization? Well, I just couldn’t do that. I told them that. It reminded me of a book I read years ago, T.E. Lawrence’s Revolt in the Desert. You know it’s Lawrence of Arabia.

MR. LARSON: Oh yes.

DR. SCHAWLOW: And the editor had a lot of trouble with Lawrence because he would not be consistent about translating Arabic names and things like that.
MR. LARSON: Oh yes.

DR. SCHAWLOW: So finally in desperation, he published his correspondence with Lawrence in the back of the book. One passage I will never forget, it said, “On page so and so you referred such and such the immoral poet. Surely, you mean immortal.” And Lawrence replied, “Immortality I cannot judge, but immorality I know.”

MR. LARSON: Wonderful. A wonderful expression there.

DR. SCHAWLOW: So I can write about what I know. Let me see…

MR. LARSON: I was going to ask was there any particular professors or instructors that stand out in your mind at that particular period of your life.

DR. SCHAWLOW: Yes. There were some excellent instructors. Samuel Behe, professor of mathematics, he taught the introductory calculus course, and he later was dean of the faculty of the arts, and then chancellor of the university. He was an absolutely marvelous lecturer. He could, I remember once he showed us how to do an integral by substitution which is a very standard thing but he had the class applauding because, you know, here you’re faced with this problem. How do you get out of this integral, let’s see what was the square root of one minus Y squared. You just put Y equals cosine of something and it becomes simple. So he just built up the tension. It was just fascinating. Then Professor John Snyderly of the physics department who taught the elementary physics lectures and he was a showman. Once a year he would give a liquid air lecture and this was much in the tradition of the 19th century science lecture that would actually appear in vaudeville in the Wonders of Science. It was never announced, but people knew where he put it in the course schedule and the hall would be overflowing on the day of the liquid air lecture.
MR. LARSON: Oh yes. Of course that is a very, a subject which everybody is interested in because you can do such spectacular things with liquid air. 

DR. SCHAWLOW: He did things even more spectacular than you can imagine. One thing, he would pour liquid oxygen on a loaf of bread and then set fire to it. Of course flames would go up to the roof of this lecture hall. The most spectacular was the two goldfish experiment where he took two goldfish and had frozen liquid air and one of them, he would just take a hammer and smash it up into little bits, the other one he put back into the bowl of water and in a few minutes it would be swimming around again.

MR. LARSON: Oh, that was a spectacular thing. That’s really amazing. Those are very important things as I remember it. Faraday was renowned for his demonstrations to the public of scientific things and I think we ought to perhaps do more of that.

DR. SCHAWLOW: I’ve done quite a bit of that myself. I’ve given a lot of popular lectures and have some well-known demonstrations which still seem to attract people. I have an experiment where I use a laser and have a blue mouse balloon inside a clear outer balloon and with a flash of light from the laser which is made to look like a weapon, like a ray gun, I break the inner balloon without breaking the outer balloon. I think a little bit of that has rubbed off on my lecturing style. Let’s see now. These things didn’t particularly inspire me. I was interested in physics. I was really thrilled to be learning the stuff. We didn’t get as much in high school. Our high school was a fairly new one and it was good, but not great. Some of the downtown schools, we were a suburban area, were ones that had special advanced preparation courses. We didn’t have anything like that. We had calculus in high school and I was thrilled for two things when I went to the university. I learned some calculus and I learned to use a slide rule.
MR. LARSON: Oh yes.

DR. SCHAWLOW: Which now, a lot of kids, we learned the first one, a lot of them get it in high school, the second one, nobody needs anymore, but I was just very interested in learning. Well, let’s see. I went through all the regular courses and I did all right in them. I worked, though I had to work pretty hard at it, it was pretty interesting. Then I remember one experiment that I particularly enjoyed. In our third year laboratory, instead of having a prescribed experiment every day, they had one day where they just turned us loose and the professor gave us a large rubber balloon and said see what you can find out about it. We got a meter stick and a pressure gauge and measured the diameter of the balloon at various pressures; got Polaroids to see if there was any refraction in homogenous strains in the material. That was fun because most of the time I did what I was told to do. You really had no way of judging whether I could do research. One other interesting thing is when we started out in college, I think that everybody in the class, as far as I knew, thought that they would end up teaching high school. This was an image that we had in our minds, either mathematics or physics. That was a reasonable career and since we were all, you know, not very wealthy, you had to think, well, how am I going to make a living afterwards? It always amazed me that a lot people say they go to college for the culture of it. I just never had that concept. I had to have some way that I might earn a living afterwards. Then the war came along. Canada was in the war in 1939 and by 1940, no, ’41, I’m sorry. By the fall of ’39, the war started in Canada and by February, I think of ’41, they stopped all classes in physics and put us to work teaching classes for the Army, Navy, and Air Force students that were sent to the university to learn the elements of physics so they could operate radar or sonar, things like that. I taught there until ’44, and then the need for those courses ended and I worked the last year of the war in a radar factory. I had been very interested in microwaves. I had read a lot about them. They had a klystron at the university lab. It was a very early klystron tube which is a microwave generator and so I worked on designing microwave antennas and testing, final testing for the manufacturer at this radar factory, Research Enterprises. Again, it wasn’t a very important job. I came in sort of at the end. I wasn’t in a very responsible position. Then the war ended in ’45 and I came back to the university. I knew the people at the university very well having been a student there, undergraduate, and frankly, the University of Toronto was in bad shape then. They had been strong in the 1920’s, but during the ‘30’s, they had given up all their research grants as an economy measure and they were just limping along with almost nothing and many of the best people had left. But there were a couple of good people and one of them was Professor Malcolm Crawford whom I had known and I had courses from him. He was not a great lecturer, but an inspiring person because he would really discuss the problem and speculate with the students. He didn’t know all the problems. So I worked with him and it was a very good experience. He suggested a good problem and left me to work on it. It was hard to catch him, but I learned when and where he could be found and I got enough help from him. I was joined by another student a year later, Fred Kelly, and we needed several because there was nothing there really. The place had been torn apart. Anything valuable had been given to the war effort. There were a few old interferometer plates from the 1920’s which we were able to use, but I built an atomic beam light source. I really wanted to do nuclear physics, which was a glamorous subject then, but they had no accelerator in Toronto and the nearest thing to it was to do nuclear hyperfine structure. Optical spectroscopy was considered pretty dead, old fashioned stuff then, still if you could study nuclear properties, it was worth your while. So, Kelly and I built this atomic beam light source and then we were joined by another man, Matt Grey who built us a little spectrograph and ferometer arrangement. Then we divided, we found our own problems to work on. I worked on the hyperfine structure of silver and Kelly worked on magnesium and Grey on zinc. We actually measured the spin of magnesium-25 for the first time. It seems strange nowadays that it hasn’t been known forever, but we did it with hyperfine structure. 

MR. LARSON: Yes. And you might say comparatively recently.

DR. SCHAWLOW: Yes, about 1949, which it seems strange because it’s not a very scarce isotope or anything like that. It was just not known. Another student there measured yttrium-91. So it was a good experience. We were on our own. We had to think. Well, then in ’49, I was looking for a job and I had heard I.I. Robby from Columbia University give a talk in Canada. There had been an association formed called the Canadian Association of Physicists. It was formed in the early post-war years because they were afraid that physicists in industry would have to register as professional engineers to hold a job and for that they would have to take other requirements that might squeeze out a lot of other physicists who were in fact doing engineering jobs in industry. So they formed this Canadian Association of Physicists. Well, they held a meeting in Ottawa and we, a group of us got a car and went up there. It was dismal because there was a lot of talk about professional concerns and not about physics. Then Robby came on and he gave a talk about the wonderful work that [Willis] Lamb and [Polykarp] Kusch had been doing recently which of course won them the Nobel Prize a few years ago. I thought I really want to go to Columbia University. So I wrote to Robby and asked if there were any openings there. I wrote to other universities and got several other offers because there weren’t very many physicists graduating yet. But Robby wrote back and suggested that I apply for something called the Carbide and Carbon Chemicals Corporation Post-Doctoral Fellowship to work on the applications of microwave spectroscopy to organic chemistry with somebody named Charles Townes, whom I had never heard of, but I wanted so badly, I had no interest in organic chemistry, but I wanted so badly to go to Columbia that I applied for it and got it. 
MR. LARSON: Incidentally, I should tell you, a little aside there, I mentioned that I was with Union Carbide and early when I was director of the Oak Ridge National Laboratory they operated the Laboratory for the Atomic Energy Commission and I was on the grants committee and so that one came up during my particular term. So I have the distinction of passing on what was probably one of the most productive grants given by any industrial corporation before or since. So that’s a rather interesting, Dr. Townes mentioned that also in his interview. 

DR. SCHAWLOW: You probably recall how it happened. Dr. Schulz, a chemical engineer, called me a Ph.D.

MR. LARSON: Yes. We use to call him Hap [Helmut] Schulz.

DR. SCHAWLOW: He had an eye injury, I think, in the lab and so he was sort of a liaison, planning work, I think.

MR. LARSON: Yes. 

DR. SCHAWLOW: He had this sort of vague idea that you could control chemical reactions by wavelengths longer than visible light. So he looked around to find someplace to do something about it and at Columbia they had a programmed millimeter wave magnetron and Charlie Townes was working on interaction of microwaves with molecules. Anyways, that’s how it got started and I was the second fellow. As you say, they got their money’s worth.
MR. LARSON: That’s always quoted when budgets came up for grants. That’s always quoted for being a very productive way to spend money.

DR. SCHAWLOW: I, of course, found out that Charlie Townes was a very wonderful person and to work with him really was a very wonderful experience, and being at Columbia really was too. Robby just had a very stimulating atmosphere there. He had very high standards. He could be very cruel because he wouldn’t stand for anything less than the best, but I’ll never forget how thrilled I was when he came back. He’d been away to Japan. I’d been there about six months and I was struggling with the usual things that an experimentalist does trying to find leaks in apparatus and he poked his head in the door of my lab and said, “Well, what have you discovered?” Well, I hadn’t discovered anything. I hadn’t even thought I could discover anything. You know, there were no less than eight future Nobel Prize winners around Columbia when I went there.

MR. LARSON: That’s fantastic.

DR. SCHAWLOW: [Hideki] Yukawa was visiting there. He got the prize just a couple of months later. Aage Bohr, Niels Bohr’s son was there. Townes, Kusch and Lamb, and [James] Rainwater were on the staff, Fitch [sp?] was a student, I think at that time.

MR. LARSON: Oh yes.

DR. SCHAWLOW: It was really a very exciting place.  Everybody who was anybody visited there. I remember Pauli came and visited and toured the lab. It was just really exciting, coming from Toronto, which had been not in the center of things. It’s much better now, but it was a bit out of the mainstream at that time. So…
MR. LARSON: It certainly was a fantastically stimulating atmosphere to be in at that time.

DR. SCHAWLOW: It was. I was interested in microwaves and I certainly very much appreciated Charlie’s interest in the shorter wavelengths. You know, when I had been a student, I had thought vaguely, well, gee, I have all these atoms and molecules. You can’t build resonators to those short wavelengths, but they exist. I really didn’t know enough quantum mechanics to think of how to use them. Of course that was Charlie’s great advance in showing how you could use stimulated emission to amplify and put them in a resonator too. It was a very good time. We started a book on microwave spectroscopy which didn’t get finished until, I guess, late ’54. It was published in ’55. After I had been there two years, I had to get a job. I went to Bell Labs in New Jersey and I would come in every Saturday and work on this book. It was quite an amazing experience because Charlie Townes has the most amazing ability to concentrate. He was chairman of the department by then and a student would come in and ask him about some course or something like that, and as the student would leave, he would give the student his full attention, as soon as he would leave, he would go immediately back to where he was. There would be none of this, “Oh, where was I?” and all this, “What was I doing?” He could just keep things firmly in his mind and move from one to the other.

MR. LARSON: It’s a very valuable quality. 

DR. SCHAWLOW: Well, he’s a very stimulating person. He had a large number of students and he encouraged them all each in an individual way. I tried to handle students the way he did, letting each one develop in his own style. It was the only way I could do it. Well, I met his sister there, his younger sister, Aurelia, who came to New York to study singing and we got engaged and got married in May of 1951. So I was, I had to find a job in the spring of ’51. A strange thing happened. Sidney Millman who was a Columbia Ph.D. was working at Bell Labs and was a recruiter for Bell Labs. They send their senior staff members around, senior researchers around to different universities to keep contact with professors and it seems that John Bardeen who was one of the inventors of the transistors had switched his interest to superconductivity and he wanted to have someone to do experiments with superconductivity. Nowadays, you would have dozens of Ph.D.’s in every specialty of superconductivity, but I had never worked on solid state or low temperature, but they hired me to work for Bardeen doing experiments on superconductivity. Well, it was little worse than that because by the time I got there in the Fall, he had left. He decided to go to Illinois, but I thought superconductivity is honest physics. It isn’t just doing engineering. So I had to learn about superconductivity and low temperatures and try to do something by myself. And there wasn’t really anybody doing anything similar at all. Ben Martinez was working on superconducting materials, but he wasn’t really interested in the phenomenon at all. Harold Lewis came along a little later and wasn’t interested in theory. We had some good interactions, but it was rather difficult, trying to learn about superconductivity. I felt rather isolated. The only people who were interested in the thing were somebody in England, somebody in Russia, you know, it was very often in a small field.
MR. LARSON: Considering the day, there must be thousands…

DR. SCHAWLOW: Oh, I think so.
MR. LARSON: …of people who must be working directly or indirectly in this.

DR. SCHAWLOW: You know, let me mention something here about Charlie maser. He tells a story, which I don’t know whether it’s true or not, but it amuses me to repeat it, about the invention of the maser and the important part that I played in it. He says that in the spring of 1951, we both went to the meeting of the American Physical Society in Washington, which I’m sure happened, but the rest I don’t remember. He said that we shared a room at the Sheraton Park Hotel and I can’t recall that at all, but it was only a few weeks before I got married, so maybe I was distracted. He claims that since I was a bachelor and used to working late at night and getting up late in the morning, I was still asleep when he woke up. He had small children and was used to getting up early, and not wanting to disturb me, he got dressed and went out and sat on a bench in Sheraton Park. It was a beautiful spring morning and he started thinking about the problems and that’s when he invented the maser. You see, if I had woken up there wouldn’t have been a maser.
MR. LARSON: Yes.

DR. SCHAWLOW: I did witness his notebook a few weeks later and do remember him talking about it, but I was already scheduled to go to Bell Labs and work on superconductivity, so I didn’t work on masers at all.

MR. LARSON: That of course is one of the very interesting stories in science development. As a matter of fact, I mentioned that I had interviewed Dr. Townes. He mentions you in that particular story of course. 

DR. SCHAWLOW: I still wonder if there wasn’t someone else sharing the room with him because I never was particularly fond of rooming with anyone else. But maybe I did, I don’t know. I also had forgotten that I had witnessed his notebook. He showed me that I had a copy of the page. 

MR. LARSON: So you have concrete evidence.

DR. SCHAWLOW: I didn’t hear that story until 1959. I remember he told it just before the quantum electronics conference, first quantum electronics conference. So it’s probably true, I just don’t remember it. One thing though, that I think is worth pointing out, is that he didn’t publish the idea of the maser right away, and maybe he told you about that, but the reason is perhaps worth recounting is that right after World War II, a lot of people were rebuilding their laboratories and they didn’t have any equipment. So they published articles telling about what they were going to do.

MR. LARSON: Oh yes.

DR. SCHAWLOW: People joked that Physical Review should really be Physical Previews. It was by 1950, or ’51, it just not the thing to do to say what you were going to do. If you were going to do something, do it and then tell us about it. So, although he talked very openly and told visitors of the lab and put it in unclassified progress reports that were in a number of laboratories, he didn’t publish an official paper saying here is how you can make a maser. Fortunately, he did give a talk in Japan and someone from there did write down an account of it and published it, but that was the only record of it. In the meanwhile, until he got the things working in 1954, but meanwhile, the Russians [Nikolay] Basov and [Alexander] Prokhorov had some of the same ideas and [Joseph] Weber at Maryland had some ideas too. None of them had as much as what Townes already had, but they got it into print first. So later on when we were working on the idea of a laser, we were aware of this history and the fact that there were many more people in the field. So we published our theoretical proposal rather than trying to build one.
MR. LARSON: Oh yes. That’s a very interesting story. I believe Dr. Townes then shared the Nobel Prize with one of the Russians.

DR. SCHAWLOW: With two of the Russians, Basov and Prokhorov.

MR. LARSON: With two, yes.

DR. SCHAWLOW: And they did their work in telling independently, but they didn’t really have… they continued to be important contributors to the field. Well, let’s see now. I went to Bell Labs and worked on superconductivity. Oh, just on the side, I attended a conference and heard about the new technique of nuclear quadruple resonance and Livingston from Oak Ridge, gave a talk on that, Ralph Livingston, and it looked so easy, I couldn’t resist trying it. I did do a few papers on it. It was very simple. I just screwed together a one tube oscillator, regenerative oscillator, and put the sample in the coil and had a vibrating capacitor for frequency modulation. I’d listen on earphones until I found a signal. The pitch of the note would change, as you would scan. You would get some amplitude modulation, as you would scan the vibrating capacitor, but when you reached the resonance, you reached a resonance, it became a sharper sort of tone. So we did some quadruple resonance with nuclear compounds and showed that the temperature dependence, we did temperature dependence too, and things like that, but this was sort of a side line while I was sort of setting up to do some work on superconductivity. We found a method of showing the intermediate state of superconductors by sprinkling, not iron filings on it, but niobium filings…
MR. LARSON: Oh yes.

DR. SCHAWLOW: …which would move out of the regions where there was magnetic fields and would indicate where the magnetic field was penetrating through the sample. You would get a powder pattern that was very pretty, showing you just where the field was penetrating. I worked on that for a few years, but I got a little disgusted because it became apparent that the actual details of the pattern depended on the microstructure of the material, on imperfections because where it would penetrate would be determined by the imperfections in the material. We did one experiment, I remember in conjunction with [John] Hume of Westinghouse who gave us some arc-melted-uranium samples and these behaved like soft superconductors with fine grain intermediate state patterns and then we coerced them by filing them and they acted like hard superconductors, showing the defects by cold working, changed it from apparently a soft superconductor to a hard superconductor, with much larger patterns having microstructures that you couldn’t resolve, instead of a fine grain pattern on a millimeter scale. Then I also did some work on penetration of magnetic fields in superconductor concentration methods. I developed a rather cute method where I wrapped a coil closely around a rod of tin and I measured the resonance frequency of an oscillator which was connected to the coil and capacitor, and as the magnetic field penetrated deeper into the metal then the frequency oscillator would shift and in order to go down below temperature, the field would be pushed out of the metal and the volume in the coil would decrease, flux so the induction would decrease and resonance frequency would shift. Then we would have, I guess an early frequency counter then. I remember we also had a digital volt meter. It must have been one of the first ones made by nonlinear systems that had relays and clattered away. It was a terribly noisy thing that measured the voltage.
MR. LARSON: Yes. Those were marvelous devices in those days and now there are many little pocket things that are digital readouts. I was wondering at that time, let’s see, in the superconductor work, let’s see, what period of time was that? 

DR. SCHAWLOW: Well, it started in ’51, and really mostly in ’53 to ’58 or so.

MR. LARSON: I know there was great hope at that time that, I think Bell Labs was at the forefront of developing an alloy, or some compound that would be able to be superconducting below liquid hydrogen and all that, but…

DR. SCHAWLOW: Yes, well Martinez was working on materials, devising new alloys. Actually, he was very much, really metallurgically-oriented.

MR. LARSON: Yes.

DR. SCHAWLOW:  He really [inaudible] apparatus at all. His apparatus was an exact copy of one that John Hume had and he didn’t dare touch anything. He would just come in and hang these samples on them and see what the transition temperature was and he was a fairly excitable sort of person. I had a simple rule. He wasn’t in the lab, I shared a lab with him. He had his apparatus at one end, and mine was on the other end. It wasn’t a very big room. Well, when he was there, I wasn’t. He wasn’t, he didn’t run it very often, but when he did, I just got out of the way, otherwise we kept out of each other’s hair and we got along fine. I wasn’t concerned with that, I was just trying to understand… So… We did study penetration depth and one thing we found was the penetration depth experiments were done just about the time that Bardeen, [Leon] Cooper, and [John] Schrieffer developed their theory with the energy gap and we found a departure from the earlier theory that was consistent with the energy gap. So it was just very timely. It did give us some confirmation of the BCS theory, although there was a lot of other confirmation. Also, I did an experiment where I tried to measure the penetration of the magnetic field through a cylindrical film. Within the film, I had a little pick up coil inside and I saw spikes in the output of the coil near the transition temperature. There were jumps. Well, I really missed something there because that was evidence of flux quantization. I had heard the words, but it seemed it was associated with defects in the sample and I just sort of pushed it aside, but I was very close to discovering flux quantization several years before [William] Fairbanks and [Bascom] Deaver, in this country and [Robert] Doll and [Martin] Nabauer did in Germany. So I feel I really often have been rather stupid and missed good things that I should have seen.
MR. LARSON: These, you’re in good company there, like Fermi and others, who have missed things that were very obvious.

DR. SCHAWLOW:  I like to tell students that I really am very stupid. I missed a lot of good things just lying in front of my nose and the only thing that saves me is nearly everyone else is pretty stupid too. So they should realize, students should realize in particular, that there are a lot of simple and beautiful things still lying around there to be discovered, just all of us have overlooked. You keep seeing it. Every few years you get a lesson that somebody will publish something and you’ll say, “My God, how could I have missed that?”

MR. LARSON: Oh yes. 

DR. SCHAWLOW:  It’s fortunate because there are things left for others to do. There are things left for me to do. So I was working on superconductivity and I had one technician there, George Devlin, a very good technician and I was, we use to have tea in the afternoon with the theoretical physicists in a group. There was a small group at Bell Labs and also a very excellent group. We, when I came there the solid state group had about, I don’t know, 10 people, physicists or so, I use to wonder at that time, which of these people who were all very bright would be very well-known in, say, 10 or 15 years from then. Essentially, all of those who stayed in physics were including Brant Mendez and Connor Harrington, both members of the National Academy of Science; Walter Brattain who got the Nobel Prize; Phil Anderson, who got another Nobel Prize. So it was a pretty distinguished…
MR. LARSON: It was a pretty select group there.

DR. SCHAWLOW:  It was and of course stimulating to be with such people, although, Bell Labs policy was to cover a lot of fields. They said their purpose to having people doing research was not to get inventions like the transistor, although that was nice, but it took an enormous amount of money to develop, but rather that they should have the best possible window on the world of technology. They could save a cent off of every 100 million telephones that was good money. You couldn’t do that by having people sitting in a library just reading magazines. You had to have people actually working in the fields that could talk to the other leaders and see what was really going on. I think they saved a lot of money. One illustration of it was once they had a meeting to decide whether they should work on superconducting logic devices, cryotrons, they were called in those days. They decided not to and that was a very good decision at that time. Whereas IBM threw a lot of people into that and built a big group and explored it and ultimately abandoned it. 

MR. LARSON: Oh yes.

DR. SCHAWLOW:  So by having a few people you could really understand what you could do and what you couldn’t do, they were able to make a sensible decision. Of course later on after the Joseph Junction came along, there was another question of whether they should go into it or not, but at that time that was the right decision. I remember one time, Hal Lewis, who was also fairly inventive, went to the boss and said, who was Stanley Morgan, “Should we think of some devices we could make with superconductors? Should you write down some of these ideas for possible patenting?” He said, “Does it require liquid helium?” We said, “Yes, we think so.” He said, “Well, don’t bother then.” That was kind of rough, but it was I think a good sensible decision. 

MR. LARSON: Yes, particularly for any large scale applications there is just a finite amount of helium available.

DR. SCHAWLOW:  Yeah, well you can use close circuit refrigerators and there has been a lot of hardware. Actually, the maser rather changed that because solid state masers became used on some radar devices and for those they developed compact liquefiers, closed circuit liquefiers, which could in turn open up other applications for low temperatures, but it’s obviously very difficult and other competing technologies came along. I remember they had one person working one, Walter Merritts working on feral electrics whereas IBM put a whole group working on this possible memory group for superconductors. In the end, they decided that the progress for these little iron cores, or ferrite cores, was such that it wasn’t sensible to use ferrite, feral electrics. You’re always up against competing technologies. 

MR. LARSON: Oh yes.

DR. SCHAWLOW:  You had to make your decision as to which you were going to push and which you weren’t. They didn’t, as I say, in the basic research, they covered a lot of fields with one or two people in each. They didn’t have big groups. Now other people from outside look at Bell Labs publications and they don’t understand that. It took me about five years to realize how the place really worked. I was really lonely. I worked by myself, but I realize now that then if somebody got an idea from an experience, say Mr. A gets an idea. He goes to Mr. B and Mr. C who can provide him with samples for this and takes them to D and E who make measurements on them and then the theorist F. Then you can have a paper come out with all these people combined. Then other people will say, “Oh, Bell Labs put a big group on this,” but the fact is that by the time this is published they are probably not even speaking to each other anymore. There are a lot of lonely people there who are free to and willing to drop what they are doing for a while to work on an interesting idea. So they can cover a lot of different things very effectively with a relatively small number of people.
MR. LARSON: Yes, and having all of those experts together on a single problem can certainly speed up getting some sort of result there.
DR. SCHAWLOW:  That’s right. They have some very clever managerial techniques. The people in the basic research have no responsibility for consulting, whereas most other industrial firms they have a very in-depth responsibility. On the other hand, they do it willingly by helping other people and have the organization quite separate so that if there is a crisis in manufacturing, they can’t insist that people drop what they are doing, but they have them arrange geographically so that they are intermixed. In my lab, next door to me was somebody working on tantalum capacitors and other the side was working on semiconductor devices. So you naturally get to meet these people and if they have a problem and they need to know something in physics, they would come to me and I would say, “Well, you should talk to so and so.” So the grapevine worked very well.

MR. LARSON: That’s fine. That’s a very fine exposition of how a laboratory works and solving problems there. 

DR. SCHAWLOW:  Yes. Well, I haven’t been back there much for quite a long time, but coming on now, I really was working on superconductivity in 1957, but I had not worked on masers at all. After the maser operator, the boss came and asked would I like to get back into that? I said no because I couldn’t see anything fundamental, but by the summer of ’57, I remember thinking the original idea of the maser had been to try to make wavelengths shorter than that of what you could get with vacuum tubes. I was very interested in that problem having been familiar with the whole history of radio waves and how they got shorter and shorter wavelengths and always found new uses. I starting thinking vaguely, well, maybe you could use the [inaudible] crystals or something like that to get into far infrared. I didn’t really have any ideas. In the early fall of ’57, Charlie Townes was consulting with Bell Labs. I hadn’t been talking with him much, but he, we had lunch one day and he was thinking about whether you could jump over most of the infrared region and go up to the near visible region. He had a scheme that might do it. So we decided to work together and examine the problem and see whether we could find solutions to them. This was just a spare time activity. I would do this at odd moments, at night. Nobody was looking over my shoulder at the lab, but my main business there was to get on with my experiments with superconductivity. So we, I looked at this scheme and gave reasons why I didn’t think it would work. Then I suggested, well, why don’t we look at some of the alkaline because there is more, like sodium, potassium, and so on, because there is more information about them than there is about most other elements, particularly the transition probabilities. They were not very well known in those days. I picked up particularly potassium to concentrate on for a silly reason, namely I had in my lab, the only piece of optical equipment was a wavelength spectrometer, a visible device that you could look through and measure wavelengths. I bought that back in the superconductivity days to try and measure thicknesses of thin films by interferometry. Potassium has the peculiar property that the two lines in the visible spectrum, the first two resonance lines are invisible. One is in the red and the other is in the violet, whereas the other alkalis have one in the ultraviolet. So I picked up potassium and I worked through the calculations, the energy levels. Charlie had the maser formula and calculated that you should get with reasonable pumping power enough excited atoms to get laser [inaudible] or optical maser. Then we had to think about a resonator. Well, Charlie felt that some kind of a box would be fine and although there would be all kinds of molds in the visible because there are so many ways you can pack in wavelengths, still one or two would have higher gain and they would pick themselves out. But Mark Peter, who had come there a year or so before from MIT, worked on microwave spectroscopy had actually, I didn’t realize this, had done his thesis on multi-mold resonators and he kept saying you had to find a way to pick out a mold. So prodded by Peter, we had worked together on some superconductivity work a little bit, I had thought about it. I had taught at Bell Labs. They had a course for their engineers. They had asked me to give lectures on solid state, which seems a little ironic because I was absolutely self-taught in that, but in the course of that I became very familiar with the Dubai theory of specific heat in which you count up the number of vibrations, molds of vibration in a solid by thinking of them of waves of different wavelengths, long ones and short ones, which are going in different directions. The atoms would have a fairly narrow resonance so they only responded to a narrow range of wavelengths, but you would have all these different directions. Then it occurred to me that if you take this big box, the resonator and through everything but two little pieces facing each other, then only the waves that went straight back and forth would stay in there. So it would be a good resonator for those and not anything else. I suggested, well, it would pick out things within an angle which is roughly the solid angle attended by one mirror and the other. I mentioned this to Charlie and he said it was better than that because the waves would go back and forth many times, being amplified in between and you would get a good directionality and this should really pick out one mold. So we satisfied ourselves that you could get enough excited atoms and we knew a way to pick out a mold and remembering that earlier when we stopped to build one, we decided to write a paper on this. So we worked on this during the spring of 1958 in no great rush, and submitted it in the summer of ’58. We circulated copies to our colleagues at Bell Labs. They didn’t understand this mold selection thing. They didn’t believe it. Somebody said there would be longitudinal molds too perhaps, but well, I didn’t understand much deeper than that to tell the truth. I was convinced that that picture had to be. So Charlie had to put in a little bit more of the diffraction facts in order to let us publish it. The patent department didn’t think it was worth patenting because they thought it was just another kind of maser, but he persuaded them and they did apply for a patent on that device too. That was my first patent. When I went to Bell Labs in ’51, they gave me one dollar for all patent rights and so of course we didn’t get anything before that.

MR. LARSON: Oh yes.

DR. SCHAWLOW:  But they had been supporting me for seven years and having gotten the bug, I did do several more patents while I was there, but none of them ever amounted to anything. As you know most patents never get used.
MR. LARSON: Only a very small percentage ever reach the marketplace.

DR. SCHAWLOW:  [Inaudible] patents. So we published this article and I think we sent it off the same day I sent off an article on superconductivity in Physical Review, or at least very close to the same day, but then I asked, I still didn’t try to build one. Charlie got some students working on it. Being at Bell Labs, I had the feeling that anything you could do with a gas, we calculated a gas, because that was calculable, but we mentioned the possibility of a solid in our paper and knew only vaguely. I wrote a paragraph that said solids you don’t usually have a lamp that produces the same wavelength, but you have an even better solution because there are often broad bands that you can pop into and narrow lines to omit. I had in mind Ruby, which people were being to use for masers, but I didn’t really know anything about it, but being at Bell Labs, I thought if you could do a gas, you better do a solid. I thought I would like to drop superconductivity and start learning about the solid with the hope of finding some optical maser material. All I had to do was I went to talk to the boss. I said I would like to drop superconductivity to work on this. He said, “Fine,” and that was all I had to do. He, I guess, arranged for funding. Any amount of money I wanted I could get. So I had never bought any fancy equipment. In fact, when I first went to Bell Labs in ’51, you could hardly buy any equipment. They had a very strange situation. The Lab was set up as a nonprofit corporation, subsidiary of American Telephone and Western Electric and if they added capital equipment that would be equivalent to making a profit and they didn’t want to do that. 

MR. LARSON: Oh yes.

DR. SCHAWLOW:  So you could only buy capital equipment if you could junk some old equipment. So when it came to do, it was very hard to get any capital equipment.
MR. LARSON: That is an amazing story. I’d never heard that before.

DR. SCHAWLOW:  Well, in fact, when I bought that wavelength spectrometer, I wanted to buy a camera attachment for it, the boss said, “Do you really need it?” I said, “Well, I’m not sure.” The boss said, “Well, you better wait until you’re sure.” So I never got it. I was sorry, of course, later when I did get a new optical [inaudible], but about 1956 or so, after I had been there about five years, they suddenly realized there was another way. That if the equipment was bought for a specific experiment, then it wasn’t adding to their capitalization.

MR. LARSON: Oh yes. That’s an operating expense.

DR. SCHAWLOW:  That’s right. They loosened the purse strings and barium magnets started sprouting all along the halls. 

MR. LARSON: Oh yes. 

DR. SCHAWLOW:  I didn’t get one of these. I still operated rather frugally, from habit, I guess. Then when I into this laser stuff, I thought it might be important, I wanted a high resolution spectrograph. Since we showed that the gain was inversely proportionate [inaudible] I thought we had to have narrow lines. The Gerald Ash Company had made one for the Bureau of Standards following a design [inaudible] from Johns Hopkins and they were willing to sell it commercially. So I got permission and ordered one. Somebody referred to this as Schawlow’s answer to the barium magnet. I also bought the most expensive oscilloscope that I could find which was a duel beam device from Techtronics. These both turned out to be very wise choices. So, I’ll wait for time.
MR. LARSON: Fine. We have two hour tapes. So we don’t have to worry.

DR. SCHAWLOW:  Well, as I say, I didn’t try to build a laser. I did start working on the [inaudible] crystal, Ruby [inaudible] and some of the people working on microwave masers had a drawer full of rubies, and you could borrow some. So I started looking at the spectrum and I wondered about it. I found that there was a thesis at Johns Hopkins by [Stephen] Jacobs where he had studied the spectrum of Ruby and it was a bit mysterious because there was a theory at that time of why, as it should be a very simple spectrum. It should only be two double lines in the red, yet there were a whole lot of other lines, called satellite lines, or Napier lines near there. Nobody knew where they came from. This student at Johns Hopkins, Jacobs, working for Professor Deacon [sp?] had measured a lot of these lines, but had no idea what they were. [Inaudible] discovered in 1905 or so by Edmund Beckeroff [sp?], no, wait a minute, John Beckeroff, and they have been measured, studied various times and nobody had any idea what they were caused by. Of course, the early ones had no theory where any of those lines came from. Well, we started, I thought maybe they were caused by the crystal vibrations and if we could understand these lines then maybe we could understand the crystal vibrations better, but we had crystal growers and Joe Remeka [sp?] grew us some crystals of gallium oxide which is like chromium oxide, like aluminum oxide with a little chromium. A technician George Devlin who had no formal training to speak of, but was very observant, he noticed that the extra lines were different in different samples. It was quickly apparent dependent on the concentration. So once I realized that it was immediately obvious that these could come from pairs of chromium ions which could have their energy levels split by exchange interactions. So we discovered the pair lines and did some more tests to analyze them. We had a lot of fun. We applied stress to the crystals and were able to split the lines and add [inaudible] chromium and magnesium oxides and displace them in rubidium which helped us understand why the lines were so broad at low temperatures, was due to strains. When you strain the thing, you couldn’t move the lines. We also realized, I also realized I could make a laser, a four level laser out of these pair lines. Here I sort of out smarted myself. A ruby has a ground level and all atoms are on the ground level to begin with. All the [inaudible]. There are no empty levels nearby, but in these pair ions the levels are split by sometimes several hundred wave numbers so there would be levels that were thermally empty at low temperatures. Those would be good final levels for a laser. You wouldn’t have to get more than half of the atoms excited in order to get laser action. So I realized that. Again I tried to get the lab people to patent that. They said, “Oh, no. That’s not worth patenting. We’ve got ruby masers and this is just another concentration of ruby, at a different wavelength.” I did mention it in talks. However, I did casually say that the [inaudible] of ruby was not suitable for laser action and I said that I really outsmarted myself because that was the one that may have been used. I was not quantitative. I was just qualitative. Even if I had tried to be qualitative, I would have come up with the wrong answer because several people have tried to measure the fluorescent efficiency of ruby and they said it was between one and ten percent. If it were that low, then you would never be able to get enough excited atoms to get laser action, but in fact I already knew that was wrong because we had done some work on measuring the lifetime, the fluorescent lifetime, and we found that dependent on the size of the sample, we were getting trapping in the resonance radiation. Whereas in sapphire which only had perhaps a part per million or so of chromium in it, you’ve got a lifetime of, I think, four milliseconds at low temperatures. In a substantial chunk of pink ruby, you would get lifetimes up to 12 or 14 milliseconds.
MR. LARSON: Oh yes. 

DR. SCHAWLOW:  So, after one wonderful day, I had Frank Versami [sp?] a student at Johns Hopkins working with me and Darwin Wood who was in the chemistry department and we suspected this trapping. So we started cutting pieces off. We cut a thin slab and we reduced the lifetime from about 14 to 11 milliseconds. Then we realized that even in a thin slab you could get internal reflectors. So it would still be trapping. So then we ground the stuff up into fine powder and got the lifetime down to, I don’t know, it was like six milliseconds, but we realized that the grains of powder could still see each other and the light could be emitted here and absorbed and then reemitted. So finally when we invented a powder in some black pitch [inaudible] then we got the four milliseconds in the finely ground powder. So we knew that the radiation could be tracked and we published that and should have told us that the fluorescent efficiency was high. I should have done the calculation. I have to leave it to [Theodore] Maiman’s credit that he did that calculations on the efficiency and what pumping light would be needed and he showed the pink ruby would work, but I already said that the dark ruby would work and I already said specifically at the first quantum electronics conference that a solid state, the structure of a solid state optical maser would be especially simple. It actually would be a rod with the ends polished flat, parallel, and coated to reflect radiation, reflect radiation and the sides left open to emit pumping radiation. So when I saw this picture in the newspaper of [inaudible] with a flash lamp and a rod with the ends flat and parallel, it was just exactly what we were talking about. But I tried dark ruby and actually got a rod of it and tried, I only had a small flash lamp, a 25 watt second. I didn’t have the determination to buy a big one. If I had it would have worked because after Maiman had published his result, first of all, I worked with some others and we verified the properties predicted for the laser, the coherence and directionality and so on, which Maiman hadn’t at that point. Then I thought maybe I ought to go back and try the dark ruby. I asked Al [inaudible], who was my boss and a very good boss, did he think I should try that. He said, “You owe it to yourself.” We did it and it worked. It was the same rod. Again, I feel I was stupid not to have done it before, but as they say, you can’t win them all. 
MR. LARSON: Yes. Well that’s a very fascinating story, how all of these things got unraveled eventually. 

DR. SCHAWLOW:  Yes. It was very exciting when we got our first ruby laser after [inaudible] had built his. We knew what to do and we went ahead and built the, there were several other people, two groups that were doing it, building them. [Robert] Collins and [Donald] Nelson in the physics section, [Geoffrey] Garrett and [Wolfgang] Kaiser who were I think in chemistry, I’m not sure. We, I wasn’t involved, and then it just looked like so much fun I couldn’t resist. They needed a good spectrograph so they came down and worked with my spectrograph and I got involved. Of course, we were arguing what should we do next, you know. It was very fragile. We had metal coatings on the ends and they would blast off after a few shots. One of the things though was the ruby rods we had were some of scrounged from the people in masers and they were very poor quality, highly strained. We had a flash lamp, just like the one that had been shown in the photograph with [inaudible]. Later on, I learned that wasn’t the one he actually used. I heard two stories about it. A year later, Ernie Danes told me it was, that one was used in the picture because all the ones they actually used were broken. 
MR. LARSON: Oh.

DR. SCHAWLOW:  [Inaudible] later said that the photographer felt that it looked better. 

MR. LARSON: Oh yes.

DR. SCHAWLOW:  Whatever it was, he was vague. He said he used a crystal of centimeter dimensions.

MR. LARSON: Oh yes.

DR. SCHAWLOW:  That was obviously a General Electric FT-524. You can see the size of the rod. So we used lasers using the same flash lamp. This lamp was rated at 4,000 volts, 400 micro-fares. What is that? Thirty-two hundred joules, I think, or something like that. Anyway, we tried this miserable rod and it did not [inaudible] at 4,000 volts. So knowing its threshold effect, what have we got to lose? We raised the voltage. At 4,200 volts, it worked. 

MR. LARSON: Oh, amazing. 

DR. SCHAWLOW:  It was really very worthwhile to be a bit rough with the apparatus. A few years later, when I came to Stanford, one of my very good students, John [inaudible] was building an early dye-laser, and it didn’t work. He’d brought the lamp up to its rated voltage. I told him this story. Why don’t you over rate the lamp a bit and see what happens. The most you can do is blow out the lamp. He did and it worked. 

MR. LARSON: Well, that’s…

DR. SCHAWLOW:  It was a very useful experience for him.

MR. LARSON: Yes. That’s right. 

DR. SCHAWLOW:  So, sometimes, particularly for the laser, since there is a threshold, if you’re below it’s hard to know. Suddenly, it’s all very clear.

MR. LARSON: There are so many phenomena in nature where you go along and then all of a sudden you reach a certain point and all, for instance, electric chemistry and electric chemical potentials, well, even criticality and all the rest of these things. There are so many phenomena in nature that you have to hit that optimum or necessary threshold before…

DR. SCHAWLOW:  That was certainly the case there. We did things very crudely. I liked to improvise and people there did too. The flash lamp, well, it was just, we put cardboard around it, but still a lot of light would fill the room when you flashed the thing. So we didn’t see the beam, if there was a beam. Maiman suggested that there wouldn’t be a beam because of reflections from the sidewalls of the crystal. There might not be, however, he had shown that there might be a sharp increase in the output. Well, we thought, oh, that’s easy. We’d just leave the sides of the rod rough round, not polished. So we set it up, but we were busy measuring other things. Finally, one night, I just could not sleep. I had to know whether that thing was giving a beam or not. So I got in there and I said to the guys, “You best get the hell out of the way. I’m going to find out about this.” We just directed it at a camera with some Polaroid film at the back, something like that. We saw that we got a small spot, which showed that it was directional, as we predicted it would happen, degree of divergence. We didn’t see this beam. We didn’t know if you could see the beam. About a week later, two amusing things happened. The other group, Garrett and Kaiser got theirs going and they got a beam also. Their rod was polished and we didn’t understand that at first. Later on, it turned out to be a rather sophisticated thing. Theirs had a focusing effect of the pumping light by the sidewalls of the rod. So actually the intensity was greater on the axis near the walls. So the material was still absorbing near the walls and the reflection from the walls doesn’t occur when it’s amplifying at the center. Later, that led me to invent another device, the clad rod where you have a clear outer section and a ruby core and Lindy actually made up some of these clad rods and they did indeed have lower thresholds because the outer part, the clear part focused the light in the center. We hadn’t actually seen the beam because of so much stray light, but a little later, I think it was Garrett, Kaiser and [W.L.] Bond who was working, boxed in theirs and then we did ours, and yes, you could see the spot. We had to know whether you could because it only lasts half a millisecond or less and it also was very deep in the red and your eye is 200 times less sensitive there than it is to green, but the spot is very visible [inaudible]. That was exciting to actually see the spot. Another thing that we discovered in there, remember I told you that I bought the most expensive oscilloscope I could find in the catalogue and it turned out to be wonderfully usable because George Devlin, the technician who had wonderful instincts asked us, “Is there any sign of relaxation oscillation?”  So we looked carefully with the oscilloscope and the light out and there seemed to be a little bit of spikiness on it, but we had this duel beam oscilloscope and we could set one beam to look at a small portion of the pulse and delay by the right amount for the other. We could see indeed there were microsecond pulses within this millisecond burst. So it really was a series of short spikes. So having the right equipment we were able to discover this spiking phenomenon which occurs in ruby lasers. So we quickly, we wanted to check the coherence and we tried to get two slits cut into the ends of the mirrors. It took time to get mirrors evaporated. We finally got a one slit diffraction pattern. We had a definite cut off. We were going to submit this paper on a certain date with whatever results we had because we felt it was a competitive field then. Turns out it wasn’t that competitive, but we got the single slit diffraction and then the next day we got the two slit diffraction. I dropped out and let Collins and Nelson publish that one themselves showing that the light was coherent, directional, and we also showed that it was monochromatic, all these things that we predicted in our theoretical paper. That was an awful lot of fun, new things happening every day. Then however, I started getting offers from universities. I think there were eight universities that approached me within the next year. Stanford made me an offer that I couldn’t refuse. I decided that it was a good place to come. Partly, it was good university, partly also, I had an autistic son who was born in ’56. He was about five years old in ’61 and New Jersey didn’t have a medical school and there wasn’t really any help for him there, any schools or anything. It turned out that Bob Hofstadter here had an autistic daughter. He’s a colleague at Stanford. He and his wife and others set up a day program for people like that. So that was a big inducement to come up to Stanford and I also had the feeling that I wanted to leave Bell because there I worked just with my one technician. I think if I had a group I would have tried to build a laser, but I didn’t ask for one and nobody offered one. But here I would have students. I really agreed with the Bell Labs policies that you shouldn’t have physicists working for other physicists because they are creative people and they want to be independent, but students need you for a little while and you get really first-rate people when they are young and inexperienced and it works out well. It has been nice working with some students. Some of them are already very distinguished in their fields. 
MR. LARSON: Yes. Of course you came to Stanford in a period in which so many of the different fields at Stanford were being strengthened and made into powerful departments. 

DR. SCHAWLOW:  Well, our department was small and stayed small. It didn’t actually get any bigger. We were losing people just as fast as we were adding them. We were one of the few departments in the country that didn’t expand in the 1960’s. One of the reasons was because they always had an understanding that the academic year salaries would be paid by the university in its entirety. Then many university started splitting salaries. Science departments paid, charging some to research. Well before I had come there had been a bitter fight and the university had wanted us to do that and expand as some departments had, but the department decided, no, that the professor should be able to just sit and think if he wanted to, if he did his teaching. So we didn’t expand at all. I was really again by myself and I was used to working by myself. People said how in the world can you compete with Bell Labs. I won’t compete. I’ll just do something different. I really had the feeling at that point that any idea I had, I had so many ideas, that any of them I could take and work on them, that’s fine. I had others that people thought weren’t worth working on. They weren’t all earth shattering, but they were good things. We didn’t really work much on lasers. We did some laser work in the ‘60’s, but we mostly worked on the questions of solid state physics related to lasers, even got into magnetism. We discovered spin wave side bands in magnetic materials. Then I had some very good students. We did some work on high powered lasers. John Emmett was a student. He’s now the director of the laser program at Livermore. John Holzrichter who works with him there is one of the top people [inaudible], no, they are working on laser fusion and isotope separation.
MR. LARSON: Oh yes. They have built a very powerful experimental program there. 

DR. SCHAWLOW:  Well, Emmett is a great machine builder. Having him as a student was like having a tiger by the tail. He was a very nice guy, but he knew so much more about building high power lasers. In fact, he was the world leading expert on flash lamps, even when he was a student.

MR. LARSON: Oh, is that right? 

DR. SCHAWLOW:  I managed to get him a grant to get him to go to the Veranda Summer School which Charlie Townes organized on lasers in 1963, and Charlie was so impressed by what Emmett knew that he had him give a lecture and write it up on flash lamps. 
MR. LARSON: Oh yes.

DR. SCHAWLOW:  The next year the Navy wanted to, the Office of Naval Research wanted to make a tour of European laboratories working on flash lamps and they had Emmett go along with them. 
MR. LARSON: Oh yes.

DR. SCHAWLOW:  People were calling him up and consulting him all the time, but I couldn’t get him to stop building equipment and do something with it until years later. Just a couple of years ago, he told me, he said, he understood that. I think myself he really liked to build apparatus. He didn’t want to finish. He was having too much fun. He knew if he took measurements he would have to get out.

MR. LARSON: Yes. I know I visited the laboratory there at Livermore some years ago, maybe 10, 15 years ago. He was really, he certainly was an enthusiastic builder. 

DR. SCHAWLOW:  He did a great job getting a strong team together. Well, that went on during the ‘60’s. We did some work on pulse ruby lasers, but mostly worked on solid state physics, spectroscopic problems related to lasers. I had other good students like Glenn Molenhour [sp?] who got the R.W. Wood Prize from the Optical Society for developing color center lasers. I was working on optical solitons. Frank Embush [sp?] who was a professor in Ireland [inaudible]. Well, it was stimulating. I had two dozen students and it was just myself. For a while, we had an assistant professor working with us, but mostly just me and the students and occasionally a post-doc or a visitor, but the students worked to help each other. The more senior ones would help the younger ones and we had good interactions [inaudible]. All along Leonard Shift [sp?] who was a chairman said you ought to get a younger man working with you, if you would like. We could always find a place for one, but I didn’t see anyone that I really wanted. I felt we had just a few people here. It was like the Bell Labs. A few people, each running their own independent programs that were all very good. Then in 1970, I got a letter from Peter Toshack [sp?] at Heidelberg, whom I had met at a conference and he said he had this young man who was getting his Ph.D. Could I hire him as a post-doctoral research fellow? I said I didn’t have any money and so he wrote back and said well if we get a fellowship could you take him. I said all right. So Ted Hansch arrived and well, in just a few weeks you could see that the man was just absolutely brilliant. So I found someone to supplement his rather meager fellowship and two years later we made him an associate professor, and then the year after that, we gave him tenure. The year after that, he became a full professor because he was getting offers from Harvard, Yale, and Heidelberg, which was his hometown. This marked a big turning point in two ways. One was that about that time, tuneable dye-lasers came along. The early lasers, you couldn’t tune them much. There were a lot of different materials. We did actually a little work on photochemistry using a ruby laser that was tuned to different wavelengths. We could separate isotopes, but you could tune the ruby by changing its temperature, but the only substance we could find that would coincide with the rubies, since we couldn’t tune much, was bromine. This was really a very bad choice because we almost always had to undergo the chain reaction. Once we start, we did show that we could initiate a reaction selectively, but it didn’t end up selective. So I dropped photochemistry because partly I couldn’t get physics students interested and also I became aware of the dangers of isotope separation. I still have a horrible fear that someone is going to find a simple way to separate uranium isotopes and that will lead to the proliferation of bomb materials, even faster than it’s occurring now, terrorist groups for instance. So I just got out of isotope separation. I’ll leave that to the government laboratories where they can protect their secrets, I hope. 
MR. LARSON: Yes. Well, it’s a very active field, and fortunately, has proved not to be very simple. 

DR. SCHAWLOW:  Well, so far it hasn’t been. I still have a feeling that people haven’t been as clever as they might be. For instance, it’s very simple to separate chlorine isotopes. You could do that in your garage very easily.
MR. LARSON: Oh yes. That’s right. 

DR. SCHAWLOW:  But uranium is hard to vaporize and hardly selective.

MR. LARSON: I believe mercury isotopes were early…

DR. SCHAWLOW:  Oh yes. Even before lasers.

MR. LARSON: …found. Before lasers even.

DR. SCHAWLOW:  With a mercury lamp.

MR. LARSON: Yes.

DR. SCHAWLOW:  Mercury iodine reaction. Yes, that was the whole idea. That was one of the few applications that we had in mind where we worked on lasers and we didn’t try, and I didn’t really think about application. We didn’t need to. We knew the history of shorter wavelength and it would be useful. We thought vaguely that we might use it for spectroscopy and because of the interaction with Union Carbide, Carbide, Carbon Chemicals, we thought of isotope separation and photochemistry. We didn’t know what the properties would be. I think it was very important that we didn’t have a specific application in mind because that would have imposed additional requirements that might have made it impossible. You just had to do what you could do and then later you could extend it. In fact, just after we wrote our paper, Rudy Coffner [sp?], who was a very brilliant Bell Labs man said, “But you haven’t solved a real problem which is the far infrared,” which that did come out of our work. It’s true, we did do that first. We did the near infrared or visible. So we didn’t think about applications of vaguely chemistry being a useful one. Well, anyway, we got tuneable lasers. The dye-lasers were developed by Stephenson, no, by, sorry, not Stephenson, [Peter] Sorokin and [J.R.] Lankard at IBM and by [Fritz Peter] Schafer and his associates in Germany and then people at YBCO showed you could do a pump nitrogen laser, which they were willing to sell commercially. Those were the first nitrogen pump dye-lasers. We managed to save some money and bought a nitrogen laser just as Hansch came, we got that. It wasn’t very narrow band, but Hansch found ways of making it narrow band. So we could really do some spectroscopy, high resolution spectroscopy, and could tune to the wavelengths that you wanted. Also he discovered the saturation method of getting rid of Doppler broadening. So we just dropped all this work on solids and went on to work on atoms, particularly he worked on hydrogen. I worked on other atoms and molecules and simplifying the spectrum and that’s the sort of work that lead to the Nobel Prize. Although, they clearly had in mind the fact that I was one of the co-inventors of the laser. They mentioned that. They offered, the director of the Nobel Foundation told me that it had been a close thing in 1963.  
MR. LARSON: Oh yes. 

DR. SCHAWLOW:  ’64 rather.

MR. LARSON: But that’s…
DR. SCHAWLOW:  Close enough doesn’t count.

MR. LARSON: Yes. I’ve forgotten just how the citation, I’ve read the citation several…

DR. SCHAWLOW:  It says, “For the contribution to the development of laser spectroscopy".

MR. LARSON: Yes. I’d forgotten just what the wording of it was. Sometimes the wording has to be very careful and very subtle.

DR. SCHAWLOW:  Yes, it was very interesting. [Nicolaas] Bloembergen, who I shared the prize, was certainly a very brilliant person and absolutely deserved the Nobel Prize, but it’s a little peculiar that they gave it to him also for contributions for laser spectroscopy because his work had been mostly on non-linear optics. Of course, he had invented the solid state maser earlier, too, which in itself was certainly deserving of the Prize, but they told me that they couldn’t divide it under too many subjects. They had to have some unification. So [Kai] Siegbahn got it for electron spectroscopy and Bloembergen and I for laser spectroscopy.

MR. LARSON: Oh yes.

DR. SCHAWLOW:  That’s fine. 

MR. LARSON: Yes.

DR. SCHAWLOW:  So we had a very interesting 10 or 15 years doing work on laser spectroscopy and things like simplifying complicated spectra. Of course, all the time you worry that you have the chemists looking over your shoulder. It reminds me that in 1970, just really before we got into this tuneable laser business, I was asked to give the Richtmyer Lecture to the American Association of Physics Teachers and the American Physical Society, at the joint annual meeting. I chose my topic, “Is Spectroscopy Dead?” Because that was the fashionable view, that it was dead, something that physicists didn’t work on anymore. I asked various friends, “what did they think about that?” You know, get some ideas. Felix Block, I thought he might ask me, “What do you mean by spectroscopy?” Because there was mass spectroscopy, all kinds, infrared, ultraviolet, gamma ray spectroscopy, but he said, “What do you mean by dead?” that was easy. I said, “Oh, turned over to chemists.” That’s what had happened to microwave spectroscopy, and it also happened to nuclear resonance. In fact, Felix Block told me an amusing story that Carl Djerassi asked him to give a talk to the chemistry department colloquium on the beginnings of, discovery of nuclear induction. Djerassi told Block, “Just tell us about the beginnings. The rest we know much better than you.”
MR. LARSON: Oh yes. That’s typical of the sort of statement that Carl Djerassi sometimes makes.

DR. SCHAWLOW:  Well, that really happened to micro spectroscopy after our book was published. Townes got out of the field, and I was on superconductivity. Physicists stopped working on it and it just became chemistry. Of course, the chemists know much more about molecules. For a while, physicist could lead them because only they knew how to build the equipment, but now we have some very good physical chemists, like my colleague Dick Sayer [sp?] in the chemistry department, who could build better equipment than we can. So you have to be worried about whether you are getting involved in problems that the chemists can solve better than we can. But so far there are some interesting applications to fundamental physics, particularly in the study of these very simple atoms and I think also in unraveling the structure of the more complicated ones. So every year of course it’s something new. You have to be prepared to change and I’m very lucky that I had the chance to change dramatically after I got my Ph.D. and then again when I went to Bell Labs. I sort of had new challenges. I think that’s very good for a young scientist because it’s really bad when a student repeats his Ph.D. thesis all the rest of his life, although it’s tempting to do that. 

MR. LARSON: Of course that has taken place throughout the history of science. In fact, in the 1920’s, it turns out that a number of the people who became famous in the quantum physics started out in chemistry. Well, people like…

DR. SCHAWLOW:  Robby did.

MR. LARSON: Robby, [Eugene] Wigner, and many others, started out as chemists and later changed.

DR. SCHAWLOW:  Well, physics and chemistry are very closely related, but there are things that a chemist knows that I don’t know. I remember Charlie Townes told me once he had a conversation with Gwen [sp?] who’s at Cal Tech or UCLA I’m not sure, a very distinguished chemist. He said, “Aren’t you worried about the physicists in this field being tough competition?” Gwen said, “Oh, no. We know molecules that physicists have never heard of.” 

MR. LARSON: There are so many spectacular advances in both fields that intertwine with each other. It’s hard to sort some of these things out. 

DR. SCHAWLOW:  Well, it is and it is certainly good that we can talk some common language. There is certainly a lot of stimulation both ways, but still, physics has the mission of dealing with the basic laws of the structure of the matter and energy and the way things are put together. I think the task of physics is not just to understand the proton or the hydrogen atom even, but to understand the universe. I think that there is a lot, a very rich field and working gradually toward greater complexity, not jumping right to the DNA molecule, but really understanding the atoms and molecules. For instance, there are some surprising things. Even sodium, which you think of as one electron outside a whole shell. The D levels, the fine structures all inverted, every D level of a fine structure is inverted and the reason it’s now understood is the polarization of the core electrons is enough to break the fine structure. If you only work with hydrogen, you would never know there was such a thing as an exchange, for instance.
MR. LARSON: Oh yes. 

DR. SCHAWLOW:  So I feel that I see my field at the moment as trying to explore things of slightly greater complexity that we can understand deeply from the fundamental principle as well as developing new techniques. I really had a lot of fun developing new techniques the last 15 years. 

MR. LARSON: It’s been a very rich field for discovery also, the last…

DR. SCHAWLOW:  Yes, it has. I think it’s hard put to say that we have made the great discoveries with lasers. They become indispensable tools in physics, chemistry, and biology. They have done a lot of nice little things, but I really expect that sooner or later there will be some major breakthrough which hasn’t yet occurred through the use of lasers. They can do some wonderful things. We showed some, in fact, we can detect just a small number of sodium atoms, as few as 100 atoms per cubic centimeter by resonance fluorescence. Of course, people at Oak Ridge, Sam Hurst and his group, have gone down to seeing single atoms. People at Heidelberg, [inaudible] and Toshack have photographed single atoms, single barium ions held in a trap. That’s been another rich field.
MR. LARSON: Oh yes. 

DR. SCHAWLOW:  I think there will be some important discoveries made there. I don’t think we have made them yet though, at least not by my standards. 

MR. LARSON: That’s wonderful to express that particular point of view because there are a good many people that seem to think, well, there are certain periods of history where there are a tremendous number of discoveries and then they taper off and so forth, and that we are now in the tapering off process, but you don’t feel that way.

DR. SCHAWLOW:  I hope not. I can’t prove it. For instance, every year they have the Nobel Prize winner and have a panel discussion, the one for sciences is in the Swedish television studio. It’s very carefully prepared.  Dr. Fulbright, [inaudible] who’s a master of summaries comes around and interviews, visits them, interviews them, but he always asks them two questions. One is: do you believe in scientific intuition and what is it? And the other one is what field do you think we’ll be giving a prize in the year 2000? I just can’t answer that one at all because I think the most important, the most interesting discoveries in physics will be the unexpected ones. Anything you expect is somewhat discounted. So we just, we know some broad problems, but it’s a new twist, it gives you a whole new framework for looking at things that’s really important. 
MR. LARSON: Yes. I know from time to time, these books come out predicting what life is going to be like in the year…

DR. SCHAWLOW:  There almost always wrong.

MR. LARSON: …1980, 1990, 2000. The only one that’s safe is, I believe, the one that Darwin wrote when he said, the son of the famous Darwin, the next million years and so forth. That’s a safe book to read.

DR. SCHAWLOW:  Nobody can check on that.

MR. LARSON: Nobody can check on that, but the others have been mostly, it’s surprising how many of them have missed. What was it? There was a famous survey that was made in about 1920, I believe, whereby all the scientists got together to predict what the big discoveries were going to be in the next 50 years and they missed almost all of them. 

DR. SCHAWLOW:  I think that’s so. The discovery of the neutron was really quite unexpected. It’s the unexpected thing that really makes life exciting. 

MR. LARSON: Oh yes.

DR. SCHAWLOW:  Of course, it’s hard to know. Doing science in a way isn’t easy. There is always something to discovery, but you never know if there is anything important around the corner or not. You have to develop good instincts to try and have a feel for what’s a worthwhile feel. Sometimes you just have to get in and dig and do something new, whether it’s important or seems important, or not. You can’t predict the important. You don’t know the uses. One good example of that is people sometimes ask me if I’m ashamed for having helped invent the death ray. 
MR. LARSON: Oh yes.

DR. SCHAWLOW:  Well, I don’t think they have any militarily useful death rays yet, even now.

MR. LARSON: Far from it.

DR. SCHAWLOW:  But one of the first applications for lasers was for surgery on the retina of the eye. 

MR. LARSON: Oh yes.

DR. SCHAWLOW:  …to prevent retinal detachment. Neither Charlie Townes nor I had heard of a detached retina and had no idea that you could use a laser for that. Of course we didn’t know if our laser would be powerful enough, but we’d been trying to prevent blindness. We’d been fooling around with the stimulated emission of light from atoms. You do your thing and somebody will add something to it.
MR. LARSON: Oh yes.

DR. SCHAWLOW:  You can’t predict it. 

MR. LARSON: That’s a very extensive medical use for lasers now.

DR. SCHAWLOW:  Oh yes. They use them in all parts of the bodies now. They use them for eye surgery to prevent leaky blood vessels that cause blindness. They treat people with diabetes. I’m an honorary member of the Gynecologic Laser Society, which is a society of engineers and doctors working on special organs of women. I joke that this obviously entitles me to examine any woman’s laser. 

MR. LARSON: Yes. Well, this is… Lasers have had such a tremendous, both popular appeal and the applications have been really, really amazing. What do you regard as being the most important application of the lasers?

DR. SCHAWLOW:  Well, it depends on important to who. One of the things that I have learned about applications is it’s like pushing a piece of string. You can’t do it. You have to pull it. You have to go to the users and find out what the needs are. I mentioned the eye surgery. The eye doctors knew about if you put a flash of light from a bright xenon lamp you could produce this effect, and it was just a better light for them. That was obvious. 

MR. LARSON: Yes.

DR. SCHAWLOW:  Well, I’m very pleased, of course, by the surgical application. It seems to be very useful and the big issue still is in alignment, surveying, for aligning things, getting straight lines.

MR. LARSON: Oh yes.

DR. SCHAWLOW:  Of course the one that pleases me the most is the tuneable lasers for spectroscopy for studying the fundamental properties of atoms and molecules. 

MR. LARSON: Yes.

DR. SCHAWLOW:  It probably will lead to some new laser material and perhaps some other unexpected devices. You know, I can’t say what’s most important because it depends on who you talk about, whose needs you are filling.

MR. LARSON: Well, the tuneable laser must be a wonderful tool for chemistry research.

DR. SCHAWLOW:  It is and for physics too. There are all sorts of things like the stimulator [inaudible] effect and coherent electron scattering. It certainly has opened up a lot of new fields for chemistry. I think, of course, the laser [inaudible] chemistry has been a little disappointingly slow coming because it is exceedingly complex. When you excite a particular level and there are a lot of relaxation channels. I think it will continue to grow as people explore it. There will be a take-off there, I think, one of these days and they will find something very useful that they can do that will be worth the high cost of laser light. It will become a useful process for chemistry or biochemistry.
MR. LARSON: Now with regard to your present work, you have a number of graduate students, of course, working with you. How would you describe, I know it’s difficult, how would you summarize your chief interests as of this particular point in time with your students.

DR. SCHAWLOW:  Oh, I’m still looking for new things to do. We’re, actually, I have very few students at the moment. I had a lot of students at one time and then gradually they went down. I graduated them. I had three of them finish in ’83 and then for a while I didn’t have any students. Perhaps I was away too much. I had been president of the American Physical Society and a lot of other national offices, giving talks all over the place. Now I have two students and we are sort of starting in fresh. We’re trying to develop some new methods of laser spectroscopy. I’m interested in trying to get better sources. It’s still frustrating to me that even now we don’t have a good continuous wave source that is visible. The best one is extremely inefficient and their power is limited to a few watts.

MR. LARSON: Oh yes.

DR. SCHAWLOW:  So I’m trying to explore for methods of up conversion, longer wavelengths to shorter wavelengths. 
MR. LARSON: Oh yes. That would be a wonderful…

DR. SCHAWLOW:  Using resonances.

MR. LARSON: …new thing to have. 

DR. SCHAWLOW:  I don’t have the answers yet. We’re still asking questions at this stage.
MR. LARSON: Yes.

DR. SCHAWLOW:  So we’re exploring new methods of laser spectroscopy and also trying to find methods of conversion from longer wavelengths to shorter wavelengths. It’s a good conversion of modest power level. 

MR. LARSON: Yes. Well, you mentioned also the fact that you participate in scientific societies. I think that’s always a very important part of the activities. You’re president of the American Physical Society. You mentioned other…

DR. SCHAWLOW:  I was president of the Optical Society, too. I’m the only living person who has been president of both of those societies. [Floyd] Richtmyer was back in the ‘30’s.

MR. LARSON: Yes.  

DR. SCHAWLOW:  But I was also for a while just loaded with things. I was chairman of the U.S. National Committee for the International Union of Pure and Applied Physics [IUPAP]. I was chairman of the commission for the IUPAP Commission on Atomic and Molecular Physics and Spectroscopy and earlier I had been chairman of the physics section of AAAS, the American Association for the Advancement of Science, and chairman of the division of Electron Atomic Physics of the American Physical Society. I kept out of the government reveries mostly by refusing to get a clearance. Otherwise I would have been on every laser committee.
MR. LARSON: Oh yes. 

DR. SCHAWLOW:  Also, I don’t want any secrets that I can’t share with my students. So I haven’t been commuting to Washington like some people do, but there was a time when I was really very busy with scientific societies.

MR. LARSON: Yes. Well, your continuing work on the basics of this is enough to keep one man and his students overwhelmed, you might say. 

DR. SCHAWLOW:  The number of articles is enormous. Recently, we got an account of the Lockheed dialogue information system. They use our microcomputer to access it. So for the heck of it I asked them how many articles with the keyword laser there were and they had two sections. One, I think, had ‘66 to ’75, I think, and there were about 28,000 there, and the other ’76 to present, there were 68,000.

MR. LARSON: Oh, that’s fantastic. 

DR. SCHAWLOW:  Originally, we read every scrap, every newspaper on lasers. It’s hard to put your head outside your own special field. It’s hard on scientists. You start in your field and it’s only you and a couple other guys and then it’s a huge amount. You have to keep saying, “I’m not going to look at that any more. I’m going to have to narrow my view.” And yet, you have to keep looking at the horizon or you’ll be in a rut. 

MR. LARSON: I remember starting work in radioactivity back with Lauritsen electroscopes and stuff like that, the little things that you could do. You keep up with all the publications. Today, there are just thousands of publications in the field, but this has been a very interesting summary. I was wondering if there were any concluding remarks that you would, in general about this field, or physics, or general observations in science that you would like to leave with us. 

DR. SCHAWLOW:  Well, I think I’ve made most of my observations. 
MR. LARSON: Yes. 

DR. SCHAWLOW:  I would reiterate the fact that we all overlook things. You have to keep looking to do things. One of the other things, too, is I found it very easy to enter a new field, in fact, some ways easier than continuing in the old field, because you never have to know everything that is known to make a discovery in science. All you have to do is recognize one thing that isn’t known. You have to realize that you are looking for the gaps. You just have to read some recent papers and see what they haven’t done, if you’re looking for that. I think it’s important particularly for students to realize that, despite the huge volume of literature, there still are gaps.
MR. LARSON: There still are important gaps. That’s a very important point there. 

DR. SCHAWLOW:  It’s fun. I hope lots of other young scientists…

[End of Interview] 
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