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ARNOLD: —the second oral history discussion series. The first was done by Ernie 1 

Anderson and myself some time ago. This one is being conducted with another old friend, 2 

Devendra Lal. And also, in this occasion, the interviewer— I guess we'll call you Candace— 3 

Candace Kohl, who got her PhD with me— I looked up in 1975— who has worked with both Lal 4 

and me on many occasions since then. And so, she knows a lot of secrets. And I thought I might 5 

start by giving a little background to the beginning of this story, how we came to La Jolla, to 6 

UCSD, and started doing the things we did.  7 

Of course, I got into the work on cosmic ray produced isotopes with Willard Libby doing carbon 8 

dating and that was wonderfully stimulating and exciting. And after that was over there were a 9 

lot of things one might have done, but I didn't really want to give it up and I also didn't want to 10 

compete with him and Han Seuss and others who were doing it. So, in the course of looking 11 

around for things that I might be able to do and would find interesting to do, the next two 12 

isotopes on any fairly obvious list of likely isotopes to study made in the Earth's atmosphere 13 

were two isotopes of the element beryllium— the fourth element in the periodic table— beryllium 14 

7 and beryllium 10. Beryllium 7 has a half-life of 53 days, very much shorter than carbon 14. 15 

And since these isotopes are made like carbon 14 in the upper atmosphere, mainly, the 16 

interesting application we had in mind, which to some degree actually happened, was to use 17 

beryllium 7 as a tracer for atmospheric movements. So, at Chicago— where I was in the early 18 

1950s starting my own program— we set out to do that. The more interesting one was beryllium 19 

10 with a half-life now known to be one and a half million years or 1.4— I'm not sure, what is the 20 

best half-life now? 21 

KOHL: One and a half. 22 

LAL: Yeah it is still one and a half – holding on that. 23 

ARNOLD: Okay. Anyway, but that seemed harder. I think that was correct. And so, we did 24 

the beryllium 7 first and we looked for it in rainwater. And Chicago is an industrial city, the 25 
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rainwater was very dirty— grimy— but we found a roof belonging to the university with a drain 26 

pipe. And I had a very nice Iraqi technician Hussein Ali Al-Salih [?]. And he and I, whenever it 27 

started to rain, we would go off to this building with containers, and we would collect, I don't 28 

know, 20 liters or something like that of rainwater and take it back to the laboratory to separate 29 

out beryllium 7.  30 

That turned out to be a fairly easy problem. And so, we were able to publish on it rather soon. I 31 

had some adventures in that process, but this is not that story. I'll go on. And we started then on 32 

beryllium 10 about the time I moved to Princeton in 1955. And that was my first interaction with 33 

people here at the Scripps Institution, because it was Ed Goldberg and Gustaf Arrhenius— who 34 

are still colleagues and friends— who provided me with cores from the deep sea, because that 35 

seemed to be— and was— the best place to find beryllium 10 since the sediments accumulated 36 

very slowly on the ocean bottom, and therefore each gram of sediment contained a relatively 37 

large amount of this cosmic ray produced isotope. And sometime around 1957— early 1957— I 38 

was able to extract the beryllium 7 and took it through the kindness of Tom Sugihara who was 39 

then at Clark University— former Libby student, another old friend— to his counting equipment 40 

in western Massachusetts, and counted it and everything was as it should be. And we published 41 

that.  42 

I had two students at Princeton, two excellent students, John Merrill and Julian Shedlovsky. 43 

John's PhD was to measure the concentration of beryllium in seawater because we needed that 44 

in order to understand the geochemical cycle. We came out to La Jolla in the summer of 1957, 45 

he and I and my family, and we spent that summer working on this problem of getting 200 liters 46 

of seawater. But I need to go— and the other was Julian Shedlovsky— but I need to go back 47 

because before these two students joined me, Dr. Honda joined me, and he's an essential part 48 

of the story.  49 

This was a very lucky period of my life. I was leaving Chicago when my friend and colleague 50 

Tony Turkevich brought me a letter from Dr. Honda, who had been spending time— had gone 51 

from his position at the University of Tokyo as an assistant professor and he had settled down in 52 

Bern, Switzerland with Houtermans and Geiss and Everhart and all that good crowd of people. 53 

But he found that although that was a wonderful place to work, Houtermans was not much 54 

interested in chemistry and chemists. And so, it was difficult for him. And he knew of Tony 55 

Turkevich so he wrote to Tony and asked whether there would be a position in Chicago. And 56 

Tony didn't have any money, so he knew I was moving and he brought me the letter and asked 57 
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if I had any interest. I looked at the letter, and I noticed that among his publications, he had 58 

done some things with beryllium, which is a rather unusual isotope. So, on that basis, I thought 59 

it would be nice to have someone in my laboratory who really has worked on beryllium. So, I 60 

wrote him and asked him to join me and he came. 61 

I'll never forget, he arrived in New York and took the train for Princeton, but he missed the train 62 

and he landed in Trenton, which is the next city farther down. He had my telephone number, he 63 

called me. I advised him to take the bus to Princeton, it was raining. I met him at the bus station, 64 

and took him to our apartment and he spent the first night in the United States in our 65 

apartment— slept in our living room on a couch. And we then came over to my laboratory. It 66 

happened that I was very busy that week, I suppose with my teaching, but I found it a little hard 67 

to find him a project and he became impatient, reasonably enough. So, when I noticed that, I 68 

gave him an air filter to analyze which had been used by some friends of the Naval Research 69 

Lab for a large collection in Pasadena in the Rose Bowl of air both devoted to smog— of solids 70 

in the air— and to fission products. But I had the idea that sodium 22, which is another cosmic 71 

ray produced isotope in the atmosphere, would be cumulated sufficiently. And I gave him this 72 

sample and suggested that he should separate cesium 137, which is a fission product of similar 73 

chemistry, and sodium 22 salts and then we could count them with our gamma ray detectors. I 74 

gave it to him, I remember, in the morning; five o'clock in the afternoon, I see him putting some 75 

white powders into vials and labeling them. I asked him what that is and he said, oh, he's 76 

finished now.  77 

Now, I had been trained by Nathan Sugarman in Chicago, and I thought I was pretty good and I 78 

thought Nathan Sugarman was about the best in the world. And I had calculated that this would 79 

keep him busy for a week. Let me say that was my first introduction to the fact that this man was 80 

the best laboratory radiochemist I will ever meet in my life. I could not hide my disbelief, and I 81 

think it's one of the very rare occasions where he could not hide his annoyance or anger that I 82 

was expressing doubt. You know, Japanese tend to be polite, but Masa was a very gentle man. 83 

Anyway, I went away kind of stunned. And that was the beginning of our real acquaintance. I've 84 

always been glad that I finished the beryllium 10 work— discovery— before he came, because 85 

those are my credentials as a laboratory chemist. Ever since, either he or his students, 86 

particularly Kuni Nishizumi; people that he is— even my own students, like Bob Tinkle [?]— that 87 

he has trained. I don't compete with those people in the lab. 88 
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Okay, well, now come forward to again to John Merrill's thesis. There was a very big problem in 89 

measuring beryllium in seawater, and that is that seawater is not pure water. It has three point 90 

something percent of salts. And the beryllium we knew at the start had an extremely low 91 

concentration. And the question was, if you needed to extract beryllium as we calculated from 92 

something like a 200-liter sample, how could you separate the beryllium out of this huge thing in 93 

the presence of all this other stuff? So, I gave him that problem. And that took him a little longer, 94 

I think maybe 10 days or something like that. He started doing strange things in our lab, which I 95 

now learned not to ask him any questions. And at the end he showed us what he was doing. He 96 

had invented what we always now call the Honda column and which is not an ion exchange 97 

column. He had written books on ion exchange, he made his own ion exchange resins in Japan, 98 

but the Honda column is not an ion exchange column it's a precipitation column. He took an ion 99 

resin, loaded it with iron salts or with iron or with manganese— I think those were the two that 100 

were tried. Then precipitated ferric hydroxide or manganese dioxide. And then these insoluble 101 

compounds picked up by let's call it adsorption the similarly insoluble beryllium compound— 102 

beryllium ion. And the capacity was not very large, but the specificity was and is amazing. That 103 

was the solution to our problem.  104 

So then, now, John Merrill and I came to La Jolla in '57, we got the 200 liters of seawater, and 105 

John separated it using the Honda column— a very little thing about four cubic centimeters— 106 

and the 200 liters was put through that over a period of a few days and that retained all the 107 

beryllium, we believe. Indeed, that's been verified subsequently. And thanks to the help of 108 

Norman Nachtrieb, a former colleague in Chicago, we were able— he was able— to actually 109 

measure and see the signal, the spectroscopic signal of the beryllium in his apparatus, and 110 

John was able to finish and publish his thesis. Something times 10 to the minus 13 parts of 111 

beryllium and seawater, which was in those days an amazing achievement.  112 

The other student was Julian Shedlovsky. In Julian's case, I did something much worse than 113 

giving him a very hard problem, I gave him an impossible problem. And I wanted him to 114 

measure manganese 53 and manganese nodules in the deep sea. And neither he nor I realized 115 

until quite a bit into his thesis, that with the equipment which we then had, which was a liquid 116 

scintillation system, it was impossible. But we did realize that after Julian had been there for 117 

more than a year— and I was terribly embarrassed, as I should have been— and gave him a list 118 

a la Libby, a list of about a dozen projects— and invited him to take his pick. And he looked at it 119 

and since he was interested in manganese— this is what drove him— he said, "Well, one of the 120 

projects was to look at cosmic ray produced isotopes in meteorites." And the particular thing that 121 
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interested him was that if you take an iron meteorite, there simply had to be a lot of manganese 122 

53 in it. And it was already known that there was very little stable manganese in the iron. So, he 123 

did not see and I did not see how it would be possible to fail to detect manganese 53 in that by 124 

direct counting, which was all we thought of at that time.  125 

So, I said, “Fine, go do it.” And I sent him to New York, because I'd grown up near New York, 126 

and I'd been at the American Museum of Natural History in New York many times and seen all 127 

the iron meteorites there. As a child, in fact. And Julian went to New York and talked to Brian 128 

Mason, who was the curator at that time, and came back with a slice of Williamstown. And we 129 

were— Honda and I— gathered around and we all looked at this. And Julian developed the 130 

chemistry with Honda's help to separate the manganese. And that was the beginning of our 131 

involvement— actual experimental involvement— with meteorites.  132 

I might mention an earlier aborted project, which I had thought about the beryllium isotopes and 133 

it had occurred to me that if you could measure both the short-lived and the long-lived early 134 

isotopes in a meteorite, you would be able to test the constancy of the cosmic radiation by the 135 

ratio. That actually had led to a first talk with Ed Henderson at the Smithsonian in Washington. 136 

And the Sylacauga meteorite fell almost immediately afterwards, and I read that on the front 137 

page of the New York Times, so immediately, “Oh, wow!” But as you remember, both of you, 138 

and the people listening may or may not know, Sylacauga is the only meteorite that ever— as 139 

yet recorded— struck a human being. And the poor woman who was hit on the leg with this 140 

thought that the meteorite should belong to her. And I had great sympathy with that. But she 141 

was in a rental apartment and the owner of the apartment thought that the meteorite should 142 

belong to him and there was a lawsuit which was not compatible with a 53-day half-life. So, I 143 

had early learned that getting hold of meteorites was not a trivial problem. There's a first 144 

example of a story I didn't think of before I came in here.  145 

Anyway, this has gone on. We went somewhat far with that. And we got some other meteorite 146 

samples which we bought from Ward's natural history establishment. And then we came to La 147 

Jolla. In the fall of '58, the Shedlovsky family and the Arnold family arrived here. We had a 148 

cottage on the hill above Scripps Institution, which is all there was, and the Urey's were two 149 

doors down from us in another little cottage which actually was normally occupied by Hans 150 

Seuss, but Hans was in Europe then. And all our laboratory equipment from Princeton had been 151 

purchased by UCSD, trucked out here. The only thing that was wrong was that the lab was not 152 

finished. I've learned since that that is a universal fact that labs are never finished when the 153 
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person expects but at the time this was a little bit disturbing. And so, we had to kind of sit 154 

around— Julian and Masa and I— and talk. And now I think it's time for Lal to tell us his 155 

adventures up to this point. 156 

LAL: Can we stop it for a minute? Just give me half a minute to start ___ [inaudible]. Thank 157 

you, Jim, for giving me the chance to participate in this history session. As you mentioned, our 158 

collaboration goes back to a long time, over more than 40 years. And we have been working 159 

together closely since, except for some breaks here and there. But our collaboration has 160 

resumed many times in these last 40 years. It is generally very, very dangerous to go back and 161 

look at one's own career and I have never done that, as you know, and we, actually, we both 162 

have never done that. We have been always so busy with the future projects that we didn't do it. 163 

And I haven't done this because I'm always afraid that if one does that, maybe sometimes one 164 

doesn't come back to this, does remain in the past.  165 

ARNOLD: Doesn't sound like you, Lal.  166 

LAL: But I'm very happy to do this because I know without looking back how grand our whole 167 

collaboration has been both scientifically and socially. Actually, I started my research career in 168 

1949 when I joined TFR. So, I worked at TFR for about 10 years.  169 

ARNOLD: Tata Institute for Fundamental Research. 170 

LAL: Yes, that's the— sorry— that's the Tata Institute of Fundamental Research. And during 171 

the 10 years, I worked in the field of cosmic radiation. And then we were working on some 172 

scientific projects, which paralleled what Jim was doing in Chicago and Princeton. And actually, 173 

some of the things which were done in India in this field of cosmogenic isotopes were actually 174 

inspired by this work which Libby, Jim, and colleagues did.  175 

Actually, when I start thinking back to 1958— that was the time when I visited Jim, as a postdoc 176 

at La Jolla. And at that time, Jim was— Jim's lab was in the lower campus in the Scripps 177 

Institution of Oceanography. And that entire experience during that period was so pleasant and 178 

so enriching that the memories of that period itself are something which are, at least in my life, 179 

completely unparalleled. And something which I am— I reminisce sometimes about just the fact 180 

that we had this unique opportunity to visit and work with Jim and the Scripps Institution of 181 

Oceanography with a very great atmosphere which was created around that time. We had 182 

Harold Urey, and many other senior scientists who each were very active. So, that was— that 183 
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type of experience I never had again in my life. Also, as I will discuss a little later, the way 184 

science was done those days is so different from the way science is done now that that period 185 

was rather unique. And when I think about this— the past— I'm actually quite aware that next to 186 

the major influence which I had on my mode of thinking and towards developing scientific 187 

attitude by my guide, Professor Bernard Peters, you, Jim, influenced my career most— both 188 

scientifically and socially. And you continue to do so today. 189 

ARNOLD: Vice versa. 190 

LAL: This influence occurred in two distinct ways. One is, of course, during the joint scientific 191 

collaboration, and we had a great deal of science which we did together. And the other one was 192 

equally important. It was during our close social interactions with the Jim family— Louise, Bob, 193 

Ted, and Ken. And there are many, many stories which we often remember about this long 194 

association. On the social collaboration, I must mention that we were actually so close that 195 

actually I always felt I was part of Jim's family and I think I have heard Jim saying very much the 196 

same. So, it was a very mutual togetherness. Jim actually showed us the Arizona Canyon 197 

Diablo Crater, the Palomar Observatory, several comets we saw together. We saw the first 198 

manned Apollo lunar landing in his TV in his living room. And to go back a bit in time, actually, 199 

even Kashmir he showed us for the first time. We had not seen Kashmir.  200 

ARNOLD: [laughs] ___ [inaudible]. 201 

LAL: And, actually, Jim showed us Kashmir. That was Aruna and myself. And that was 202 

something fantastic. So, all this has been a very pleasant experience for Aruna and I. We were 203 

very enriched by our close interaction with Jim and his family members. 204 

ARNOLD: May I break in and give one example of this? Our youngest son, Ken, was three 205 

months old when we arrived and he was in a crib and Lal is very fond of children. All my life that 206 

I've known him, I've seen that quality. And children in general are very fond of Lal. At any rate, 207 

but when Lal approached the older two boys who were two years and four years old, they 208 

immediately became best friends but Ken used to scream every time he saw Lal. And that is 209 

probably the reason why they became such very good friends today. Because Lal took this as a 210 

challenge, and before he departed in his first long stay, they were already very good friends and 211 

now Ken is something like 40 years old and they're still very good friends. 212 
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LAL: You see, at that time, I had this conviction that children really read the inner self of a 213 

person. So, whenever Ken saw me he started crying, so I thought I must be a very bad person 214 

inside. And that's what scared me, and I tried to win him and change things over. So that was 215 

what Jim is referring to.  216 

So, you see this Kashmir thing. I had been earlier to Kashmir in 1955— and as I will tell you 217 

later, to collect and extract beryllium 10 from molten snow— but there was no time for us to see 218 

Kashmir. Actually, the only time I really enjoyed seeing Kashmir was when Jim came and then 219 

we were with him that was really— so, there was something about Jim, the way he did things. 220 

He would talk about science, he would talk of very serious things, but he also had a lot of time 221 

for talking about other things where he relaxed you and to make you at home. Something which 222 

I have not yet learned but whenever I am with him, this is something which I always enjoy being 223 

with him. So, besides the social interaction, the most important and most rewarding realization 224 

which I had was that— when I think back— is that we had a great variety of ways, we learnt a 225 

great variety of ways, in which cosmic rays leave behind permanent records of their interaction 226 

in matter. And how these can be used to deconvolute information on the isotopic changes and 227 

then to obtain the history of matter itself.  228 

So, actually, most of the work in the past in this field— as it happens, most of the key 229 

observations in this field have been made either by Jim in collaboration with Masa and 230 

colleagues, or by Jim in collaboration with myself and colleagues. And I think there was a short 231 

period of time— 1958 to ‘65— when actually Jim, Masa, and myself worked together very 232 

closely. So that was a period when we were very close to each other, but at all different times 233 

there were these combinations in which Jim operated with both of us and we did lots of things. 234 

And then these studies were of such a nature that once they were done, they were followed the 235 

world over on a rather large scale. And this even continues today. This was a really very rich 236 

experience in ___ [inaudible], and in science. And to put it in another way, I would say that Jim 237 

and his collaborators essentially stole away all the possibilities from others to make these 238 

discoveries themselves. Essentially, it was ___ [inaudible] to actually take away the pleasure 239 

from others to make any such discoveries, take away by doing it in this group. And this is 240 

actually not unexpected because in science you always find that if you lead groups who have 241 

the right concepts and facilities at the right time, they run away with the discoveries which have 242 

yet to be made.  243 
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And I think the whole sequence of events which brought Jim to La Jolla, brought other people to 244 

La Jolla, which created such a tremendous scientific atmosphere— Harold Urey, the Mayers, 245 

Craig, Arrhenius, Goldberg— and Roger Revelle was there who was actually telling people that 246 

oceanography was not doing biology of oceanography. Everybody at that time— especially the 247 

Scripps Institution was known as a center for biology. And they thought one of the most 248 

important things an oceanographic institute has to do is to study biological processes. But 249 

Roger Revelle said that this is not absolutely true although oceans stand in space. And they are 250 

not standing there by themselves and they are actually receptacles of everything which happens 251 

in space. And therefore, actually his philosophy was to bring all these people, including Jim. And 252 

Jim himself was spearheading several adventures bringing people who could see the broader 253 

context of science and he managed to bring very, very active people to the UCSD— what made 254 

the UCSD, at that time there was no UCSD itself.  255 

So, this whole period was not just gym science, it was to me— I was just like being shot by 256 

hundreds of guns or something, it was a tremendous shock to see all this. I was lucky to be with 257 

Tata Institute of Fundamental Research with Homi Bhabha. He had this very high philosophy 258 

and he used to actually interact with Blackett and Cockcroft all these very pioneering persons in 259 

the field of physics, and he used to bring them to Tata Institute and expose us to these things. 260 

But the intensity at Scripps was far greater than anything that I had actually experienced, and at 261 

that time I was young. So actually, this made a very, very big difference to my life.  262 

So, let me tell you actually then, how I came here. So, in 1957, if I remember I received an 263 

invitation, official invitation from Roger Revelle, to visit the Scripps Institution of Oceanography 264 

as a postdoc. And I was told that Jim Arnold is moving over from Princeton, and he's setting up 265 

a group to study cosmogenic effects. And that you can, if you like, you can work with him. This 266 

was very informal way of presentation. It was not that you are being invited to work with Jim, it 267 

was the freedom well again given to me, but it was just an invitation to come to Scripps 268 

Institution of Oceanography. Now, I had then heard a great deal about Jim Arnold. Actually, I 269 

read about his papers too. And there was as I said, there's you know, there's a lot common in 270 

our science. 271 

ARNOLD: You had been working with Peters. Parallel work.  272 

LAL: Yes. Right. So, in fact what I want to tell you, Jim, is probably— do not know how Peters 273 

got so influenced to start a geophysics group in India. In a way the existence of the geophysics 274 
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group itself owes to two facts, two main facts, one was the excitement produced by the 275 

discoveries of carbon 14 and tritium by Libby, Arnold, and his colleagues. And then there was a 276 

visit to TIFR by Harrison Brown in 1954. And he went around and told what all things were 277 

happening in Caltech and they were studying lead— the work of Patterson and others— and he 278 

actually explained that the environmental lead which you have anywhere, which you just do like 279 

this and pick up nanograms. And one of his statements, which Peters always quoted, that was 280 

just due to Harrison Brown was that there is one ___ [inaudible] of everything in anything. And 281 

then he had said that lead— common lead, dirty lead, contamination lead anywhere— was 4.5 282 

billion years old. And this impressed Peters tremendously because he always used to get 283 

excited by the quintessence of things, you know, this to him was very exciting.  284 

But you see, at that time— this is mid ‘50s— elementary particles were being discovered 285 

everywhere in the world and in our group headed by Peters, and we were using nuclear 286 

emulsions. And that to a very sophisticated form of nuclear emulsion technique would Peters 287 

had an idea and he developed at TIFR and that was a continuous emulsion block, like a cloud 288 

chamber. So generally, emulsion blocks, emulsions were mounted on a glass plate. So, the 289 

information on a cosmic ray event or the behavior of an elementary particle was partly obscured 290 

then because whenever the particle went to the glass you can see what was happening. So, 291 

Peters' idea was to do two things. Firstly, I suppose, freshly pour emulsions in which there were 292 

no background from cosmic rays even before exposure. And secondly, to put them in together 293 

to make a block of 20 by 20 centimeters by 20 centimeters and expose it at very high altitude to 294 

energetic cosmic rays. But the big problem was when you process a nuclear emulsion, the 295 

nuclear reaction is distorted and then it becomes very difficult to follow individual tracks. So, he 296 

had an idea that he will put a grid of polonium alpha particles by soaking tin nylon fibers of 20-297 

micron diameter, and putting it on the backside of the plate and putting two emulsion pallets 298 

together. So, this way, there was a guarantee that wherever the alpha particles were there on 299 

the two sides, those sides were together in contact. Then of course, the next question was, how 300 

to mount these pallets so that you can just reproducibly just go on from one pallet to the other, 301 

and ___ [inaudible] will keep coming without having to make long transformations because one 302 

had to study lots of particles before any elementary particles were discovered.  303 

So, these things were all accomplished: how to process emulsions without much distortion, then 304 

how to follow a particle right through 20 plates, if it goes through. And so, once he succeeded in 305 

this then we of course started discovering particles. And we also discovered new particles, new 306 

particle decay modes, we found that some particles were produced in association, they were not 307 
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produced singly, which was actually very remarkable because we had only 20 events [?]. But 308 

we found that in some of the events [?], two particles came out and we calculated the probability 309 

was very small. At that time Byers [?] had been working on these theories of— they were not 310 

the standard model at that time. But there were theories, and one of the theory of Byers [?] was 311 

that particles must be produced in association to conserve certain of these properties. So 312 

actually, we were the first to— with even just 20 [events?]. So, there were exciting things going 313 

on. 314 

But Peters was still very worried because then CERN— at CERN, they started producing high 315 

energy beams and they made beams of ___ [inaudible]. So, he realized that all the edge which 316 

we once had at the Tata Institute of Fundamental Research was going away. You cannot 317 

remain in this for ___ [inaudible] five years. So, he was always looking out for certain change in 318 

the field. And I remember one day there was a— the c14 was already discovered, and this was 319 

well known and one day there appears a paper around 1954, if I remember, on tritium— the 320 

discovery of tritium by Libby. And we were going for a balloon flight to Delhi, and I was in one 321 

compartment and Peters was in the first-class compartment. So, every time the train stopped, 322 

he used to come to my compartment and I used to come out and he will keep telling what all 323 

things he is thinking in between. And he was so excited, and he said a new field of cosmic 324 

geophysics is coming up. This is really very exciting and we should think about this. And 325 

basically, this was the big realization that ___ [inaudible] had started coming. We didn't have 326 

any edge. And Peters did not keep on reproducing more work on elementary particles because 327 

it was a waste of time. And he was very aware when to get out from a project when it's not 328 

producing too much. But the Harrison Brown remark also clinched this.  329 

Now, Homi Bhabha was very free about starting new projects, or if somebody came to him with 330 

a new idea he was very responsive generally. And Peters had a real complete freedom to do 331 

whatever he wanted. So, I remember that one day Peters asked me to come and discuss some 332 

things with Homi Bhabha. And he said, “We would like to start a geophysics group, a nuclear 333 

geophysics group because this is a big deal.” Bhabha said, “Just go ahead.” And then Peters 334 

was trying to tell him about how much it would cost him and he said, “Don't talk to me about 335 

this.” It was a complete freedom to do whatever you like. And then I decided to join this activity 336 

and really spend full time seriously and I stopped building nuclear emulsions. Now, I had lots of 337 

friends at that time and they all thought that I had gone cuckoo. They said that geophysics is 338 

zero physics, and you are stupid, you are doing elementary particle physics which is very 339 

fashionable physics, and you are ruining your career. This is not what you should be doing. And 340 
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then they also asked me that this idea of Peters which— he had written a paper in 1954 saying 341 

that beryllium 10 is produced and ___ [inaudible] items per centimeter square per second in a 342 

column and they asked me as many times that, “You think Peters has gone senile, this is very 343 

stupid that you will produce 10 to minus two particles per second or in 100 seconds one particle 344 

and, finally, you will expect to find it in the ocean sediment.” So, I said, “You should not ask me, 345 

I am working in the geophysics group. Go and ask somebody else about this.” So, this was the 346 

story and then at that time ___ [inaudible] and Ram both also were convinced. They were also 347 

working in the nuclear emulsion group. And they realized that they didn't have, I mean, they 348 

probably had a better chance to work in the geophysics group rather than this.  349 

So, we had actually two jobs to do in the geophysics group. One was to develop chemical 350 

procedures for extraction of these atoms. And Peters then put us in touch with Shankar, Dr. 351 

Jagdish Shankar of Atomic Energy Commission and at Trombay. And then we started learning 352 

we had never heard about EDTA and TTA. So that's the first time we heard about this. And then 353 

we started doing all these experiments and it was very nice. We didn't have any facility, for 354 

example, EDTA you need to shake, as you know. So, I actually had a fan and I made a string 355 

attachment for the bottle used to shake it when the fan rotated and things like this. So, we did all 356 

sorts of things. And very quickly— we were in the barracks, we had no facilities at that time, the 357 

real TIFR completely air conditioned. What is called Homi Bhabha Taj Mahal now, that was not 358 

there. We were in barracks, and quite often pigeons used to come everywhere. 359 

But we were just determined working day and night, learned how to do this chemistry. And then 360 

we built a low-level counting system. We had never heard about ___ [inaudible] gas and all this, 361 

but most of these techniques were actually in Chicago. So, Sugihara had developed a flow 362 

counter. So, I was very inspired about this and we tried to do this, but then he just told me that 363 

look, you should go out and look at various low-level counting laboratories and do this. But I had 364 

built a system with a flow counter which had a background of 29 counts an hour. And this 365 

counter was made by me by going to the cotton exchange market. There were some 366 

silversmiths so we made very small counters, and they did the blowing of the silver, the tubes 367 

and all that. They didn't have any high temperature flame. They actually use ordinary mustard 368 

oil flame. And if you blow it hard enough, you'll get a very nice blue flame. So, he did all the 369 

ceiling welding and we made this counter from silver. And then our glass blower put mica on the 370 

end, and we use we made these flow counters. And then the background used to be sometimes 371 

20 sometimes 100. So, we had actually spent six months just trying to find out where these 372 

electrical interferences came from. And I very quickly learned— it’s a long story— but finally we 373 
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made sure that absolutely no spurious counts came at all. We learned that, but everything had 374 

to be learned. And when I went to Harwell [?] and other places to see their low-level counters, 375 

we actually found that they had much higher backgrounds than ours. I came back and told 376 

Peters that my going there was not very useful, but very, very convincing that we are not doing 377 

very badly. 378 

[END OF PART ONE; BEGIN PART TWO] 

LAL: The world was started thinking about this.   379 

ARNOLD: Sure.  380 

LAL: And so, I think that was good that you took that lead and made sure that the theoretical 381 

paper was written on this. One thing I just wanted to comment—. See, I had learned by working 382 

on the development of the cascade in the atmosphere that all attempts Monte Carlo [?] 383 

calculations or cascade calculations were hopelessly bad that one could get answers, which 384 

didn’t mean anything and for example in the atmosphere we are dealing with 14 mainframe [?] 385 

parts, 1000 grams is about 14 mainframe parts and one was interested obtaining cosmic ray 386 

production waves right down to the sea level and one could be off by factors of 10 and actually 387 

some of the earlier calculations, which were done and actually Benioff had done very similar 388 

calculations beryllium-7 for the whole atmosphere.  389 

ARNOLD: Huh.  390 

LAL: But he was very wrong  wo actually one thing which we learned that if we have to do 391 

something then one should take advantage of as much experimental data as possible, which is 392 

measured so that we are closer to the truth.  393 

ARNOLD:  Right.  394 

LAL: The second thing was, which was not used before but Peters had started using it with 395 

Yash Pal much later but at that time when Jim came to India this was not used very much and 396 

that was idea of inelasticity that in a collision the primary particle essentially retained a certain 397 

fraction of energy and the rest of the energy was used up in that, the first collision and then this 398 

particle essentially went on and then it repeated the same history again with the same 399 

inelasticity. Now and when you’re dealing with an atom meteorite even the size may 20, 30 400 

centimeters you are dealing with actually quite a few mainframe parts and particles are coming 401 
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from all directions so actually I was quite nervous to say that we can make any calculation, 402 

which representative of the real truth and we didn’t know about depth to field [?] at that time.   403 

ARNOLD:  No?  404 

LAL: So to write a paper on the depth of fie and say something it made me stimulated but 405 

when thought about this inelasticity as using the ideas of inelasticity, which were held more or 406 

less very true by various observations of Russians and high-energy beams so then I some 407 

confidence that probably we can go and publish that and I think afterwards when Reedy [?] and 408 

Arnold published on the development of nucleonic cascade in the moon then essentially they 409 

are just an extension of the [crosstalk]—. 410 

ARNOLD:  Yeah.  411 

LAL: The earlier part.   412 

ARNOLD:  Absolutely.  413 

LAL: So, I think that was very nice, which Jim said, if, for example, if I was here probably 414 

nothing might ever happen but when I was back in India and Jim said, “I am coming and to 415 

finish the paper” [crosstalk, Laughter] —. 416 

LAL: That really was a fantastic high-pressure environment.  417 

KOHL:  Mm-hmm.  418 

LAL: And one gets to do things only when there is a high pressure [crosstalk]—- 419 

ARNOLD:  [Laughs] That’s right.   420 

LAL: And the less you do otherwise. Okay this was—. You know, Jim, I wanted to ask you, 421 

this idea of doing so many isotopes in one meteorite, there are rules for example.  422 

ARNOLD:  Yes.  423 

LAL: Was this reproduced by any other lab, later?   424 

ARNOLD:  Oh yes but much later.  425 

LAL: Well, who did that, actually?  426 

ARNOLD:  The [crosstalk]—- 427 

LAL: I don’t remember this. Anybody could have accomplished this task.  428 
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ARNOLD:  Well, I think—. I have to think for a moment but I think that— well, I’ll give you 429 

what I very much later, Hertzog and company had done that.  430 

LAL: Not more than a few isotopes I think.  431 

ARNOLD:  Well [crosstalk] – 432 

LAL: Herzog is very limited.   433 

ARNOLD:  Well [crosstalk]—- 434 

LAL: But maybe Coleman’s group did more than [crosstalk]—- 435 

ARNOLD:  Well, you know Goel had [crosstalk]—- 436 

LAL: Yeah, Goel might have done that [crosstalk]—- 437 

ARNOLD:  Yeah, Goel [crosstalk]—- 438 

LAL: With Coleman.  439 

ARNOLD:  Did so with Coleman.  440 

LAL: Yeah.  441 

ARNOLD:  And Shedlovsky also you know went and did postdoc [crosstalk]—- 442 

LAL: Went back and [crosstalk]—- 443 

ARNOLD:  With Coleman  444 

LAL: Okay, okay.  445 

ARNOLD:  So that [crosstalk]—- 446 

LAL: But this remains, what I wanted to say was I mean this— I mean this is not a session for 447 

self-association but I would say this remains one of the luminary examples of the necessity of 448 

doing several isotopes to really constrain cosmic-ray flux and to learn many things from it but 449 

this is a very difficult task which [crosstalk]—- 450 

ARNOLD:  Yes.  451 

LAL: Which was accomplished at that time so smoothly.  452 

ARNOLD:  It was certainly there was nothing like it [crosstalk]—- 453 
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LAL: Yes.  454 

ARNOLD:  For many years and except what we did ourselves, kind of there’s an old proverb 455 

of Libby’s who just as Peters, you know, sort of trained you and set you up to be what you could 456 

be and Libby did the same for me and one comment that he made to me that was against many 457 

peoples’ ideas was that you should always tell people what you are doing, you know? If you 458 

have any run and introduce to any colleague and you should chat, you should tell them exactly 459 

what you’re doing and the remark was that if they’re thinking of doing something similar and 460 

intelligent then they’d find out that you are already doing it, they’d leave it alone because why 461 

should they compete with you?  462 

LAL: Mm-hmm.  463 

ARNOLD:  If they don’t leave it alone and do it, well, you should be able to get there ahead 464 

of them because you have actually started [crosstalk]—- 465 

LAL: Clearly, right.  466 

ARNOLD:  And on the other hand, if they beat you then you didn’t deserve it anyway 467 

[laughs] and so [crosstalk]—- 468 

KOHL:  [Laughs]  469 

LAL: That's a good—. That's a good philosophy.  470 

ARNOLD:  So, in a way the way this paper, well, I remember as you say we should cut short 471 

any you know sort of patting ourselves on the back but I remember Geise saying to me—472 

Johannes Giesen at Bern who was one of the great people in this and related fields—. No, 473 

when he published his article in 1957, which set up essentially what you could do [crosstalk]—- 474 

LAL: Mm-hmm.  475 

ARNOLD:  It was a theoretical article and he thought he was laying out a 10-year program 476 

and then he had read this paper and we had done it, you know?   477 

LAL: Right.  478 

ARNOLD:  And so, I think one reason it was not duplicated very well is that it looked much 479 

more forbidding  perhaps to people after they read our paper than it would have if they had 480 

started it themselves and [crosstalk]—- 481 

LAL: Mm-hmm.  482 
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ARNOLD:  It said that there’s somebody around who does these things and that’s their 483 

specialty and that’s their—. What shall I say—their niche, we might—. I take the story as far as 484 

Bruderheim perhaps and then Candace, you. We haven’t given you much of a chance, have 485 

we?  486 

KOHL:  That’s all right, it’s fascinating.  487 

ARNOLD:  Okay. It wasn’t long after that the Bruderheim meteorite fell only at I see from my 488 

notes here about six months after the other and, okay, this one fell in Canada, Western Canada 489 

in the—. What shall I say—collecting area of Ian Halliday who was a meteoriticist in Alberta, I 490 

think, and of course I think we had already met a little but we certainly wrote him and fortunately 491 

it was a very large fall and so it was not difficult to get from him probably a kilogram. Again, I 492 

don’t remember exactly the size. We could look it up here but never mind and the—. So that 493 

sample was a large specimen it says here. It was a large specimen and we started in platinum 494 

crucibles because one cannot dissolve a piece of stone in a glass beaker, the chemistry started. 495 

I say we, of course, Honda led the chemistry and always. There was never any question who 496 

was in charge of that operation and he of course had the experience behind him and he—but I 497 

think even Lal, you, did some chemistry at that time.    498 

LAL: That’s right.  499 

ARNOLD:  We were all involved and again though it was a much more challenging and 500 

laborious task with the other one behind us that was as far as I can recall, also completely 501 

successful and again a [crosstalk]—- 502 

LAL: Which year was this, Jim?  503 

ARNOLD:  The date of the publication is October, ’41. Oh, Hondo/Umemoto [crosstalk]—- 504 

KOHL:  Sixty-one.  505 

LAL: Sixty-one.  506 

ARNOLD:  Sixty-one I’m sorry.  507 

LAL: Or ’62.   508 

ARNOLD:  And so Umemoto was a postdoc, another Japanese postdoc with Harold Urey 509 

[crosstalk]—- 510 

LAL: Mm-hmm.  511 
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ARNOLD:  Mostly doing stable isotopes but Honda and Umemoto were friends and he was a 512 

good chemist and so however many there were here, about another 6, 9, 12, 13, 16 isotopes 513 

[crosstalk]—- 514 

LAL: Fantastic, yeah.  515 

ARNOLD:  Were taken out of that.  516 

LAL: That too, for a stone meteorite for which chemistry was not known at that time.   517 

ARNOLD:  Of course.  518 

LAL: And very difficult, much more complex.  519 

ARNOLD:  Much more complex.  520 

LAL: Because ions chemistry is simple.   521 

ARNOLD:  Yeah and [crosstalk]—- 522 

LAL: Simpler, I didn’t mean simple.  523 

ARNOLD:  Exactly and of course, Umemoto was very much a part of that operation and I’m 524 

sure I was doing chemistry, too. The counters already existed thanks to you and by that time 525 

probably Ram was with us. I’m not sure. We can look and see if there was an 526 

acknowledgement. At any rate the—. And these are various [crosstalk]—- 527 

LAL: So, these are Jim all ’61, all these 3 papers here.  528 

ARNOLD:  Mm-hmm.  529 

LAL: And now when did Candace join you?  530 

ARNOLD:  Oh, much later. 531 

KOHL:  Much later.   532 

LAL: Much later.  533 

ARNOLD:  This young woman [laughs] [crosstalk]—- 534 

LAL: Yes, right.  535 

KOHL:  I thank you.  536 
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ARNOLD:  Joined us actually jumping ahead the Apollo was the next. We were going to 537 

have a session on that one.  538 

LAL: Oh, you are after Apollo? 539 

KOHL:  [Laughs] Yeah.  540 

LAL: Oh.  541 

ARNOLD:  Yes.  542 

LAL: I thought you were before Apollo. I made a mistake.  543 

ARNOLD:  Oh.  544 

KOHL:  No.  545 

ARNOLD:  She—. There was—. there were these seven graduate students that took part in 546 

that, the largest group I have ever had and Lal, again, and Honda, again. 547 

LAL: I’m sure.  548 

ARNOLD:  Shedlovsky again, yeah, all the old, old stars.  549 

LAL: Okay so we should get back. We should get to Candace and so at this period essentially 550 

in one year at that time you had only Julian and was he with you [crosstalk]—-?  551 

ARNOLD:  Well, Julian was gone by then.  552 

LAL: Was he with you in La Jolla, Umemoto?  553 

ARNOLD:  Julian was gone. Umemoto was with Urey.  554 

LAL: And I see so what part did he play in this?   555 

ARNOLD:  He was an experience chemist.  556 

LAL: Oh, he did chemistry on meteorites?   557 

ARNOLD:  He did. He did chemistry. 558 

LAL: Okay.  559 

ARNOLD:  And the counting we all did [crosstalk]—- 560 

LAL: Right.  561 
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ARNOLD:  On the counters you know [crosstalk]—- 562 

LAL: Okay.  563 

ARNOLD:  But actual counting thank God we were long past the days, early Libby days 564 

[crosstalk]—- 565 

LAL: Right.  566 

ARNOLD:  Because the counters were quite reliable, not perfectly. There were problems 567 

but, you know 90-percent reliable or something like that rather than 10-percent reliable and so 568 

we—. We all did the counting. I have still some mementos from that time and we had—. They’re 569 

mostly thin-walled counters. The betas were counted with thin-walled counters that you had 570 

designed and even some that we built ourselves and then there were the sodium iodide 571 

simulation counters so that we had that equipment. We had the shield, steel shield that I bought 572 

from Princeton and, no, we were in shape to that and the—. But the chemistry was done, I think, 573 

by all 3 of us but absolutely under the leadership of Honda, who is way beyond our skills. So 574 

that, too, as you say, that happened in quite a short time and I don’t think we made any attempt 575 

in the theoretical paper to deal with the more complex case.   576 

LAL: Right.  577 

ARNOLD:  We were well satisfied since that was a pioneering effort to be able to do 578 

something reasonable about the iron target. I also wrote a review paper in this period and also 579 

later in the Handbuch der Physik with the Germans publishing this exhaustive handbook of 580 

physics and they invited Lal and Peters to write an article and they invited Honda and me to 581 

write an article so we were a little separated at that moment but these two articles make very 582 

much a pair and should be read together by anyone who wants to look at that. I wonder if we 583 

should break for a minute of two or three.  584 

LAL: Okay I also want to go. Excitement of work in the—during ’58 to ’60 about 1.5 years 585 

when I was there,  one  of the experiments, which we wanted to do was to measure precisely 586 

the production base of isotopes in atmosphere by cosmic rays. So, the idea was to expose 587 

argon in ordinary cylinders at high pressure to cosmic rays at high altitude at Mt. Evans and 588 

Echo Lake and also water for measuring the rate of production of beyrrilium-7 in oxygen. At that 589 

time the techniques were not sophisticated enough to measure beryrilium-10 directly by 590 

exposing water, which was done later in Jim’s lab and very successfully with the development of 591 

the AMS technique but at that time by counting it was not possible of course to do that so that’s 592 
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an experiment, which required a considerable amount of expenditure and when I say a 593 

considerable amount I don’t mean much more than $50,000.00 or $60,000.00 or something, 594 

maybe much less but during those days these amounts were very large. I mean that’s a good-595 

size experiment.   596 

ARNOLD:  Right.  597 

LAL: So, I went to Jim and asked him firstly, well, that I have discussed with Masa Honda and 598 

would like to expose material at high altitude to cosmic radiation to measure precisely the 599 

production rate of isotopes and he said, “Yes,” that was a good idea and the figures look okay, 600 

and then I asked him about money. And he said, “Well, you write a letter to NSF.” So, I said, 601 

“Who am I” and I said [crosstalk]–.  [Laughter]  602 

ARNOLD:  Yeah. [Laughs]  603 

LAL: They didn’t know me and what does this mean? He said, “No, no, just go ahead and you 604 

just write, explain to them what the experiment is, you say you’re working in my lab and explain 605 

and just this letter may not be more than 1.5 page so I just exactly did that and I don’t 606 

[crosstalk]–. 607 

ARNOLD:  Those sure were the good old days.  608 

LAL: Remember—. Exactly, I don’t remember exactly but I think within less than 1.5 months I 609 

had a letter from NSF approving the entire expenditure without any change at all. They just said, 610 

“Go ahead and you’ll have the money.” So that was very, very fantastic, very encouraging that 611 

firstly, I mean, who am I to have asked that money? I am just a visitor to the United States and 612 

total was 1.5-page letter.  613 

ARNOLD:  It makes regret the past a great deal. [Laughs]  614 

LAL: And then this of course, this experiment was done very successfully.  615 

ARNOLD:  There were some adventures of course.  616 

LAL: Right. There are lots of stories about these but I think what I would like to tell you was 617 

that after the silicon-32 was discovered in the sponges, marine sponges, Shenk, David Shenk 618 

had joined Jim Arnold as a student and his idea was that he would like to measure the silicon-32 619 

concentrations in sea water directly. 620 

ARNOLD:  Right.  621 
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LAL: So, he was quite ingenious. Firstly we needed about 60 tons of sea water to remove 622 

silicon from and this had to be done from different depths in the ocean so you essentially had to 623 

bring 60 tons of sea water about the ship so he had an idea that he will take a canvass bag, 624 

which will open on both hands and he will lower it so it’s always flushing and then, at any depth, 625 

you just close the 2 ends, then bring the whole canvass bag right to the surface but not above 626 

the surface. Just keep the neck only above the surface and have the canvass bag just below the 627 

surface. Then there is no weight problem, it will be supported by its own buoyancy. And then he 628 

took a tube and put it into the canvass bag and pumped out all the water from the canvass bag 629 

on the ship and then he passed it through these iron-exchange columns and he had actually got 630 

his PhD thesis on this. He did about 8 or 10 samples. This was very, very dramatic but, once 631 

again, this was a very expensive experiment and, actually, he lost [crosstalk]—. 632 

ARNOLD:  Right.  633 

LAL: One of the [crosstalk]—. 634 

ARNOLD:  Samplers.  635 

LAL: Samplers, which was itself about $10,000.00. In those days $10,000.00 was a huge 636 

amount of money. Postdoc salary was only $6,000.00.  637 

ARNOLD:  Right.  638 

LAL: And so, this was again very remarkable that within that short period while I was still there 639 

that one could, if a PhD student comes and he starts, he goes to the ship, he collects his 640 

samples and completes all those measurements this was really so remarkable.   641 

ARNOLD:  I have to excuse me break in and one other aspect of that, David called me 642 

and—or they radioed from the ship and they told me about this that the sampler is lost and so, 643 

okay, that’s not very good news. I went to Jeff Frautschy who was then the business manager of 644 

The Scripps Institution of Oceanography and he said, “What time was it lost?” And I told him 645 

and he said, “Ahh,” and he said, “I woke up this morning and I remembered that we had not 646 

insured that sampler so I went and did it 2 or 3 hours before it was lost.” [Laughter] 647 

LAL: Oh, I didn’t know about this. [Laughs]  648 

ARNOLD:  Yeah.  649 

KOHL:  [Laughs] 650 
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ARNOLD:  So, we got our money back.   651 

LAL: Oh, that’s great. That’s absolutely great. So, you see these were—. The number of 652 

things which one could do, I was there only for 1.5 years and I as exposed to such a great 653 

variety of experiments and it was just a combination of things I mean Masa being there, the 654 

atmosphere being so distinct but what really surprised me, the flexibility with for example Jim 655 

had never done such a large, accelerated scale work, which he undertook and there was no 656 

strain in him. 657 

ARNOLD:  Yeah.  658 

LAL: He was always relaxed and [crosstalk]— 659 

ARNOLD:  That was Libby’s teaching was to be afraid of nothing, just be afraid of nothing.  660 

LAL: And then the various things which we did, oceanography, large-scale experiments, 661 

nothing—. He was so cool about the whole thing and he never even told any one of us that, 662 

look, he wants to have this thing done within such-and-such time  That you could never even 663 

imagine him to say to say to anyone. We were all completely free, the freedom with which we 664 

could do things there and actually [crosstalk]— 665 

ARNOLD:  Well, we—. It was—. We were coworkers and we were equals, it was not a—. 666 

We were—. You know, Masa is a few years older than I; you’re a few years younger than I. I 667 

think we looked on ourselves, I looked on the three of us contemporaries and—. You know, my 668 

style I must say even with young graduate students, Candace can either agree or not, was 669 

always quite—what shall I say—informal and permissive.  670 

KOHL:  Absolutely agree.   671 

ARNOLD:  And so, it wasn’t so much that but it was certainly in this case something that has 672 

persisted our entire lives up to this point that when we are together we—. The sensation is not 673 

somebody is above somebody or below somebody, we are friends and more or less 674 

contemporaries, certainly now, as we get older, a difference of age gets smaller and smaller 675 

relatively but, at any rate, it was like that and that made it very easy to be loose because I was 676 

confident if any—. If Lal proposed an experiment, it was an experiment he could do and if 677 

Honda proposed an experiment, it was an experiment he could do. I didn’t have to worry about 678 

that. Oh, I mean we asked the questions. Always we debated [crosstalk]—- 679 

LAL: That’s right.  680 
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ARNOLD:  And criticized.  681 

LAL: That’s right.  682 

ARNOLD:  It wasn’t that I simply accepted everything.   683 

LAL: That’s right.  684 

ARNOLD:  Or you simply accepted everything I said but we were partners.  685 

LAL: You know Jim during that time, the short time when I was there, so many things 686 

happened. One of the things I remember, we got—. I got invited to Duffield’s [?] house.   687 

ARNOLD:  Right.  688 

LAL: And at that time Robert Wilson was here and Dyson used to come. There was the 689 

General Dynamics was very active at that time.   690 

ARNOLD:  Yes, right.  691 

LAL: And actually, they invited Niels Bohr to do some commemoration I do not know at what 692 

instance it was there and what was the reason for that, I [crosstalk]—- 693 

ARNOLD:  Bohr and Heisenberg and all sorts of [crosstalk]—- 694 

LAL: So, and I know Niels Bohr was supposed to say something at that time. So, I know 695 

exactly this was narrated to me by one of the people that he had to say 1.5 sentence or 2 696 

sentences for inaugurating the function. He prepared that 2 sentences, he was preparing it for 697 

months and rehearsed and rehearsed and several times how to say exactly each word in that 698 

sentence, this is what I learned, and you know to be told and to meet and to live in a time when 699 

Niels Bohr comes to the same city where you are there [crosstalk]—- 700 

ARNOLD:  Yes.  701 

LAL: It’s really—. And Freeman Dyson, the story about Wilson, which each of one you I think 702 

know, when he was asked by the Senate, at the Senate hearing, some senator asked him what 703 

will this—. He was building this big, giant synchrotron isolator at Brookhaven so he was asked 704 

what will this synchrotron do to the defense of the country? So, he said, “Absolutely nothing but 705 

it will make the country worth defending.” So those were the types of things you get exposed to 706 

when you are very young and you are given complete freedom to do whatever you like. You are 707 

in a total state of shock, you know?  708 
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ARNOLD:  [Laughs] 709 

LAL: You know I was in a very bad state. Actually, I started towards the end of my stay in La 710 

Jolla; I started taking ____ [inaudible] who you do not know probably.   711 

ARNOLD:  No, I [crosstalk]—  712 

LAL: I had become—but I couldn’t stop. I had to do more because anything you want to do 713 

gets done.  714 

ARNOLD:  Yeah.  715 

LAL: And everything is science. It’s not just data collecting. You see the one big difference in 716 

culture in science between now and then was that those days it was basic research. These days 717 

a great deal of science is data collection, which is very important but the emphasis on basic 718 

research is so limited. For example, the—. All these new things, which one has done recently, 719 

which we’ll discuss about unsuitable isotopes, NSF never had the pleasure of supporting any of 720 

those things for the first time.   721 

ARNOLD:  MM-hmm.  722 

LAL: They will only support when you publish a paper in Nature or Science and then the 723 

reviewers know about it but the reviewers and the whole system is such that they never support 724 

anything in basic research but at that time if you went for a big data collection system maybe 725 

you would not be supported but with Fowler in charge of the NSF and the various—. You know 726 

really Fowler was the head of the NSF [crosstalk]—  727 

ARNOLD:  Oh, that’s amazing.  728 

LAL: For some period [crosstalk]—- 729 

ARNOLD:  Yes.  730 

LAL: Of time and there was a great emphasis on doing science with an emphasis on basic 731 

research so the way I went back to India was that people are short of ideas, not money, the 732 

money was not the limiting situation and I would like to tell you something, which is a personal 733 

note, that towards the end at the same General Dynamics meeting, Homi Bhabha had come 734 

here.  735 

ARNOLD:  Yes.  736 

LAL: He was invited to this [crosstalk]—- 737 
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ARNOLD:  I remember very well.  738 

LAL: And then he had heard from Roger Revelle that I was doing very well here.  739 

ARNOLD:  Yes.  740 

LAL: And he of course had met me before and would talk me in the Tata Institute because he 741 

knew that under Peters I was doing these things for the first time so he actually had a meeting 742 

with me and he said, “Young man, when are you coming back?” So, I said, “I’m coming back—743 

uhh—I’m just extended months but I’m coming back immediately.” And then when I actually 744 

went back home and then Peters was there and he still had not gone back to Denmark and he 745 

said, “Lal, there are no housing here and housing is so expensive, why don’t you tell Homi 746 

Bhabha that you must have housing to stay here?” Actually, he had told me earlier that before I 747 

come, use that as some sort of a levering principle but I never did that because I think that was 748 

not very right so that was one advice of Peters which I never took. And then when I went back I 749 

rented a house very close to Tata Institute because I wanted to come back-and-forth several 750 

times in a day and that was about 60 percent or 50 percent of my salary was going there but still 751 

I rented it for convenience so that was good but, you see, the story, which if I tell what 752 

happened afterwards, that showed that Bhabha was always aware that people need housing 753 

and that he always gave housing to people whom he thought were very good and deserved to 754 

be given some encouragement.  755 

He built. He sold his land, which belonged to his aunt at Pedder Road. This is the Kenilworth.  756 

ARNOLD:  Ah.  757 

LAL: Which became Kenilworth; it was 81 flats were made by the Atomic Energy Commission. 758 

Then one evening at a dinner, Homi Bhabha called me and he said, “Look that Kenilworth has 759 

been built by the Atomic Energy Commission and you choose any flat you like in that.”  760 

ARNOLD:  Mm.  761 

LAL: So, I go there and I look around and then of course I chose the best pad with the best 762 

view with a big garden on the top, on the 8th floor, with a balcony and everything. So, then I was 763 

seeing these houses. There are 190 people who had also come to see the house, which they 764 

wanted and so they said, “Lal, you are wasting your time, this belongs to Atomic Energy, you 765 

will not get this house, why do you want to look at this flat? You look at other flats especially on 766 

the ground floor” and things like that. But Homi gave me the best flat in the whole building. He 767 

just didn’t care about—but you know it was I had found one thing about Homi, anybody who 768 



Oral History of James Arnold, Devendra Lal, and Candace Kohl     April 18, 1997 

asked him for things, he was not very sympathetic about it because when I would spend more 769 

time as some professor whom an invitation I had gone to join the TIFR, when he wrote a strong 770 

letter saying that he must have housing so he said, “As far as I am concerned, he can go and 771 

stay in the Taj Mahal.” [Laughter]  772 

LAL: That was very helpful approach in the problem.  773 

ARNOLD:  Oh dear.   774 

LAL: So anyway that was a very nice thing and then but Homi Bhabha made it very clear to 775 

me when he was talking about when you are coming back, he said, “Look, these people want 776 

you to come and spend time here, I would agree to it but these people have to come back, 777 

come and visit us, these professors have to visit, otherwise no one-way exchange.”  778 

ARNOLD:  Yes.  779 

LAL: So actually, I told Jim that Homi [crosstalk]—- 780 

ARNOLD:  No pressure on me, as if I needed pressure.   781 

LAL: That Homi Bhabha says that you must visit us so I trusted him to visit. Then before Price 782 

came and of course this whole visit was very lopsided because I think many of my colleagues 783 

visited Jim’s lab, you know, Bhandari [?], Masan Goel, Rama, everybody just one-by-one Jim 784 

invited. I never asked Jim to invite this person and Jim always knew whom to invite and—.  785 

ARNOLD:  Oh, just well this—. The first disagreement we have had here.  786 

LAL: Yes.  787 

ARNOLD:  Because I always counted on your recommendations  788 

LAL: You asked me.  789 

ARNOLD:  Yes.  790 

LAL: But—. Afterwards you asked me the first time—. At the first instance I didn’t I didn’t 791 

come to you saying that I want Bhandari to come and work with you or never.   792 

ARNOLD:  Oh, but we were always talking.  793 

LAL: Right. 794 
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ARNOLD:  Right? And so, these I learned about those things and there was a long—. I 795 

found from experience that I could trust you to send me only good people.   796 

LAL: So, all of the group members essentially came.  797 

ARNOLD:  Yep if you look at my history of postdocs and someone asked me once to make a 798 

list of course there is a preponderance of Indians and Japanese  799 

LAL: Right.  800 

ARNOLD:  And there is no accident whatever.  801 

LAL: Right.  802 

ARNOLD:  But if my friend, either my two friends speaks well of somebody then I went and 803 

made them an offer and you know from Honda I got Imamura and Nishizumi and that’s a pretty 804 

good list and that’s a pretty good list and from this guy I got also some—and it went into the 805 

second generation because Parma Goel sent me two people afterwards so [crosstalk]—  806 

LAL: Right, right.  807 

ARNOLD:  On it went.  808 

LAL: Yes.  809 

ARNOLD:  Candace, this seems to be a good time [crosstalk]—- 810 

LAL: Yes.  811 

ARNOLD:  To ask you to ask you to speak up and ask us some questions or anything else 812 

that you liked and we’ve been talking your ear off.   813 

KOHL:  Well, it’s absolutely fascinating. I’m privileged to be a part of this. Of course, I was 814 

not around in these days.  815 

ARNOLD:  Right.  816 

KOHL:  I came in the fall of 1969 and you know this is sort of my scientific background. I 817 

remember reading all these papers when I first came here as a baby graduate student, you 818 

know? This was my homework was to read these papers and learn something about what had 819 

been done. Just a minute of background about me, which was my undergraduate degree was 820 

from Carlton College in Chemistry and the reason that I came to UC-San Diego aside from the 821 

change in the weather from Minnesota winters to San Diego winters was because Jim wrote me 822 
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a letter saying that I would be able to work on the early material back from the moon, assuming 823 

that the moon landing in 1969 actually produced some material and that just sounded like an 824 

offer I couldn’t possibly turn down and it was a wonderful experience for me to be a part of the 825 

lab in those days. You’ve talked about marvelous times in the early days of UCSD before there 826 

was a UCSD when it was just Scripps and I think that there were also marvelous times in those 827 

early lunar days.  828 

ARNOLD:  Yes, and we certainly do plan to talk about them in another session.  829 

KOHL:  How did this early work on the meteorites, though, and the cosmic ray-produced 830 

radio activity in that affect the lunar stuff, was there—-?  831 

ARNOLD:  Very, very much, it was absolutely driven by that. We had some ideas. Well, in 832 

particular this is something I’m not quite sure of and Lal may have a better view, the notion of 833 

solar irradiation, solar particles was somehow in the air in those earlier days but I don’t 834 

remember it being—. I don’t think it was a serious part of our plans until after Apollo 11 when we 835 

saw the first effects. I think that’s right.  836 

LAL: What I remember is that you had already a sanction from the committee to get a sample 837 

of about 10 grams or 20 grams but it was then I remember that one of these periods when I 838 

visited ____ [inaudible] then I said we need at least a depth profile from the surface and you can 839 

get a complete energy spectrum of this solar flare and you need about 100 grams so Jim was 840 

very cautious. He said, “A hundred grams of lunar sample,” he got worried about that but he 841 

thought about it and saw that this was conservative and it was needed. So, he says, “Okay, I will 842 

try” and his very first request, he got it. So that’s how it actually happened, according to the way 843 

I remember that.   844 

ARNOLD:  Yeah, I—. I—. [crosstalk]—  845 

LAL: You had an earlier sanction for a smaller amount and you would not have got a depth 846 

profile.   847 

ARNOLD:  Yeah, the—. That I think is correct. We were not thinking in terms of depth 848 

profile. We were too much thinking in terms of our earlier experience when we got a big chunk 849 

of meteorite, typically half-a-kilo or by that time, maybe a little less, got a little better detectors 850 

but in terms of the scientific program it was an enormous commonality, one of the great things 851 

that we had on the moon, which we had never had before, leaving aside the solar cosmic rays, 852 

which I think were really basically a discovery was the fact that here finally we had a place we 853 
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knew where this sample came from. We were still in the process of learning and all through the 854 

‘60s we were working on the issue of where meteorites came from. I was doing these Monte 855 

Carlo calculations and so on, stimulated by Urey and the—. So, we knew that we were one 856 

astronomical unit away from the sun and that was all clear. The benefit of that was that we didn’t 857 

have to think about gradients of cosmic-ray flux with distance from the sun and especially in the 858 

early ‘60s we had the idea and so did John Simpson who made the actual observations that the 859 

gradient might be quite steep and that say at the distance of the Asteroid Belt it might be—the 860 

flux might be much higher than it was at the earth and in fact I think John’s earlier—earliest 861 

measurements kind of looked like that. I’m not quite sure but at any rate of course he and Frank 862 

McDonald cleared all that up but that I would say if you hadn’t read these papers you wouldn’t 863 

have had any idea what we were doing because this is where the program was basically 864 

formulated and the opportunities that we had grew directly out of this, I would say.   865 

KOHL:  Well, certainly one of the ideas behind some of this early work was to understand 866 

something about time changes, if there had been a time change.  867 

ARNOLD:  Yes, indeed.  868 

KOHL:  A temporal change in the cosmic-ray flux and that was a question that’s still under 869 

investigation.  870 

ARNOLD:  Yes, it’s narrowed a lot but it’s unquestionably still an open question to a degree. 871 

It’s—. We’ve been wrong—. I’ve been wrong some of the time. It would’ve been more fun in 872 

some respects. Let’s get Lal’s opinion on this. It might’ve been more fun if we had seen 873 

variations.  874 

LAL: Right.  875 

ARNOLD:  And in fact Vosaga [?] in his precise work on a billion-year time scale did see 876 

them but that is still ambiguous what it means so we have nothing definite but at the start of 877 

course it was possible if you were very imaginative to believe that the cosmic rays had only 878 

turned on in 1900 so that when Hesse detected them in 1912 they were brand-new but that of 879 

course it was a silly idea but really the time fluctuations beyond the record as it existed in the 880 

20th Century were not known at all and so we were in virgin territory. I often used in later years 881 

and maybe even at the beginning the analogy, the metaphor of turning a screw into wood or 882 

something like that, we’d learned something about the constancy of the cosmic rays and that 883 

would help us understand the history of the meteorites and then we would learn something 884 
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more about the history of the meteorites and then that would help us go back and refine our 885 

study of the history of the cosmic rays and we would [crosstalk]—  886 

LAL: A sort of boot-strap process.  887 

ARNOLD:  That cycle.  888 

KOHL:  Right.  889 

ARNOLD:  Yes, that’s right, a boot-strap process. That’s the other very good analogy.  890 

LAL: Yeah.  891 

ARNOLD:  Yeah.  892 

KOHL:  Well it goes back to your phrase that the meteorite is a poor man’s space probe.  893 

ARNOLD:  Oh, is that my phrase?   894 

KOHL:  Which is—. I believe it’s your phrase. Is that?  895 

ARNOLD:  Well, I might’ve stolen it from somewhere, I don’t know.  896 

KOHL:  I believe it’s yours so [crosstalk]—- 897 

ARNOLD:  Okay.  898 

KOHL:  I attribute it to you. When did you move to the upper campus?  899 

ARNOLD:  Uh, ’63, when we came back from India, the lab was on the upper campus.  900 

KOHL:  Uh-huh.  901 

ARNOLD:  So that is—. There was an accident, which Goel wrote me about,  I remember, 902 

and they were taking our steel shield out of the new Scripps Building and it fell over. Luckily 903 

nobody was under it and I certainly heard about that and it was also a little bit adventurous so I 904 

was there was moved in. We had to put some special beams in the counting unit.  905 

KOHL:  You’re talking about the Iron Pig?   906 

ARNOLD:  The Iron Pig.  907 

KOHL:  Yeah.  908 

LAL: Mm.  909 
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KOHL:  Which weighs—-?  910 

ARNOLD:  Three tons.  911 

KOHL:  [Laughs] Right.  912 

ARNOLD:  And I remember the rigger, the workmen who—expert workmen—skilled 913 

workmen whose job it was to bring that 3-ton object up into the lab put it on the big elevator in 914 

the back of Mayer Hall, pressed the button to come up to the top floor and walked out of the 915 

elevator [laughs] and climbed the stairs. I found out later, the elevator said it had a 6,000-pound 916 

rating and he didn’t wanna be 6,001. [Laughter]  917 

ARNOLD:  And when we walked along—. When he walked along that balcony into finally 918 

around and into our lab, we were told later by the Buildings and Grounds people that we should 919 

never have done that but fortunately all was well.  920 

LAL: Where is it now, that whole pig?  921 

ARNOLD:  That’s as far as I know—. That’s a good question. [Laughter]  922 

ARNOLD:  I think it’s with Kuni but I’m not sure.  923 

KOHL:  If it is it’s storage. I don’t think the Iron Pig went with Kuni.  924 

LAL: No, but he doesn’t do low-level counting.  925 

KOHL:  He took some bricks.  926 

LAL: Ah.  927 

ARNOLD:  That’s right, he took lead bricks.  928 

LAL: Okay.  929 

ARNOLD:  Okay I don’t know. That’s—. I’ve probably forgotten. I probably knew.  930 

KOHL:  Ah, I’m gonna have to make a note to ask them.  931 

ARNOLD:  Yes, Candace, you need to do some research.  932 

LAL: That’s a historical piece.  933 

ARNOLD:  Yes.  934 

LAL: We should keep it.  935 
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KOHL:  It certainly is.  936 

LAL: We should not lose that.   937 

KOHL:  You need that for your realia collection.  938 

LAL: Right, right.  939 

ARNOLD:  I –  940 

[END OF PART TWO; BEGIN PART THREE] 

LAL: Why don’t you ask the Harold Urey story? Then it would be nice.   941 

KOHL:  All right.  942 

LAL: So, whenever you start.  943 

KOHL:  We’re on?  944 

LAL: Oh, you’re on.   945 

KOHL:  Oh, okay.  946 

LAL: Yeah, okay.  947 

KOHL:  Well, yeah, I’d love to hear the Harold Urey story.  948 

ARNOLD: Well, there are lots of Harold Urey stories but there’s one that sticks in all our minds 949 

and I think I’m going to tell very briefly a little bit of the early version and then jump immediately 950 

to the time, the one dramatic moment that Lal and I shared. No, by golly, I’m gonna go back a 951 

step further. When I came to La Jolla, Urey arrived at the same time. We came in the fall of ’58 952 

and I found to my surprise there were two research laboratories the same size and one of them 953 

was my lab. We haven’t described it at as yet but it was a 1,200 square-foot lab.  954 

The whole facing the ocean, the whole west wall was glass with sliding doors and we had in fact 955 

to get the blinds because the sun in the late afternoon in the winter especially just drove you 956 

crazy and so I had this beautiful view and Harold Urey’s lab was in the back, same size lab and 957 

all the equipment was fine but the windows were actually looked out on nothing in particular and 958 

I thought I knew the pecking order, you know? [Laughter]  959 



Oral History of James Arnold, Devendra Lal, and Candace Kohl     April 18, 1997 

ARNOLD: And would certainly have been totally prepared to respect it so I asked Harold on 960 

arrival why this was so and he said, “Oh, I chose it that way” because he said, “I didn’t wanna 961 

be distracted by—from the beauties of nature that I was thinking about to the beauties of 962 

nature.” [Laughter]  963 

ARNOLD: There on the outside so that—. I said and that held. That was his policy until one day 964 

the whales migrate in this area and the whales were migrating south in January as they always 965 

do and a whale appeared not far from the end of the Scripps Pier, not very much further out, 966 

and a grey whale is a quite astonishing sight and so for an hour, an hour and a half, you and I 967 

and everybody in the lab were standing out on our balconies watching this whale. Maybe not so 968 

long but we were watching it and talking about it and at lunch I mentioned this to Dr. Urey and I 969 

said, “You know, I never wasted any time looking at the view very much up to now but this 970 

morning we really did” and when I described it he stopped for a minute and he said, “Well, Jim, 971 

next time you can corrupt me a little.” [Laughter]  972 

ARNOLD: So okay now we move on and the many incidents happened over the course of the 973 

next year and a half or whatever it was but the moment came toward the end of Lal’s stay when 974 

another man, a contemporary of Harold Urey’s and a man of much the same temperament, Carl 975 

Hubbs, was a marine biologist at Scripps, discovered that a dead whale had washed up on the 976 

beach in front of Torrey Pines Park, about two or three miles north of Scripps so he happily got 977 

an appropriate boat and he and his graduate students jumped in the boat and they went up 978 

there and they started cutting up the whale and making all sorts of observations but this was 979 

very inconvenient so he decided that wouldn’t work and he and his graduate students got _____ 980 

[inaudible] whatever it was they dragged that dead whale back into the water and beached it 981 

right in front of my lab, down below, on the beach. [Laughter]  982 

ARNOLD: Now that is something extraordinary. I had lived in Chicago when the stock yards 983 

were still there and the wind would blow from the wrong direction. It was pretty impressive but 984 

nothing like this and we were finding all sorts of excuses to go to the library and this sort of thing 985 

and literally the third day Harold Urey noticed the smell and as I learned the first part of the 986 

story, he went into his lab and he said to these people, “What is that terrible smell?” And they 987 

said, “It’s a dead whale” and he said, “Where is it?” And he said, “It’s in front of Jim’s lab.” So, 988 

he went into the lab and he opened the door of my lab in the usual impetuous way. We’re 989 

talking of a 70-year-old man and I’m that age now myself so another calibration point.  990 

LAL: [Laughs]  991 
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ARNOLD: Lal and I we’re sitting my desk I can’t—. I don’t used to wave my hands of the tape 992 

but I was behind my desk, desk was out in the room and I was essentially against the wall. Lal 993 

was also behind my desk and we were calculating something and we were discussing and in 994 

storms Harold Urey and he asked me where the dead whale was and I said, “It’s down on the 995 

beach” and he started toward the window. When he got halfway to the window, it suddenly hit 996 

me what was going to happen and I stood up. I don’t know whether I could have but I always 997 

thought afterwards that I would’ve tackled him if I had been on the other side of the desk but it 998 

seemed hopeless so I yelled at him at the top of my voice. He didn’t hear me. That was the way 999 

he was when he was thinking about something. I had many examples in the social occasion, 1000 

sitting around talking with him, he suddenly stops talking.  1001 

You speak to him again, he does not reply. He’s thinking about science and some idea has 1002 

come to him or something like this so I had much experience with that kind of thing. He walked. 1003 

He smashed that plate-glass window about as big as that wall over there into small pieces. 1004 

There was glass on the beach and we were scared to death.  1005 

You can well imagine. Well the something that protects people in that case. He had a cut on his 1006 

forehead. He broke one of his glasses fell off and broke and I think he had a cut on his wrist.  1007 

LAL: That’s all? Nothing, nothing touched him, nothing else?   1008 

ARNOLD: It didn’t stop him. He noticed that.  1009 

LAL: That.  1010 

KOHL:  [Laughs]  1011 

LAL: That’s right.  1012 

ARNOLD: And you know were hovering over him. We were so concerned. Two hours later he 1013 

was sitting in a seminar asking tough questions, absolutely.  This is a little window on the 1014 

remarkable personal qualities of that man. He was also extraordinarily kind and generous. He 1015 

was a wonderful colleague and fortunately and at my age I think about this he was extremely 1016 

durable.  1017 

I think he wrote his last scientific paper when he was 85 or something of that sort so it was 1018 

altogether wonderful experience knowing him but that particular moment stands out very much 1019 

in both of our minds. [Laughs]  1020 

LAL: Jim, you should tell about the Buildings and Grounds people what they did next day.  1021 
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ARNOLD: Yes.  1022 

LAL: That’s the most—. Because it’s—.  1023 

ARNOLD: You’re right.  1024 

LAL: Yeah, yeah.   1025 

ARNOLD: You’re right. Usually the Buildings and Grounds people were a little slow. Well, you 1026 

know the place was expanding very fast and they had lots of problems. I don’t really want to 1027 

criticize them but you know if you asked them to come and fix something on Tuesday maybe 1028 

they would be done on Friday or maybe they’d be done on the following Monday or sometimes 1029 

rarely even later but that very same—you know the very next day, first of all there was plywood 1030 

over the thing and the next day they were in there measuring for the new glass. I don’t 1031 

remember how long it was but it was a very short time ‘til they had a new, huge piece of glass in 1032 

there with a broad stripe painted right across it.  [Laughter]  1033 

LAL: They were very scared if I remember.   1034 

ARNOLD: Yeah.  1035 

LAL: That this had already involved in this, they can really get into trouble so they had just 1036 

wanted—. They were praying to God that nothing happened to them.   1037 

KOHL:  Right.  1038 

ARNOLD: Yeah, well they were certainly I mean Roger Revelle of course he probably heard the 1039 

crash because his office was just down at the other end and certainly you can imagine that the 1040 

news spread like wildfire. The place was small you know then and we all knew about it in no 1041 

time. Yes, I would imagine that a story in the papers that the—this famous man who’s the best-1042 

known person there had been damaged very much by this would’ve been very, very 1043 

uncomfortable. Yeah, the green flash perhaps I should mention that.  1044 

LAL: Yes, please.  1045 

KOHL:  That’s one thought. I had heard from ____ [inaudible] people I think from Roger 1046 

Revelle about the green flash and like most people who hear about it first I thought it was 1047 

mythical. I thought there really wasn’t such a thing and we didn’t pay any attention to it until one 1048 

day, Carl Eckhart came into my lab. Carl Eckhart was another remarkable man in those days, 1049 

the most famous scientist at SIO before the new wave arrived.  1050 
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LAL: Right.  1051 

ARNOLD: A wonderful theoretical physicist and a wonderful man.  1052 

LAL: In the class of _____  [inaudible] or something.  1053 

ARNOLD: Yes, right.  1054 

LAL: Above that.  1055 

ARNOLD: And oh, he said, “It looks like people have a green flash” so, okay, we all went out 1056 

with him and we saw it. The green flash, the last bit of the sun that sets is green. I once saw it in 1057 

the Tata Institute, even bluish-green.  1058 

LAL: Oh, right, oh.  1059 

ARNOLD: Beautiful two days-in-a-row so after that of course we developed a kind of green 1060 

flash ceremony in my lab down below.  1061 

LAL: Right, right.  1062 

ARNOLD: When the sunset time came around if anybody noticed you would say, “Green flash” 1063 

and that was like as if you were having tea time or something, we’d all go out and stand on the 1064 

balcony and talk to each other as human beings while the sun continued to set and finally we 1065 

would comment on how good or not good a green flash it was. There were people who came 1066 

into my lab skeptical and some of them left skeptical but in my experience,  I haven’t 1067 

encountered many people who have seen a green flash unless somebody showed them how to 1068 

see it or how look at it.  1069 

LAL: How to see it because I couldn’t see it for a long time because I was thinking there’ll be a 1070 

flash, you know?  1071 

ARNOLD: Yes, the name is [crosstalk]—  1072 

LAL: My English problem. I was never thinking the disc, then when Jim told me [crosstalk]—- 1073 

KOHL:  Yeah.  1074 

LAL: The disc becomes green then I started seeing it every day practically.    1075 

ARNOLD: Yes, yes.   1076 

LAL: It was so easy.  1077 
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ARNOLD: It was very good down there. It’s much harder if you’re here [crosstalk]—- 1078 

LAL: Now you can’t see it anymore because the sky—the horizon is yellow and red. 1079 

ARNOLD: That, too but also, we are much—. The horizon is much farther away up here on the 1080 

upper campus.   1081 

LAL: Uh-huh, uh-huh.  1082 

KOHL:  We used to see it before the trees grew too tall.  1083 

ARNOLD: Yes.   1084 

LAL: Right.  1085 

ARNOLD: Now and then.  1086 

KOHL:  Yeah.  1087 

ARNOLD: Now and then but it—not so—I noticed a big difference when we moved up. 1088 

LAL: If you are not continuing it very much further I want to tell you one story of Harold Urey 1089 

[crosstalk]—- 1090 

ARNOLD: Please  1091 

LAL: In which I was involved, it’s nothing to do with the Scripps as such directly so once when 1092 

Aruna and I were here, Harold ____  [inaudible] actually told us that we can use their guest 1093 

house because nobody is there so we were living in the guest house and then Harold got a 1094 

medal from the Greece Academy, the Greek Academy so then he and Frieda went away and 1095 

they told us to look after the house and we said we are very glad to do that and during their 1096 

absence, which was about 8 days or so or 9 days somebody broke  into their house and we 1097 

didn’t know about this and there were several of the drawers of the closet open and things were 1098 

removed there so we were very upset that this all happens during our stay there and we were 1099 

feeling terrible so the day Harold Urey, I received him, brought him home about 8:30 in the 1100 

evening and we were wondering whether we should tell him tomorrow and let him sleep [laughs] 1101 

tonight but I said that knowing him I mean he would probably get very me that “Why didn’t you 1102 

tell me yesterday?”   1103 

ARNOLD: Yeah.  1104 
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LAL: “Why are you telling me today?” So, I told him. He immediately goes there. He opens 1105 

this, he says, “Yes, my medal, this thing is gone but don’t worry that’s imitation medal, the real 1106 

medal is in the safe” and all this but there was a watch, which was very sentimental for me and 1107 

this and that and he looked and then he said, “Okay, Frieda, let’s go to bed.” So, he was more 1108 

or less separate but I was feeling terrible about this. Two days the fellow who had stolen all 1109 

these things, he came to know by reading the medal copy and that he had stolen—did a 1110 

burglary in a Nobel Prize winner’s house and he felt extremely guilty so he wrote in very bad 1111 

handwriting so he’s not recognized by police and all that saying that he didn’t know that you 1112 

were such a great, distinguished person, I am returning everything which I took from your house 1113 

and here is $5.00 for you to fix the window.”    1114 

KOHL:  [Laughs]  1115 

LAL: “But one request I have is please do not report and do not show this to the police, they 1116 

might trace it to me.”  1117 

ARNOLD: [Laughs]  1118 

LAL: So, I felt so relieved that he—that this matter—. But can you imagine a thief having 1119 

conscience? [Laughter]  1120 

ARNOLD: Yeah, oh my God.  1121 

LAL: [Laughs] And I just cannot ever imagine that so this was something, which is a great 1122 

story in our lifetime.  1123 

ARNOLD: Yes, I should say so.  1124 

LAL: Okay, I—. You are the boss; you decide whether you want to continue or you are tired. 1125 

It’s getting to be 5:00.  1126 

KOHL:  Do we have time on the tape or—-?  1127 

ARNOLD: I don’t have—. I’ve run down a little but I—.  1128 

LAL: Why don’t you tell us something?  1129 

KOHL:  No, I—.  1130 

LAL: Okay.  1131 
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KOHL:  This is not my era. The only other thing that I kind of was curious about—. I mean 1132 

there are a number of bits and pieces in here but when did Norman Fong and Florence start 1133 

with you?  1134 

ARNOLD: Okay Norman was the first of the two. I had a technician when we first came. Of 1135 

course, we advertised for a technician, the one in Princeton did not come with us and I wouldn’t 1136 

have wanted him much anyway but Maurice Anderson [?] was the first one who was a 1137 

wonderful character, a Canadian, I don’t wanna spin out the stories about him but he was a very 1138 

interesting character and then he left. He got some job that was more suitable to him and he 1139 

needed more money and so on and so I advertised for another technician and we had four or 1140 

five people and Norman turned up and we took to each other. I remember that interview.  1141 

LAL: Right.  1142 

ARNOLD: I liked him and I don’t know whether you were involved or not.  1143 

LAL: No, I was not directly involved.  1144 

ARNOLD: But at any rate [crosstalk]—  1145 

LAL: Yes.  1146 

ARNOLD: He certainly came before you left.  1147 

LAL: Right.  1148 

ARNOLD: And he was an immediate success of course.   1149 

KOHL:  Right.  1150 

LAL: Very helpful.  1151 

ARNOLD: Yes.  1152 

KOHL:  Yeah.  1153 

ARNOLD: Uh—. Ingenious and you knew him and we all knew him and that was the beginning 1154 

of a very long association. At that time my secretary was another wonder woman who is Margie 1155 

Cassidy [?]. 1156 

LAL: Mm.  1157 

ARNOLD: Who was Ernest Lawrence’s daughter, by the way.   1158 
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LAL: Right. [Laughs]  1159 

ARNOLD: And an extraordinary person.  1160 

KOHL:  That’s right.  1161 

ARNOLD: Entirely different from Florence, at that time a very young, very attractive young 1162 

woman, very tall, and wonderful sense of humor, very smart. Then she left. Her father-in-law, Cy 1163 

Cassidy, her then father-in-law, hired her away from me, which I was a little annoyed with him 1164 

about and I had a second secretary named Clara Fleming [?] who is still around in Solana 1165 

Beach someplace and I run into her now and then and then Florence, I think, was 67, something 1166 

like that and again you know Clara went away and Florence came around again, was looking for 1167 

someone and Florence was available and, again, it was a situation where I think we immediately 1168 

found each other congenial and you both know what a remarkable secretary she has been and 1169 

of course that did turn out. I mean that was another team of a different kind that that was 1170 

Norman and Florence and myself, everybody else came-and-went but for a very, very long 1171 

period it was the three of us. 1172 

LAL: How many years you said total, Norman Fong?   1173 

ARNOLD: Well, I think it was about 25 years.  1174 

LAL: Twenty-five years, that’s for a technician to work with somebody for, right.  1175 

ARNOLD: And of course, he was a—. Yeah, his background training was in physics and 1176 

electronics and that sort of thing as it was electronics-with-vacuum tubes as it was back in the 1177 

primitive days but—and we had other people. We had quite a few other people, an electronics 1178 

technician, electronic engineer, on our staff from time-to-time and then Dalia [?] in the end as a 1179 

chemist and chemistry technician but Norman had a place that none of the rest although some 1180 

like Larry Pennon [?] I feel close to but—.  1181 

LAL: And he was a unique help postdoc because they didn’t know where to go so everybody 1182 

will go to Norman Fong for help, you see?   1183 

ARNOLD: Yes.  1184 

LAL: So that was really—.  1185 

KOHL:  Not only was he good at fixing things and building things and making things work but 1186 

he knew everybody [crosstalk]—  1187 
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ARNOLD: Yes.  1188 

KOHL:  And he could always find a way through his systems.   1189 

LAL: Yes.  1190 

ARNOLD: The great—. We used to you know go and drink coffee with other technicians and I 1191 

noticed at once that we got value out of this.  1192 

LAL: Right.  1193 

KOHL:  [Laughs] Right.  1194 

ARNOLD: It was a little on the top of Mayer Hall a little bit more extended still there was this 1195 

kind of—what shall I say—circle of technicians and they you know if he couldn’t solve the 1196 

problem or if he didn’t have the thing that was needed, he knew who to go to.  1197 

LAL:  Right.  1198 

ARNOLD: And the work got done. He was—. He always loved to have something different 1199 

when we—we were—we had these bombardments that you were preparing, you mentioned 1200 

earlier, Lal [crosstalk]—- 1201 

LAL: Yeah, yeah.   1202 

ARNOLD: On the roof, that was quite a logistic challenge to get all those first of all to get even 1203 

to buy full-sized gas cylinders then to coat them properly, then to reassemble them so they were 1204 

safe with a lot gas in them to get them shipped and get them up on the mountain, all of that had 1205 

to be arranged. Later we haven’t talked about the gamma ray experiment stuff, which started at 1206 

about that time. I’ll have session on that, too, and he was deeply involved in that and all sorts of 1207 

things that h had to do and it was great and he’s still with us. I mean he’s still around San Diego 1208 

and I still see him once in a while and he’s a real friend, too.  1209 

LAL: But I must say, Maurice Anderson, for example, he was not very much of a help but Jim 1210 

was very tolerant. He didn’t take any strong action on him. Actually, I remember Maurice 1211 

Anderson once because I heard everything what you said, if Maurice Anderson wanted his 1212 

salary to be raised so he went and told Jim a long story and after it’s one to cut it short. I don’t 1213 

want to take too much time on that. So essentially at the end Maurice Anderson says, “Jim, isn’t 1214 

this a very sad story?”  1215 

And Jim of course knew that he is trying to get a raise from him [crosstalk]—  1216 



Oral History of James Arnold, Devendra Lal, and Candace Kohl     April 18, 1997 

ARNOLD: Of course.   1217 

LAL: And all this so you know what Jim said? You won’t believe it. Jim said, “Yes, it’s a very 1218 

sad story.” [Laughs] That’s all he said. [Laughter]  1219 

I’ll never forget this, you know, because then Maurice Anderson knew that [laughs] nothing 1220 

could be done. [Laughter] But this is the most pleasant way of disagreeing. [Laughter] Because 1221 

the acting is appearing now [?].  1222 

KOHL:  Totally.  1223 

ARNOLD: No, no, no well maybe it is time to wind this up.  1224 

KOHL:  Right.  1225 

ARNOLD: I think we’re getting close.  1226 

[END OF INTERVIEW] 


