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Elizabeth Noble Shor prepared this exact transcript of her 1973 interview 
with Sir Edward Bullard in August, 1983 and gave this copy to the Archives 
on September 27, 1983. 

Questions and comments in brackets were made by Mrs. Shore 
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Co~plete transcription of interview with Edward C. Bullard, August 5, 1973. 
Betty N. Shor 

I first became interested in .heat flow in the early 1930s. I'll 

send you a copy of a paper that describes some of the background of the 

early work on land. It was the British association which is like your 

triple AS -- had a COln:ni ttee on tl":€ subject, wi t.h Harold Jeffreys on it. 

And, in the period just before the war I was developing methods of making 

heat-flow measurements on land, which had been done extraordinarily badly 

before, and hardly anything had been done since about 1880. There was a 

previous British association committee way back in the l88Os, and I have 

written a historical paper on this. 

L"Oh __ "J 

The historical paper is in Willie Lee's book -- Lee and Uyeda on 

heat flow. He'd asked me to write a summarizing chapter for the book, 

and I said I wouldn't do that -- because it's too dull a thing to do, 

and then he wrote to me and said he thought this was most unreasonable 

and improper of me, and he saw no reason why I shouldn't wr1 te a s ummar1zing 

chapter. And so I wrote an historical chapter which was really a sort of 

joke chapter and was mostly about the study of heat flow in the seventeenth 

century. 

L"I see -- well, I would like to see it."] 

But it does give the more recent stuff. 

Well, then, shortly before the war I began to think about measuring 

heat flow at sea. And the war in '39 -- the war overtook the plan, and we 

didn't do anything about it. And immediately after • • • 

["Had you developed an instrument at that time?"J 

No, I had developed the ideas for the instrument but we had done 

no hardware development, but I knew what I wanted to do. And we had two 

sehemes for doing ita one was the one we eventually adopted of putting 
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a spike in, and the other was the idea of putting a kind of mattress on the 

sea floor and leaving it there and mea.suring the temperature gra.dient 

tr~ough it. Then, after the war I couldn't do this because I couldn't get 
~ 

a ship. Discovery was being used for reple~hing lighthouses, and there 

was no Eri tish ocear,ographic ship aV2..ilatl€ illlIile<iiately after the war. 

Then, I tried to get ~aurice EwinG to cooperate. He said he COUldn't 

spare any ship time for this purpose. He'd just gone to Lamont. 

L"His laboratory had just begun then, hadn't it?"J 

Just begun then in Lamont, yes. I 'd ~~own him -- I'd been to sea 

with him before the war when he was at Lehigh, in connection with seismic 

work. 

Well, then I went to Canada -- I took a job in Canada, going up there 

in March 1948. And in the summer of '48 I paid a brief visit to California 

-- it was my first visit to La Jolla. 

L "What brought you here?" J 

Well, there was a -- Louis Slichter used to run a conference on 

geophysics every year. I don't know whether it still goes on. Probably 

not. Anyway, on one of the campuses there was a conference, and this time 

I think it was at either UCLA or Berkeley, I forget which. 

l"That was what brought George here ••. "J 

I went to that, and Louis brought me down here afterwards, and I 

came -- I think this is right, and I came down here am met Roger Revelle 

arxl W al ter M unk . 

["Roger would have just returned from the Navy in 1948."J 

That's right, yes. 

L"Spring of 1948 -- so that sounds like the right time."J 

Yes, and my memory 1s that I went to a party at Roger's, and I met 

a lot of blondes. I remember Mary Flower -- do you remember her? She 



was the wife of a man by the name of Russell. 

L"Oh, yes."] 

And Martha Munk, and Nancy Van Dorn, and all th::'SE: peorle. I 

remerr: ber La Jolla as being full of blondes. 

T got on very well with Vial ter and Roger. 'ThE:~: a3kfc:l rrle to corrIe 

J 

back the next summer. I forget exactly when, but I got a letter inviting 

me to work for the summer down here, and 1 said there were several things 

1 'd like to do, &-~ one of them was the heat flow measurement. And I 

came down here -- I don't exactly remember when (I could probably find out) 

-- 1 would have thought it was probably June, July 1949. And I got here 

and it was suggested that I take on Art Maxwell, who was a graduate student. 

He was here with his first wife. 

["Did he have a first wife?"] 

Yes. He and his first wife were living here, in a little house 

somewhere, and he was a graduate student. 

[ltl typed his thesis later. It] 

Well, anyway, I decided to do two things: to investigate the westward 

drift of the earth's magnetic field, which was a data analysis problem, 

and to try and build an apparatus for measuring heat flow. 

Well, then I went to Roger and said we'd like some workshop time. 

And Roger said he was sorry, the workshop was completely taken up with 

urgent work, and it was impossible to give any workshop assistance. 

L liThe Marine Life Research Program. II] 

Well, I don't know what it was. There were lots of other things 

goi ng on toe. The upshot was that there was no works:-.oF assistance. 

Sol decided that we'd build the thing ourselves. Sol went around. to the 

C&110WI ,,~,";)t!-:q;S'E • j kQpils'" i as§i!5ta .. lee f-!)!. 
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fellows and I hadn't got any workshop assistance -- couldn't we work in 

the workshop, Art Maxwell aIXi myself? This was obviously a slightly 

embarrassing matter. B'.lt we we,.t down to the old workshop in the old shed. 

Is it still there? 

["Yes, just south of T-J."] 

Yes, just south of the old aquarium building -- yes, it's the 

temporary building south of Scripps. 

["I believe that's the shop area, or do you mean on the other side?"] 

No, I mean right on the beach. 

["South of where the Director's Office now is. II] 

Yes, that's right. 

[''The shop is still there."] 

I got an office -- I shared an of fice with W al ter Munk., over the 

old aquarium, over the old director's office in that -- whatever that 

building's called -- the original building of Scripps. 

[''Scripps Building. ,,] 

Yes. 

["Where I'm working, where Hubbs is working now. ,,] 

Well, we settled down. This was a substantial job. We designed what 

-- it was the first time I think that anyone at Scripps had had a watertight 

equipment for use in the deep sea. I remember the expert advice from Isaacs 

and so on was very much against this. They wanted us to build an eqUipment 

that was full of oil -- the recorder, the electronics and everything 

immersed in oil. And I decided against this. I decided to build a 

watertight apparatus made watertight wi~h O-rings. 

["Tha t was new, brand new." J 



5 

That was, I think, bram new. Am we had some interesting experiences 

with it. First of all, we had great difficulty in getting sufficiently 

strong tubing -- alloy steel t\.:.t~ng seemec. not to be available in sort of 

one-inch thicknesses six inches diameter. We eventually found that the 

people who made ball races . . . 

['"Made what?"] 

Ball races. Ball bearings -- the races in which the balls r~~ -­

made them by slicing them off steel tubes, am we found a man -- r think 

it was SKS, one of the manufacturers of ball bearings and ball races, 

supplied us with a piece of tubing. Ani we got some end plates out of 

good alloy. The stuff was about six inches internal diameter and about 

3/4 of an inch thick, something like that. Am we made up things out of 

this, with O-rings. Of course, the O-ring had been introduced originally 

for aircraft-hydraulic systems during the war, and was then introouced 

into the uranium diffusion plant 

["Oh. ,,] 

as a matter of making it pressure tight. 

["r see.j 

And I 'd known of it from these sources. And we decided to use this. 

And it proved extremely effective. We went out am tested these containers, 

and we never had a leak. I've never had a leak from an O-ring container 

at sea. 

["George has had success with O-rings on the --"] 

Well, they're used in everything now of course. They're used in 

cameras and seismic equipment and all kinds of things. 

L" -- the air gun."] 

Yes, they're used for everytr~ng. 
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And we made a very clumsy apparatus for this purpose. And we decided 

to do something which I thought I understood rather than something I didn 't. 

So we bought -- at least I got frorr. the British Adr..ir2..1-:y galvanometers, 

,.hich we:re very robust am which could be used horizont2..11y. Arii we fixed 

~,Lese a;d ·J3ec. p:-,otographic recording and. therm:<::o'J.;::J",~. .;0::"" we..:: 

thoroughly old-fashioned equipment, no electronics, pbotogra:;;Lic recording, 

galv~~ometers, reversing switches for eliminating thermal emf's in the 

equipment. 

And this equipment I afterwards used myself, so it is the equipment 

I describe in my first paper. 

Well, we decided to allow the full pressure to come on the probe 

itself. So the probe itself was filled with oil, and the recorder was full 

of air. And we had pressure-tight connections between the two, aoo, sort 

of looking back, the whole technique of fitting the connections through 

I remember we had a good deal of trouble with getting the connections 

through, and eventually I decided there was too much advice in the workshop 

on this, and I took the em plates home. I was living in Cole's Book Shop. 

["Oh."J 

And I took this home, and heated it on a gas range and soldered the 

connections in -- little glass connectors with a little metal skirt, and 

soldered them in. 

["Was Art Naxwell working closely on this?"J 

Ee was working on this -- we were both 'Horking on the lathe ma}r.ing 

this thing. Of course, we had to make this photographic recorder -- you 

see, we had to make a photographic camera and all the associated supports 

and. tr.ings. 

Well, a;.~,-wa;y, we made this apparatus in tbe co:.t:"se 0: about c.. couple 

of months. And we took it to sea. We had trouble in getting ship time. 
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What we wanted was a day or two of ship time to go out and test it, you 

see. We did all the testing. I remember the first testing we did, we 

built a sort of gallows down at Mission Bay, which was then a marsh of 

course -- and strun5 the apparatus up with the galvanometer and things in 

it arl:: climbed up a bdder and cut the ropes and let it drop to see i: it 

would go into the mud and see whether the shock would break the galval10meter 

and all this kind of thing. 

["That·s very soft mud, though."J 

It's pretty soft mud. Well, it's the only mud we had. And the mud's 

pretty soft out in the San Diego Trough. 

Anyway, we then tried without any galvanometers in to see if we could 

get it into the mud out in the trough off San Diego, and we got -- There 

was a tremendous amount of sort of testing to be done. I t was an entirely 

new thing really. 

L ''True, true. It J 

and we discovered the trouble that if you put a thing into the bottom and 

left it there you couldn't avoid pulling it am bending 1 t, am we tried 

tubes of various lengths and various diameters, to see what we could do. 

And we more or less discovered what we could do and what we couldn't do. 

And finally we took it out for a run with the whole apparatus to try and 

measure the heat flow -- and we got no records at all. 

L"Everything worked?"J 

Everything worked. Except we didn't get any records. And we spotted 

what it was. It was condensation on the mirrors of the galv~~ometer, which 

we'd not thought of before. So we put drying equipment in and got rid of 

this. But we never got any results that summer, and I went home. I was 

director of the National Physical Laboratory. I went home and had another 

similar appara. tUB built, and I got results wi th that. 
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["Did you mostly build that one yourself, that second one? ,,] 

Tr4t was built of course by the NPL workshop. We had some of the 

best wo:::ks:lop facilities in the world. 

["You directed other people to --"J 

\rIb,at I did was -- I was at home. I had superb facili ·~les. and no 

question as to who was going to use them. You see. I was director of an 

operation spending many millions of dollars a year. And if I said do 

something they did it. And so I had proper working drawings made of the 

equipme~t and had it built in a proper workshop and so on. And we took it 

out and it worked every time. 

["You tested it then off England?"] 

Yes, I'd done all the testing here so I just made a new apparatus 

and took it out to sea and it worked. And we got ~ first heat-flow 

measurements essentially with the apparatus here. 

Now that '5 all been published, so the dates on this are all known. 

["Well, published where, Teddy?"] 

I'll give you all the references. Our first paper was published in 

the Proceedings of the Royal Society. You know the two letters in Nature, 

do you'? One from Roger and Maxwell and the other from me? 

["No. ,,] 

Well, I'd better find these for you. Let me find these references 

and get you Xeroxes. 

["I 'd be most grateful. I don 't need Xeroxes. All I need is the 

citation. ,,] 

Well, wrat happened was this. There was a little -- ~ell, not exactly 

a misunderstaniing -- but I understood that the group here am ourselves 

were going 'to publish a joint paper. And I was very busy ano. I field up 

publication of our work for some time, ani eventually the paper -- the 



9 

Maxwell letter to Nature went in, and I put a letter in in the same article, 

in the same number. 

l"I see. ,,] 

We didn't publish a joint -- well, then afterwards we published a 

joint paper. 'l'here was a bit of a ffi'..lddle abot:t pub:ic2. L:,: .. 

Do you know -- now I come to think of lt, the b".:siness about taking 

the things home to make the go-through connections was at r~?L -- it was 

the NPL workshop that was making a scene about this. I tr-inl~ we did it 

here the same way by soldering them through. The h7L was rr~king a fuss 

about this. 

["What's the NPL?"] 

National Physical Laboratory. It's like the Bureau of Standards. 

And their workshop was making a scene about go-through connections 

pressure-tight connections in heavy plates. and I took it home and did it 

on my domestic gas-range. And I think this rather shook the place, to have 

the director take home the thing and actually do the soldering when they 

said they thought they COUldn't do it. That was in Englarrl. It wasn't 

here. We did it here without any fuss. We did it ourselves in the 

workshop. 

There was a curious incident. There was a certain feeling of holding 

back in the workshop, and we were told we must never go in the storeroom 

without asking the head workshop man. 

["''tiere. ,,] 

Yes, and I went along with this. It was no trouble to me but there 

was a certain feeling of strain with the workshop Ilanager who shortly 

afterwa..."'1is was found to be stealing stuff from the work.s~lop and Selling 

it in San i:iego. 

[t~e would not let others come into --"] 
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He wouldn't let them go into the storeroom because he was stealing 

stuff out of the storeroom a.nd selling it. He was dismissed eventually, 

["r see. ,,] 

shortly after 1 left. And it was obviously the greatest er.;barrassment te· 

!'-.irL to have two nercbers of the facilities -- one rne:r::Ofr c: the staff and 

one graduate student -- every day in his workshop am working late at night 

and so on. 

["Very inconvenient. II] 

Yes, we got keys to the shop and everything, and it was really to the 

last degree inconvenient to him. 

["1 shan It ask you his name. "] 

1 've forgotten his name. He was very good to us and very nice to us. 

And eventually, actually, some of the heavy machining was done. 1 said to 

him one day, I said, "Look, do you want us doing the heavy machining? 

These are big lathes. We're not professional mechanics. We're turning 

considerable material, these alloy steels. Wouldn't you rather do this 

yourself? II And they did -- the actual outer container was machined by the 

workshop staff in the end. But we machined the rest of the stuff. 

Now there is a complete description --. The apparatus we had here 

is essentially the same as the ap:pa.ra.tus I built in England. And 1 have 

a very nice photograph of Art Maxwell on the first lowering, Art Maxwell 

standing there holding the thing over the side on the first lowering. 

L"r'd like very much to see that. "J 

r'll send it to you. 

Well, now, so that's essentially the story. A~ then afterwards 

Art Maxwell, Roger and I wrote a summarizing article o~ the whole subject. 

C"After that Midpac --"J 

Yes, it was about a year later, I suppose. It was published two 
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years later. It's a review article about heat flow. 

["That I should read. It occurs to me that there's probably a good 

sun:mary too that I must have read years ago in Art Maxwell's thesis. II] 

Probably is, yes. But I'm saying that the critical things ~o look 

at are: those two letters in Nature, which are the first pu"':::lic~tion!:, t~en 

there is my paper in the Proceedings of the Royal Society. my first paper 

in the Proceedings of the Royal Society describing my own measurements, 

and there's our joint paper with Roger. 


