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S one @ wmﬂu&d S
I notice that you say in , Professor Revelle, that

you grew up close to the sea and always were attéchéd to and had the
mystery of the sea about you. Is that your explanation of how you ended
up‘in oceanography?
Not exactly. I was—= praduatelstudentir] majored in geology at Pomona
College. Afterwards I spent a year as a teaching assistant in the
Geology Department at Pomona. Then I went to Befkeley as a graduate
student in geology and a teaching assistant thefe And the then-director
W&L7 la\J V@q,k(k
of the Scripps Instltutlon, a man named Thomas Jaylen Vewglm, came up to
Berkeley looking for a geologist, a graduate student in geology, to spend
a year at La Jolla looking at some mud}(.;ud that had been collected from
the deep-sea floor by the nonmagnetic yacht "Carnegie." .
‘”Carnegie" had a tragic end. It blew up in the harbor of ;gg:;;in
Samoa. The captain ahd cabin boy wefe killed and the ship was destroyed,
but they had thé good sense to send all their samples off at every port
they stopped at. And they sent all their bottom samples~-as we used to
call them—-samples of the bottom sediments; back to Washington. A man
named John A. Fleming was then Director of the Department’of Terrestrial
of :
Magnetism &t Carnegie Institution, whlch was the operator of this nonmag-
netlcris;eaff‘t‘.? asked VO—(»?‘C‘OJ-;

Z agked-Bamghn if he could, if Scripps Institution coulé)examine

¥ AEnd et who
these. eead'somebody #wom Scripps &het could examine these sediments



Vaughea
and later report on them. And ¥aughn—came to Berkeley looking for

somebody to do this. There were two of us who applied for the job, a
man named Bill Rand and I. TInterestingly enough, both of us ended up

ywved o o openedor
involved with the ocean--Bill Rand is the opexa;or of the-various kinds

ex Plovedin ad 4y, ”“9

of equipment for the oil companies for underwater oil &EF excursions.

L—got—the~}oE§_and'The reason I applied for the job was, basically,

suw
because I was about to get married to a woman named Ellen Clarlwwho was
A

a Scripps. College student and a niece of Ellen Browning Scripps (more or
vleu ur'-a*&ftlha,}

less the patron saint of La Jolla). She-had This house rlght here mhigh was
, (‘7349 Vista 0ed Mow) . A
her mother' SA~ It didn't look much like this then, but it was in this
location and the central part was there. We'd come down here in the summer =
time a good deal. It was during our courting perioirnstarting in 1927.
She was just graduating from Scrippi‘and we were about to get married, and
we thought it would be a good way to spend the first year of our married
lif%w here in La Jolla where she was born, where she'd spent her summers.

ﬂ ) .
So, I applied for the job and got it.

At that time, Scripps Institution was a very small place; there were
only five graduate students. +#md I believe there were only five faculty
members and a . total staff (counting the students and the faculty) of about
30 people. 4md I started looking at thg@se muds and learning how you look
at mud. Two of the other graduate students were a man named Richard

. most o[-
Fleming, Richard Howel} Fleming, who has wmestdy spent the last 25 years,®
A .
guesg, at the oceanographic laboratories of the University of Washington,
and‘a man named Maynard Harding. I don't know what became of him. They
were both chemists.
One afternoon Dick Fleming came into my—iab—where—l was=~the lab I

~
was sitting inf#and said, "Well, you're the new boy here and we're

supposed to g0 to Sea..Weltl—see—yow tomorrow and take an oceanographic



station.'" And I said, "Okay." aad\&) got - up about two o'clock in the
morning. We were all living out therevat Scripps Institutioe; we had a
group of little cottages around the 1aboratory‘building, whidh:;:;ibuilt
in 1916. Dick Fleming lived in one of these and I lived, Ellen and IJ\\JG’—A
. o
in another; he wasn't married then He came and plcked me up about two,
tw%tféczty in the morning. We drove down to San Diego to Point Loma
where the. Scripps Instltutlon ship was tied up. The ship was an ex—purse-
seiner calléd ﬂfhe”Scripps" about sixéaé%ive feet long. It had one
professional crew‘member, a guy named Murdy—Resss—er Murdock Ross, a
Scottish railroad engineer. He'd come down to San Diego from British Columbia.
I always used to say his.idea of keeping a ship in good shape ;;f;q keep
it povered with grease like a locomotive. That‘wasn't quite true, but he
was primarily a railroad engineéf, not in any way a sailor, But he ran
the engine, and then we th?ee were the crew—-Harding, Fleming, and I.
We started out about threéithirty in the morning and got off‘Poiﬁt Loma
about 15 miles to a deep area known as the SanADiego Trough., And we
started to take a station. Scripps had a progranbstarted by one of the
faculty members named Eric Mob@rg, a chemist, to make weekly 6bservations
of the nutrients in thé wafer——the phosphate and the silica and the
nitrat%&?nd the oxygeﬁ content of the wateryfand the temperature and the
salinity of the water and to collect plankton samples, And we did this
verkiced
by stopping in one place and taking a'?erleé of wereical samples of different
depths=- jaee—ﬁﬁe sample é;f;acb of about 15 depths. This used to be
called--probably still is calléd——an oceanographic station,

About 11 o'clock in the morning, the other guys said, '"Well, you're
the new boy, so it's your job to cook dinner." Well, I went down to the
gafﬁey, and I...Scripps has always had a policy of feeding very well,

! (<. 9]

We had steak and boiled potatoes, lettuce and tomato sala%} It wasApvery

good,;?simble lunch., And the other guys came down and ate this dinner



in absolute silenee, not saying a word. They didn't say whether it was

good or bad; they just ate it. That's the way ®Wmt sailors are: they hardly
ever say much when they eat; And after about ten minutes, after they'd
finished wolfing it down, they got up and sijpd, "Well, it makes us seasick
down here, and we'd better go up topside again. You'd better do the dishes."
I didn't get seasick so I stayed‘and did the dishes and cleaned up and went
back up, and we finished the station. #e came jm-back to San Diego; as I
remember, we got back just around duskf It must have been about 7:30, 8:00
in the evening. And this was an absolutely marvelous experience. 1I'd never

AL yu‘gtvavktu
really been on aAship before in my life. 1I' d 1ust gone to the beach in the

(B core th

summertime. {We lived in Pasadena, aﬁd when I was a little boy, we lived in

Nevmgs o

&odamdo Beach) And we'd go down to Balboa in the‘summertime'i But I'd never

really been on a ship before, except the old“bongreséf that was a passenger

steamer that sailed up and down the west coast. This was such a wonderful

experience that I decided right then and there I wanted to be an oceanographer,

You had tnis marvelous business of doing science and being a sailor at the

same time. So after that, we went out quite regularly on the“gcripps.’

‘The #Scripps™ was an old purse—seiner——thatfs aa—e:d fishing boat that's used

off this coast with a special kind of a net called a purse-seine, We never

went very far, but we used to organize cruises to sail in ®eeS® southern

California waters—-about 100 miles offshore, about 150 miles north of here,

and a little waya fo the south--studying the ocean, essentially the water

conditions off the California coast. ﬁ%&te; a couple of years—-this was 193%™

about 1933- 34 I'd been at. sea so much that I actually became the skipper of
M exawiw dlon by

this little vessel. I took a small boat operator's licenee up at San Pedro,

and so I was in charge, By that time, we had a cook as well as an engineer,

I was the assistant engineer at first, When ne nere on these cruises that

]:;ted a week or more, shy T would spell the engineer, Murdy Ross, in the

engine room. And later we had this cook, Frank...I've forgotten his last name.

And I used to insist that we keep



the ship cleanY¥gad I'd boss the other'graduate students, research assist-
ants, around--some were not actually graduate studentsj?{%ﬁd they didn't
like it very well. I was fairly nautical, fairly much like a skipper
should be, I guess. But, anyhow, we all got alo;g. We went on several

of these small cruises iasting a week to two weéké, éoming into port at
San Clemente Island and in Santa Monica, Santa Cruz Island, San
erd Santa Rosa Island, Sanfa Barbara Island, and Cataiina, too. We used

to anchor at the isthmus off Catalina. These were mafvelous things tokdo.
Finally, in 1936, after five years of this, I finally got through looking

at the goddamn mud and got my Doctor's degree at Berkeley. Scripﬁs
Iqstitution wa%#?thegéjpart of the gfaduate school at Berkele§;&;%;fk
outlyihg field stations

In the meantime, I'd done quite a bit of work with Moberg and Fleming
on the chemistry of seawater; particularly,Fleming and I did some work on
the solubility of calcium carbonate# in seawater, one of the earliest
papers published on that. There were four of us--Moberg, Greenberg{
Revelle, and Allen--who published a paper on the buffer me;hanisms of
seawater. My contribution tb this was to show that boric acid was part of
the buffer system of seawater. ©Not only calcium carbonate, the carbonates
and bicarbonates and the cations, like calcium and sodium, but also there
was some effect of boric acid; and that change) ﬁhe relationship between
ph and the amount of carbopéted water.

An%)about 1933, Dr. %Eﬂéﬁﬁyhent on a yeér's sabbatical. He was
chairman of a committee of the National Academ?,of Sciences to look at
oceanographic institutions all over the world. T was really lagging way
behind with this mud; I was doihg all these o her.things on ocean chemistry.
He™rote a letter back to Dr. Moberg, who wa ggtg[féirector of Scripps

then, "We've just got to get this fellow Revelle back on the job of looking

Nicolas S5l
Ni-eatoT J
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at this mud. Otherwise, maybe we'll have to fire him." This was right

in the middle of the Depression, '31-'36. Moberg was very much against

P *
< .

tha%i'because he thought I was doing okay, even though I wasn't looking

. ’ [ 4 .
at the muéﬁ\ At one time dﬁ%ing this period, the University' of California’

was very short of money, and they were thinking that they would have to

fire all the research assistants down there. In order to keep the

research assistants on; I believe the faculty actually took a voluntary

reduction in salary; Another couple and Ellen and I were trying to

prepare ourselves in case we did get laid off. Her mother had a lemon grove

up near Riverside, and we went out to look at that and sée if we could l%;; :

there and grow lemons in that lemon grove; It was not a very promisihg

prospect. Anyhow, they didn't lay us off. So we étayed on, and I finally

got my thesis‘written on the marine bottom samples collected byvthév

yacht “"Carnegie.®™ I got my Ph.D. in the spriﬁg of 1936 at Berkeley.

That was when the Scripps Institution was part of the graduate diviéion of

the University of California at Berkeley. UCLA didn't have a graduate

division then, just undergraduate. It was clear that I was quite determined

to stay on, so they promoted me to instructor. My salary went from $1200

a year to $1800 a year, and I was an instructor until the war came along.

I went on active duty in the Navy.

That's in 1941, though. Between '36 and '41, what sort of projects did

you work on at Scripps?

Well, the first year after...'36-'37, our whole family went to Norway

where I had whaﬁ would now be called é post-doctoral fellowship, although
Ve ‘\Cx

we paid for it, at the Geophysical Institu;e in_Bergen. Dr. Vanglﬂ

retired in 1936, the Suﬁmer that I got my Ph.D. His place was taken by

I*Lﬁv-ve (’ .
Hggbtd Sverdrup, who was a great Norwegian oceanographer, probably the best

oceanographer of his time,_physieat-oceanographer. Norwegians were leaders

in physiéal oceanography for about 50 years--40 years, at least—-because



V,FMM\ Byentues

of the influence of a man named Withrelm Bjdrkmess (%) , a theoretical
. ’
Physicist,whose.specialty was hydrodynamics. He invented:iﬂdll, he really
applied hydrodynamics to{fplanetary circulations of both the ocean and
the atmosphere. And there was a whole group of Scandinavians at that time:
Vel Eitman : Clm an ,
Eekman, who was the inventor of the so-called kekmam Spiral, which

is the theoretical way that a wind-driven current turns to the right in the

'§L }\ rgjﬂv" L@Qq)uT

srthern Hemisphere as you go deeper in a spiral; Bufes Heliand—
who was essentiallzg a descriptive pbyéical oceanographer. He was particu-
larly concerned with the accuracy and variability of observations. He'd
been a colleague of Fr%;ogf Nansen, the explorer and world citizen who
invented what we call the Nansen bottle, a bottle for sampling the water
at different depthsj:éndingenious device for closing the bottle by a
weight that you drépped on‘the cable when you wanted to close it.

ldansen g G ,

Hellend-Hansorn used these.Nansen bottles iw reversing thermometers to
_ . : - wiTh
make very accurate measurements of temperature, and‘Fhe water samples that
) ‘ »
they collectegl..they could make very accurate measurements of salinity.

From these, it was possible to compute the surfaces of equal density in the

ocean and the surfaces of equal pressure, or the pressure differential.

g And those people in Scandinavia, particularly Bj@rknes$ (74 and his
y

followers, developed the theory of pressure-driven circulation in the ocean
in which the preésure gradient was Eélénced against the Coriolis force
that...not réally a forcé, but because of the earth's rotation, currents
turn parallel to the pressure gradient instead of at right angles to it, or
nearly parallel. ~The‘real balahcingvforce, of course, is the force of
friction, but that's—-the only way you can get that to balance is to have

) Contours
the current running very close to parallel to the gurfaces of equal

e : .
pressure--running along the hill instead of down the hill. This theory of

pressure~driven currents was an equilibrium theory; it didn't allow for what

we call convérgence or divergence. You had to have continuity at every



plane, every horizontal plane, where what actually happens is that in

some places the water converges and sink%5.0r~§isest In other places, you
: _ ' ' N .
have a divergence. Agtuallyg Tf you have convergence, the water sinks;

if you have divergence, the water rises and spreads out, And this theory
didn't account for that. Efkman's theory,,on'the other hand, was based‘on a
balance between Coriolis force and the stress of wind, the friction of the
wind on‘the sea surface. . And, again, essentlally it was a secord -order’

@ﬂt—u‘* It befora v/k"‘“@

effect—— he viscous friction in the water, so-called turbulent friction.

W od e

And there was a man named Otto Peterson in Sweden who,had—deae a great hany
. v. L3 en.
d@a&—e&Loceanographic observation. A gqﬁat Dane, .a—man named Martin Kaazscn,

worked out the method of measuring salinity very accurately and the- tables,

\(M\AJSQKS ]
the so-called Kawtsew's Table, that enable you to translate temperature:

and salinity into density, Eikman was involved in that,too. And at the
same time,. there were a lot of great meteorologists there at Bergen:

vA K V}“Uﬁ-\
ac Bjerknes# betredm BJerknes¥ son and a-men—named

A . .

SvevrL Seexa Peterson; Carl Gustav Rossszwho was a Swede who had come to the
United States but was really part of this Scandinavian school, although
he spent quite a bit of time at MIT. So)during_the early part of this
century and up until after World War II, the principal leaders in this
kind Bg:physical oceaﬁography,-the study of the currents,or what Sverdrup

m o>ty '  crnly

used to call "the motions of the oceans,' were a** Scandinavians, mest%y
Norweglans, but some Swedes and some Danes, and seme-Germans. And there was

)M¢¢f3

also a great Austrlan named Albert Defant, a German named Mewits, and

Wast  wisd
another one named quse Geuse was primarily a descriptive oceanographer.
All these people attended a meeting of the International Union of
Geodesy and Geophysics 4‘1 Edinburgh in 1936. I met them for the first time

a MHJ‘) +b LG Jvucﬁ

th#re, except for Sverdrup’ who wsaid come out herg\w1th his wife and
daughter. I met him out here just briefly before we left. And it turned

out, actually, I would have done better just to stay here and work with



‘him, in terms of research and learning.
But we had a wonderful time in Norway, the first time either of us had
ever been outside the United States. We had our two small daughters with

us. One of them was ahau.r;f_(m_mars_elé—,——-aﬁd—ie;xems, oh, about three and

one~half, and one was six months, when we went there. And, of course, a year

men 5o

later when we came back, our oldest daughter she talked English

w hey we Frsl stapfed
with a strong Norwegian accent. Our youngest daughter was quite 111“ had
diahrrea, and she just got thinner and thlnner and punier and punier, and

We...w I remember’. one night we were very worried about her; and I got on

a streetcar. We lived at.a place called Hope just outside of Bergen, next to

L«l‘nﬂ% W "‘ e \

another 'littie suburb called Peradise. I got on the streetcar and went into
town to see a woman doctor named Johanna Scram Anderson. I was scared to
death that Mary was really sick. And she gave me some fruit juice called
’saft‘,{and she said, "Give .the child some of this several times a day."

We did, and she got well. Those were before the days of antibiotics, or
even Sulfa drugs, I guess; I'm not quite sure about <itx e h”uw'

One of the

Jak Byerknes
couples we became very good friends with were ¥k and Hedvig G:é—eplees-
Jock Bpevines

#al—GCertness was the inventor of the theory of air mass analysis. Durlng

Vaev Vars mz
World War I, he had had the job of running what they call the Wer—SBarsiing

e &5 Vestanded— e gervict |
and—Peuwl-Bestline weather forecastlng for western Norway. Of course, there

were very few ship reports. The radios were all silent. He had, somehow,

to make forecasts for the fishing vessels, and he developed &his theory of
have diferent
fronts between air masses. Air massesA physical characteristics...ene—air
4 sene o mars $ Jcs |
yss——sl—a’:—gbé—l-y—cold froﬁt‘iln which tge cold air under the warm a1r, and &
15 op 2 wmeass 5/ de>
the warm fronthln which t.be warm air s&fd€up over the cold air. And I

leeﬁ‘ned something quite fundamental from him; and that was that a good

'Jﬁok
scientist really lets Nature take the lead; that—isy-he would never try

to force the weather, never try to have a theory about it or a predilection
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about it. He'd just lie back and let Nature tell him what was going to

happen. And this was remarkable. It's said to rain 32 days out of every

Q)M fAQ
month in Bergen. It does ralnAeverv day. ¥owu could look at the weather

map and say, '"It's going to stop raining at 12:15, and we can go for a

. . ; ece .
picnic. We have to be back by 3:15, L e the rain's going to start again.'

and he was always right within 15 minutes, both ends——really juet incredible.
Svcvv{
Another man was g.-man-—named-Svera Peterson, who later came to this

country and became a professor of meteorology at MIT and fpresident of the

American Meteorological Society. He was a gped;first—rate meteorologist
DAt hawe B yevtnes
but not—reatly aem—of the great intuition that ox =¥ had. Another man
od)
was an eng%?fer named ©g Dahl. He'd been with Sverdrup on the *Maudf" Expedi-

1S ev gl Ao, —
tion. ¥ was the thing that really shaped Sverdrup's life. The
N

Norwegians, ever since the 1890'§i;When Nansen sgkaLimg.succeeded_ia‘
freezing his ship, the *'Fram,™ in the polar ice, had the idea that you could
drift across the North Pole if you got in the right place in the Arctic Iq pqu

Ocean in a ship or something to live on. The other great Norwegian explorer,

eou’r’

Amunds@n, had a ship built called the ,’Maudg’ and they

1915 ev 1419,
tried this stunt again in the—3928's JUSt about the end of World War I,

4

going up to about 1923 or '24. They actually tried this twice, and all
together Sverdrup speﬁt seven years frezen in the Arctic. This was a pro-

found experience. There were only about five or six of them on the

“#Maud a Very, very small creyx é} belng Norwegians, they managed to

get along together for this ungodly long time~-what seems to me to be a

bejy,
terrible g—terrible situation. They did this by hgving_bJZa‘very rigorously

1“ﬁ”°4

disciplined. Sverdrup went off one winter and spent a-winter wilh the

Chukchi, the Eskimo-like peoplezrho lived in Siberia, and wrote a book

4 Ve kb ov ok W

abdut it called ¥est Chukehi Fglbéﬂ wi-th the Chukchi People‘ Most—of-the
WI\CV( ke wreg DV((CL( ’Stu fr

pime—he_waeﬁ'ﬁbe had a very full program of observation§ all kinds of geo-

o . '
physical phenomean. He spent years and years writing up the results. He
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was at over this by the time he came to Scripps, but he was then working

e exgedfia on w
-on the results of the * arnegie, af—thids nonmagnetic yacht that I was

telling you about. And he really brought science, physical science, to the

\/qu ‘ldh
Scripps Institution. Vaagha his predecessor, was a paleontologlst

e
interes?\in corals. He was, I guess, the leadlng authorlty on taxonomy
: oW ,
of fossil coral§ and also &1 the taxonomy of the larger foraminifera, these
Proamid (Fes Wt’t‘m’” W T5pfin pyramds,
big things like thea@n%é&gh&s that you find in & And the way he got
into oceanography was by deciding that,in order to understand dead corals,
he had to understand living corals, the ecology of living corals. He
made a famous series of experiments in which he took little pieces
of coral and stuck them to semething dike a board or something like that and
hung them in the water, tropical water, ‘and watched how fast they grew. <ive
QE%Qﬁ‘fhey grédw surprisingly fast, about one centimeter a year, or some-
- thing like that. And he always talked about the interrelations between
we S
marine organisms and their enviromment. That's what he thoughtAone of the
jobs that oceanographers had: to find and study those things; that's

" He wasn't very interested in physiology

something we now call "ecology.
or biochemistra({iadidn't understand biochemisfry, and he didn't feally
think of marine.organisms as most biologists do—-as simply instruments for
studying biology. He thought that oceanography should be concerned with, as
I've said, the ecology of marine organisms. In this respect, he was very
much like his predecessor, William E, Rittef, the first director of
the Scrlpps Institution.
R\ Hev |

Ridder was a professor of zoology at Berkeley, and he founded something

here in La Jolla called the Scripps Institution for Biological Research.
A rede |
And if you go downKthat'sgsyve-down by the Scripps Institution is still
: Vq‘tg QY‘ le&“' » "

~
called the biological & : L -have often wondered why it was called ‘that,

’

‘buo,‘hhen I, o0f—course, found much later that it was simply because that's
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where the Biological was. And Ritter was...had exactly the same notion

V‘QR kab— @\qv& n .
that Qauggn had--that you &kad to study whole organisms. He wrote a famous

book called The California Woodpecker:and I which argued his point of view.

At that time, biology was going in just the opposite direction; it was going
down from the whole organism to organs and to cells and to moéécules.

- o
And that's been the history of biology, really, for the last #9 years or so,

wpl 7/ : laa
&0-yeaxrs, since about fﬂ!@« And%&his, of course, led to a revolution ef-

biologye Sut we're just now com;ng back to Ritter's idea that we have to, . .

‘ X : a
that one of the important things that we need to learn about (very much

A

more difficult subject than the study of organs or cells or molecules) is

the study of the whole creature, the whole animal or the whole plant ,..rou
%row., in relation to other plants and other animals, which 4 a major part
N

l
of wheTr environment. Ecology is a very 1mportant subject which is
| Tleve erve hot
worked on by a completely inadequate group of people. Pgrhaps—therals net
enough competent people in that field. It was because of Ritter's disguét,
really, or his vigorous oppbsition~to'the reductionists, that the Scripps
Institution changed its name in 1924 from Scripps Institution for Biolo-
gical Research to the Scripps Institution for Oceanography. Welds—it—became-
«gﬁ“ In B 8GOy )
started @& kx every summer for about seven or eight years,
/4 , ' )

establishéﬁé a biologistd§ summer camp somewhere along the California coast.
In those days,vevery university and every college tried to have a marine
biological camp or station because there's such a wonderful variety and

mavint '
diversity among ke organisms. And he had a summer camp in various places.
He ended up in Coronado and interested $#® a man named Fred Baker here in

o
San Diego =md his work. And Baker persuaded him to stay and settle here
and have a permanent station, or, at least, to come here year after year in
~ v

the summeg»gime. And the last one they had, the last one of these summer

stations they had, was in the cove just north of the Valencia Hotel here in

Te
La Jolla. %ki;d then Ritter became a very good friend of E. W. Scripps, &
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newspaperman. Scripps was a monologist; he talked all the time. And

Whe
Ritter was one of the few people that could talk back to him, and Scripps

was fascinated by this. He said, "I'm not endowing an institution. I want
to endow a man named Ritter." Scripps managed -to con the city of San Diego

] ' into giving, or &e selling, him a pueblo lot. San Diego's an old Spanish

Is cmﬂcd
pueblo, and it has a great deal of land which we. @a¥l the pueblo lands of the

ol Scv Piejp.
city’\ And they divided this up into 1ots of about 180 acres. La Jolla's

on seweral, two or threeﬂ of these lots; and there were 180 acres where the

| Scripps Instltutlon is now whlch Scripps was able to buy from the city for

‘1 ‘ $1,000. /\y‘md‘

worth more than $1,000 even then, of course, but he got it
| P }QC{

very cheaply in order to establish and build a permanent jmzddimg there for
the Scripps Institution. The first building_:he;e was the so—called Scripps
Building, which is still there, built in the early 1900's. &yégg 1912, the
J Institution became parr of the ﬁniversity of California as the Scripps Insti-

tution for Biological Research. Scripps and his sister, Ellen Browning Scripps,

all together gave them an endowment worth about  $500,000, in those days, of

| : _ By et Qrefe 2 Cowgansy whd,
| stock. Most of the gtock was in The Detroit News, :

| Uokes T Dtvod Wens ) celled) fssot i A @ duvdead?
ﬁ‘vﬁ\CM* F“ia& The Evening Ne sﬁ And they still have that stock. And :gg;ﬂprovid%f or

used to provide, the salary of the director but, of course, a very small

[ | part of the total budget now. 22;Wt£; QZ:prs Institution became the Scripps
Institution of Oceanography. The name was changed basically because of Ritter's
<§_u~»~feeling that biologists were going in just the wrong direction. And
it became &hem- the first oceanographic insritdtion in this country, one of
the first in the world--not the first in the world, but one of the early ones.

ﬂ{i Woods Hole Oceanographic Institurioh; which was the next major idstitution in
this country, was started about 1931, about seven years after Scripps became

. O w Iw ‘t"\.z Qﬂ, be et
‘ &he oceanographic institution.. Although Woods Hole h&éﬁgeé, of course, for
at ' 5&2 . Ltr‘b\ﬂﬂbv,
‘many years, gemething-—cslled Marine Biological Leberafuriee, it was a summer

place for biologists. Thatég—stlll an independent. entity eﬁ Woods Hole.

And they had also had the Bureau of Fisheries Laboratory at
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Woods Hole. So, they have a very long tradition of stuinng the ocean.

li We had a man here Qaméd Francis B. Sumner, who was brought here by Ritter

RC:

RR:

7
AJ Qk!
because he had done some very interesting early work on the color ad;;Lians

of fish to their environment: = fish tkeat—ehange-color when theirvs.like

the halibut and other flat fish that change color or change the patterns

12N 4‘3

and their scales ﬁer dlfferent environments. And Sumner became very much
betcwraretres, dlgrmvm) Lcwiayekien
interested in the—Lamatkiﬂﬁhldeafqi prov1ng or &ﬂﬁﬁ;&%ﬁtﬂ the-ﬁamarktaﬁ

idea, that acquired characteristlcs are 1nher1ted. ;L tested this out with

L & | :
mice; j# had thousands of mice. Q?d-fhere was a mouse house up on top of

. . : . Veaug b n _
the hill just overlooking the present campus. Theng,when Haaé&n came, he

7W€ k(j Mete , L’ ay ey v
made him. Sumner always described it that the institution went wet. AR
« oM A. . A

Vaug%n thought this work on mice was not really appropriate for an oceano-
graphic institution, so he made Sumner weedly stop it after a few years. And
Sumner went b ck to his fish and continued to do very interesting things

e

on of flSh to temperature and other environmental factors--really,
) \/qk‘ 6“1 l'l(WTcS

just the kind of ecology that V@uéLﬂ thought ought to be done. *yyhy

always quite bitter about having to give up theee—experiments on mice. He

was a contemporary of Morgan, the gseat Drosophila man. Morgan won the Nobel

Prize basically because he chose the rignt‘experimental animal, the

Drosophila which reproduce every few days or every few weeks, I guess it is,

M ovyam

where the mice take months. Ho;;Zn could get a great many more genera-

tions within an experiment than Sumner could. It's an interesting example

of how much of a role luck plays in things of this kind, or, perhaps,

insight or intuition. Sumner became a member of the National Academy of
Sciencee}But long after Morgan‘won his Nobel Prize. Well, I'm sorry I
digressed to the early part of the institution.

Th#'s important.

But coming back to what I did, or what we did.... After I became an
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instructof and after I came back from Norway, a man named Francis. Sekpherd.

appeared here in 1937.- Leguess ﬁe’d actually been here before that, even

while I was a graduate student. He was very much interested in submarine.

l\q,‘ 75“(&\

canyons, and he get/a grant from the Geological Society of Americap for
$12,000, I think it was, aﬂg s&éixégythe marinevgeology off the southerﬁ
California coast. By that time, we had a new ship. The old ’écriggs,' the
one I told you about, had blown up in a harbor in San Diego.(jThis seems

to happen to oceanographic ships;> It had an explosion which killed the cook,

Frauk )
Bhitlip-—Franco, and very seriously injured Murdy Ross--he never really
e d

recovered. This was while Ellen and I were in Norway. And so, Herotd
Sverdrup managed to persuade Robert P. Scripps, the son of guw;JWho was
then the editor and publisher of the Scripps-Howard papers, to buy him a

)
yacht. And he bought Louis Storn®s yache;called the‘“%erragg? and we

£
renamed it #®.W. Scrippsﬁﬁ' This was a famous early oceanographic boat.,
eri ;na)’tt, - We

It was a topsail schooner, a Gloucester schooner. %hey cut off the top
masts but retained the othef,gthe regular masts. And for years, we sailed
this shie; as well as drove it underpower. Gradually the masts got shorter
and the engines got bigger; and, after World War II, we gave up sailing

altogether—--it was just really a power boat. This is in contrast to Woods
Ke b ” - ob
Hole, which had a gawl named fre Atlantls, built about 1932, &» which

j )lv\

Columbus ¥s*fn, the famous d1rector of Woods Hole, was the first captain.
m condve)
She remained a sailing vessel all during her career, but we gradually got

Y a
so that we used &he sailf only to steady the ship, ke trisail to steady
the ship. By that time, we had a professional crew; we had a captain and
several members of the crew, in addition to.the graduate students,who still

' : i T wheed house ad on deck .
stood regular sailors' watches im—the-engine-room. AmdWe had a couple of
Q@:utv! o &) :
s on the shipA coo%f, all the people like that were et} professional

Ae M O[ef“i)
sailors. : had brought out with him two graduate students, Bob Beets
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jet
and Kenneth Emery, who is now a member of the National Academy. 'Ph@;oehér
is a famous oceanographer and marine geologist with NOAA, the National Ocean

and Atmospheric Administration. He's one of the primary authors of The Theory

of Seafloor Spreading, Bgb—Beets. And tbeﬁ he also brought.with him two

guys from UCL%ﬂ'whose names I can't remembeg« “who had an idea about building

T remetoy Wan Mavies qow —

a coring machine, a device for taking cores. ~ _ : <,

?‘\/e«'/hb‘] d’—*p «dww ) .
but—TFeantt—think-ofthem ‘They were basically engineerggfwith very
. expensive tastegxr§;;; spent a lot of money on this coring machine. The

theory of it was that you would open a valve, and the water would rush into

a chamber. In the process, it.... I'm sorry, that's not quite right. You
& ceve bawd | Do L pob(ow . Ther ct, barvel
plunged &&, Phis fras a cylinder on top of acore dmtl, and there was a
encd :
valve between the core barrel and the cylinder. You that valve, and

then the barrel would sink into the mud because of the suction created by
this empty cylinder, Essentially, mud would be sucked up to £ill the

vacuum. The trouble with this device was that the forces were too great.
Something always broke. We spent thousands of dollars on it; it never really
worked very well. It was about that time that G&pnggrg ,vvwas developing
his corer which really operated on a very similar principle, and also’when
Charles Piggot was developing his gun,‘the Piggotvgun. The Piggot gun, in

Anld Kull en b

fact, really worked pretty well, f course, the Clumberg corer worked

very wellb indeed. The E;uégg:zﬂborerbreally came in after World War'iI.

Anyhow, one of the méjor things we did was to study the submarine geology

of £ thlS coast and the sediments and their dlstrlbutunLrF;%en, in‘1938

'39, T guess, we had an expeditlon to' the Gulf of Californ13§7;E:t was the

longest, the fartherest away from home ﬁhe Scripps Institution vessel had |

ever been. And we did all sorts of things in the Gulf. This was a--what the
o Cowple K

Ru®sians now call.. t it now?-= oceano-

graphic expedition doing biology and geology and physical oceanography, o~
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chemical oceanography, all at the same time.
: ' e L&(lwu

Was that very unusual? The early oceanographic s didn't do that?

Yes)they did, hfeanse‘that was the way that all these-big expeditions had

operate@f,the‘4ﬁeteof”’Exped1t10n the ”Challquer“’Expedition and the.

ZuM( w3
well, there were half a dozen others in the-very early days. The =
Expedition...all of these big}expeditions did everything at once, basically
because the ships were so‘expeneive. The obg;gggig?'did the same thingyf

chemistry and physics and biology and geology. That was what we did on our

: : ENe G
first expedition to the Gulf of California. This was a remarkable PJfKK?

In the first place, it was very wild, very few people there. One 1sa1nd,

Ji buvon
&he Fiberem Island, still had Indians on it living pretty much as they had

alvgs
lived thousands of years ag5~.very, very primitive Indians. There were a few

IR N (>
settlements, whe settlement at La Paz, the settlement at Loregzo, half a

dozen settlements altogethes« small relics of the missions, or, in one case,
a famous mimifig—&@Wmpscopper mining camp. But the most interesting thing

about the Gulf was the water. While the shore was a desert, the water

+%£rueJ
teamed with life. And this was because of the very peculiar circula-

; Vevmeeo
tion. It had been called by Cortez the Mare exmiltl, the Vermillion Sea.

e '
The reason <& Was called the Vermillion Sea was that it looked like tomato

Cwovwous L)son.
soup in the springHEime. It had an egeumows plankton beem every spriné( nd

literally, if you went out in a small boat at night and dipped your oars
in the water, the whole sea would light up forvhundred of yards around the

ship, light from luminescent orgenisms.'_The reason for this was tha the

v . , =
surface water of the z%lf was blown out of the Bulf by northerly winds, and

: : Mteming
deep water came in to take its place. ThezSeep water was rich in nutrients,

oln :
and the surfacz'water was poor in nutrients. So, the nutrient concentra-

» ‘ :
tion was extremely high. It came right up to the surface where the plankton

organisms lived. The bottom deposits, as a result, were literally almost
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- nothing but diatoms, diatoms and es¢her skeletons of other plankton organisms,

And these were layered in bars--layer after layer on the bottom. &—other

we;és*.{i was anaerobic: there was so much organic matter settling to the

‘bottom that oxygen was all used up. So, you got beautiful,. layered sedi-

\J / ’\ N D .
ment%{é&uh of course, the chemistry of the water was fascinating.ﬁ%he geology

was even more fascinatin%‘ because--we didn't know it then, but--this is the

bbuu-..h.v bjWU‘\\ oo
quer~e£—tgﬁktwo tectonic plates. And you got theee very complicated

trenches and ridges and troughs and other zones of extreme tectonic activity
because it's right on thé edge of the Pacific plate and the North American.
) ' Jur &, Srvv\ Peqﬁ'(
plate. TIt's a continuation of the South-Peeifies—the Easter Island Rise
14’t¥1lmno (g% o ’ X

and/ihe San Andreas Rift in California itself. It's a place very much like
the rift valley in Africa and the Red Sea, where the earth® is pulling aparﬁ.
We didn't, of course, know it theﬁs but:we weré fascinated by the very
complicated Basin andlrange structure of thé place. The basins each had

thege anaerobic conditions in them. And so we went back again. We got a relhex-

grant from the Geological Society of America,-anether—grant, and went

back again to the gllf. And that time was a purely geological expedition.
: ' ANPTAN < SRVE 9 Fvau Shepord;
Em@ry was on it, emd Charlie Andersonts geological Survey, Frank & erd,

I, and several younger people.ys, Quite a few publications came out of this on

the geology of,ghe qof only the marine, but the land geology of bewer—Eatdi-

4he aovls of CalSornA,
forota, A The-whole thing was really exploration of a very interesting kind.

¥FAbout that time, the war started in Europ%,~in_l939; I&=started—tire—summer

é;}%he fall of(z;éxyear that€s5193?jthere was another meeting of the
International Union of Geodesy ;nd Geophysics in'Washingtén. That was a
very sad meeting because of the war, because the war had started. And all
these people from Europe that I told you about before were there at thét
meSing, &ee. \ Many of them ;gé never 'saw agai;?) And we here at Scripps

were getting interested in underwater sound. There was a Naval officer
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namee Rawson Bennet%z&who was the-operations‘offiCer, or technical‘officep,
of a division of destroyers ﬁinﬁﬁgwhich were testing sonar here. The
skipper of ﬁhis division was a man named Burhans, who later became an
admiral--they both became admirals. They were Eea%}y~£@stih§5 trying to
understanizyhat happened in the ocean to affecg the performance of sonar
gear. We used to‘eall it underwater sound gear in those days. Rawson

Bennett came out to Scripps and talked to Sverdrup and Dick Fleming and me.

" And we developed a theory of the propagation of sound in seawater, the

ray theorX}\a very 31mple theory, essentially, ray optics. At the same

Yol gy s are Thing
time)Ew1ng and Eséin were doing #t at Woods Hole, which was quite unknown to
[} . n

LY .
us. Later,,the summer of 1941, I went into the Navy.

A
Did the Navy specifically contact you about trying to discover what happeé%

to sound in the ocean?

Yes, Rawson Bennett came out to Scripps, talked to Sverdrup and Fleming and me.

And how long df‘ cyou work on that?

Oh, quite a while.

"Did that carry on to when you began to work in theﬂ%nqg,in '417

Yes. We didn't start until about 1940.
You said one time that, "The 1950's and '60's will be recorded as one of
the great ages of exploration." for an exaet quote, But it seems to Mgz -

from your discussion here, the '30's must have been a great age of exploration,

'~ What seems to you to be the difference in the two?

Why, the-scale.
The scale. What major changes in techniques would you suggest occurred

between the '50's and '60's)and the '30's?

The introduction of electronics into oceanography. We used to have a saying

awl ﬂ X
in the 1930'55 early 1940's, we wanted 1ess than one vacuum tube per 1nstru—

ment. The great difference was really the development of instrumentation in

World War II. In the 1950's and '60's, we were exploiting those great
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advances, not so much in actual instruments as in how to make instruments,
And you think that the development of instrumentation came out of the work

in the military services?

: Pretty directly, yes.

I'm familiar with the work that came out of‘the Air Force School of
Meteorology that developed between '42 and '45 and produced a good'number of
well-known oceanographers. What about the U.S. Navy? What,would you suggest
to be their major developments between '41vand"45?

In what?

In terms of instrumentation.

Well, the main thing was the development of underwater sound of all kinds,
both echo sounders and horizontal ranging devices, and the great interest that
developed in tﬁe Nevy in the propagation of sound in the ocean. But there
were'aleo developments in what we call magnetometers, ehat is, methods of
measurihg various magnetic phenomena on the bottom and in the wafer by the
so-called towed—magnetometer, which really came.out of the work on magnetic
mineé.

Weren't you in they?@ﬂio_andigound‘hab in San Diego in '41 and '427?

Yes.

What,’ exactlxq was your work there? .

I was in a "sailor suit." I fofgot to tell you that, in 1934, I went on a
cruise on the‘VUSS Bushnel‘“'which ;;qghe flagship of the submarine force.

fov blA

There was just one submarine force #&m the Atlantic and the Pacific. And the

_ﬁ%ushnegt went up to Alaska, about half way out on the Aleutian Islands, and

then south to Hawaii. I ran a line of oceanographic stations between the
Aleutian Islands and the Hawaiian Islands, one of the first sections across
thit part of the...really, the first section across that part of the Pacific.

This was primarily physical oceanography, as we used to call it, and agi
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chemical oceanography--that is, measurements of fhe silica, the exygen and
nitrate, the phosphate, the temperature and salinity of the water. And it
was those data- I went to Norway with in 1936-37.

And as a result of this experience on the Bushnelf..The captain of the

Akel T,

ship was a man named 4bte<B. Bidwell--I remember his name. I also remember

ed Ffoa [ltwre\qo«g' ) L¢¢ Bachuwas ,

the name of the admiral, Cyrus W. Cole) This was”a great experience in my

vlife, this-summer on this Navy Ship. There were various other people onboard;

I, remember quite well. AI don't remember the names,
af -the—others«—But, Anyhow, Bidwell persuaded me to try for a Naval Reserve
commission, which I did; and I got that in 1936. So, in 1941, when &h#s Navy
g;dlo and:sound hab got started here in San Diego and the University of
California Division of War Research was established there, I went on active
duty and became a project officer for various kinds of things, whereas
rewaa ndd &8

Sverdrup and Fleming and Munk and the others were—just civilians in the

University of Ca11forn1a Division of War Research. We had a skipper of ‘the

.

Navy kadio andiépund éaboratorx)uhe—wae~a martinet;?amed Red Ruble. He was

"

a real "sundowner." This means various things in the Navy; but, in his case,

it means he was ‘a comple@e son-of-a-bitch.

That's what it meant in the Army; too.

He was an impossible ﬁan, and T was on his staff. He would send me out
with a‘group of chief petty officers and one or two scientists on various

kinds of field expeditions. For example, in San Francisco Bay we looked at

the oceanographic conditions yf the mouth of the Golden Gate, and then we

Neah N Juqh de pu.LG\ .
did the same thing up at ﬂea Bay wt the Stralts of bem—Fuca. Two of the
, &
scientists on those expeditions were Waldo Rgan--who has since become the great
O

“expert on Arctic oceanographyi vhe was a physicist, young physicist from

| | deff rey s |
ucM--and a man named Holt/er who was an 1dea man. He was a
ol BT Hiat- h

graduate student in physics,zteo. Idea men are a very peculiar breed, as
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you pfobably know. They have lots of ideas, aﬁd most of them are not very
goéd, but some of them are very good; He wés_constantiy interested in origi-
nal experiments of various kinds. Anyhow, we worked together on these sufveys}-
Every time I came back é&iﬁké survey)I found I h;d a different desk and a dif-
ferent job. I got involved with radar propagafion. I started atradar
operator's school at the Tnig Ezdio and:gﬁund &@boratory)which later became the
CIC Scﬁoo%g.which étill‘exists down here in San Diego--a great big‘establish—
ment now. 'Bﬁt it started with six scared, stupid enlisted men who were sent
by their skippers because they didn't know what else to do witﬁ them, They
were just éwful. ‘We decided that we just couldn't teach guys like this‘to
operate radar. We'd have to have standards. So, wé insisted after that that
we would only take people who could pass a certain score on the Navy's intel-
ligence test, which I've forgotten the name of. It wasn't called an intel-
ligence test, But fﬁat's really what it was. After that, they got bettery-
and this. thing really developed. After a while, it developed into a great
big éstablishment. But this was, of course, a very dﬁll job==teaching radar
operators. You teach the same thing over and oVer‘again.

.The one saving grace of it was that we would range on San Clemente -
oL vew '
Island, about sewem miles west of Sap Diegék{aad:;;metimes you could see it,
and sometimes you‘couldn't. Why was'this? Well, it turned out”waf.eeurse,k
that the reason was that the radar beam was refracted by the structure
of the atmosphere. Sometimes it was bent down, and sometimes it wasn't,_

lawh' wheo

benth There were two good physicists &hat got involved With this. One was
tr oher wes Johy SmyThe
waam@¥ Frank Abbott, and d—ean't think eof the—vther—one. (I -know him very-well,)

Of course, once they got into it, I had to fade away because I just didn't

: & bl ¢ [edvr .
know enough,,like—thehyagnetic theory. That was one of the problems of being

a Weologist : you never really knew much about aﬁything; But the first
wa's ' A
paper on radar propagation written out here...I was one of the authors of it,
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And this, of course, has now bécome a science all by itself. I weally gbt

Mwhrwdﬂ/‘ _ ~ KLU.) be come A= <Y
out of the sound propagation study by—getting involved with th+s radar school.

el W Gl PRy ,

My friend Rawson Bennett, by this time, had gone to Washington as the head
of the design branch of the electroqics division of the Bureau of Ships.
I got in touch with him and said, "I just gott; get out of here. This is
impossible.”" So hé arranged for me to come to Washington to be assignedv

to the Hydrographic Office. This was in the winter of 1942. T went out to

the Hydrographic Office. The hydrographer was a nice old admiral named

Ne ‘ : |
"Bryan but‘didn't ®eally have any idea about World War II or what in the

R Wov, subimayine
world an oceanographer could dq‘ .He put me to work looking at a bank that

had been found somewhere off the coast of Panama. This bank was very

interesting because it didn't exist. Some ships had picked it up on their
' o O ,
fathometers, on their echo soundeii) gther ships passing over the same spot

] egen-
couldn't find it. Clearlyg;what it waéjwas the deep scattering téLre3 but

M peryple |

gey¥s out here were just finding out about the deep scattering layer at the
time;‘ |

Yes, they were working out here in the Office of Naval Research on it.

No, that was the University ovaalifornia‘Division of War Research, Russell
Raitt and Martin Johnson, particularly, They did two great things: one was
to find the deep scatfering layer; the other was for Martin Johnson to solve

the problem of crackle, the”Background noise that got into the sonar gear,

 which affected also acoustic mines. krturmed—out—tire—wayMartin did this weas

t@«askffTweilgfﬁn fact, Martin was’responsible for both these discoveries.

In the case of the deep scattering layer, he asked the following question,

"What happens to it at night?" and it turned out that at night it didn't

exist, that the scattering was juét below the surface, not at depths of 100

N [ dl\ M\ﬂ,‘/

an& 200 meters. At must be ‘due to organisms because that's the way marine

organisms behave--they go down in the daytime and up at night. That, of course, -
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‘{s—what turned out to be right. In the case of the crackle, he said, "Where

does it exist?" It didn't exist everywhere; it only existed over certain kinds

ke neise duTe
of bottoms. He guessed that gfrese must be an organism called a snapping

shrimp which lives in rocky bottoms, sandy botﬁoms, not in muddy bottoms.

He got some of these shrimp...he got one shrimp and put it in a little jar

becanle it
and put a mlcrophone in the jar--called a hydrophone werd works underwater—-

and the darn thing was going tchk, tchk. You put a hundred of them_iqﬁ,

and tha§~s—a-cont1nuous popplng noise like bacon frying. And, clearly, that

e el

- was what #t was. So then,these were two biological discoveries of very

considerable interest. But, anyhow, &a&t—was what Bryan wanted me to do was
look at this non-existent bank. T didn't think that was a very military thing
to do. So, I went back to Rawson Bennett, and he said, "Well, we'll give yoﬁ
additional duty in the Bureau of Ships+~in the underwater sound section
of the Bureau of Ships."—é;he underwater sound section of the design branch,
of the electronics division, of the Bureau of Ships;) And T became Code 940C
or 940D, I guess it was. My boss was a man named Jacob Meyers, a wonderful
guy about my age. He was a commander, and I started out as a lieutenan?ﬁnd
actually became a commander myself. We got along very well, and I became the
Bureau of Ships'oceanographer. T worked with all kinds of things that went on.
: y- .
I weatty became %roject Officer for work that was being done at Woods Hole
£t Loboveq vt by
and at Scripps and the oceanographic work inAgédio and_SBundqrr the University
of California Division of War Research and the related work that was being
Mt . [¢‘unﬂﬂé L
done atALondon——the underwater plaee that was called USNUSL, U.S. Navy
Underwater Sound Laboratory.
Cdword

Was SirAFullard involved in that7
No. He was in England.

» ’ '
I mean at the one in England, in London.

e ok te

He was involved with many thingsy but tshe—twe princ1pa1 things that he did
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- .
during the war were,éﬁe work on magnetic mines and then on acoustic mines and

finally on the so-called oyster mines. The oyster mine was a diabolical device,

and still is diabolical. It depends upon the negative pressure wave made by

the passage of the ship. You can't sweep it. ‘The only thing that will

sweep it, that will set it off, is a ship. So;'you can sweep it by dragging

BN
a ship en it, all over the bottom; but that s not exactly what you're look-

ing for. Aad.;hédother thing he was involved with was i@e aperatien—and
" e vhas

o
ﬁesearch;busines§’Lduring~the'wart Hgleha first-rate physicist and had done

a lot 8% geophysical work even before the war--measurements of gravity,
m a9 weis i how
measurements of magaitnte. I would say that he is‘Srobably the greatest

living geophysicist. But, anyhow, I never met him during the war at all.

My 9rewp | Qum : . ,

We did come in contact with George rep—group., L worked very closely
with a man named Lyman Spitzer, who is mnow professor of astronomy at Princeton

and g after the wary went into the thermonuclear fusion business. He's a very,

N Y/ ) oy ‘ ~ .
very able ma&é*#é’ﬁae an IQ about 40 points higher than mine. No problem
) .

was too difficult for him; he was fantastic. And he had something called the

sonar analysis group, whichﬁ;:;art of the NDRéX@%H I was his opposite number
in the Bureau of Ships. So, we'worked very closely together for many years,
all'during the war and after the war. Out here at Scripps, or at UCDWR
rather, I worked with Carl Eck@art,who was also avfirst—rate physicist,

He was a fheoretical physicist; and, like.so many theoretical phyéicists in
the 1920's, he sraxkedxirxkhexk32@kx caﬁe very close to winning a Nobel Prize

but didn't because these guys were all in competition with each other in
Germany. Somebody else came up w1th a Tfubi M*’“J‘“p a few weeks before he
A

did. But,lap until 1941, he was professor of ‘Theoretical physics. at the
, LA uJ.l '
University of Chicago. ¥4s students was Leonard Liebermanng—hels still on the

| her
fa¥ulty at Scripps. Carl Eckffart himself died about &wo years ago, shree

years—agoy And-HEckhert really revolutionized the underwater sound business

OIQN covd
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Lo by treating it statistically rather than by ##¥% ray theory or.....
RC: I don't think I understand that. What's the difference between a ray theory

ol

! | ' and a statisticx treatment?

RR: ‘Well,‘in the case of the ray theory, we essentially assumed- that the sound
waves follow a path, a single path. The ray is simply at right angles to
thgbszie so you can trace the path of the wave by drawing a ray. ﬁhere’you
get refraction, you may get a divergence, and the rays will split,&ike—thafs
That means that the energy will be very Weak there. Other places, where the
rays-comé together, the energy is concentrated. wé11, that giveS'yoﬁ some
useful insights. é%atistical Thaory‘was more powerful because, in fact, the

ocean is so complicated. The problems of reverberation, for example,

the problems of background noise, the problems of scattering, and the

absorption of sound are all related to the microstructure of the ocean, as
‘ well as to the macrostructure. The best way to study these things is to look
J. at the statistics, that is, what is tha frequency‘of different events?
The theory of reverberatioﬂ;w;%at's the pattern of reverberation, the
 statistical pattern with time? 'One of the great advantages of this is that

Cavl' LD

you can integrate aver tima‘ias well as over spaée. ﬂe%sﬁwrltten a famous

i ‘ pape;;;;at he called "Irreversible Thermodynamlcs, idwhich he dealt with

| phenomena‘of this genéral kind, hydrodynamic and thermodynamic phenomena.

This was written, actually, before the Qar. And his interest really shifted

then from nuclear physics and atomic physics ta tgzgifieldSOf hydrodynamics

and thermodynamicss and he made gréat contributions ipé;kthe theory of it

~and, to some extent, to the practice, too. He wrote a classical series of
righé |

volumes*after the war on the propagation of underwatertsound,“§ighffaftetﬂehe

‘vax, It's still probably the most important book ever written on the subject,

o} « |
}yFwMQ),u_séfieag'of books written for .the NBDRC, National Defense Research Committee.




| | “epw
| ‘%2There were a lot of people down there at the KJWR who were developing

( instrumentation and had ideas of various kinds about the various kinds of

energy in the ocean. One of the amusing stories wés that when we were first

. dlo)absvt oy woa
there--full of hog~§hots from the physics department at. Berkelx’——led by

A
Ernest ‘Lawrence, Ed McMillan, and a whole group of people, Lawrence had the

idea that these damned oceanographers were stupid, which they were, and that

ww Jexvwed v
the thing to do, instead of fooling around w1thﬁfound as we had been doing,

was just to get a big light underwater and see a submarine. His idea was that

what we had been &eing-was fooling around with things that were too small,
too inexpensive. If you just got a big enough 1light, you'd be able to see

a long way. Sgﬂ_he started ahwﬁele optical group down at UCDWR under his

direction, or at least his inspiration, headed actually by a—-man—ramed " ROWET;

’ 2o o
Ike Bowen of Cal Tech. He was later |director of the Mt. Wilson Palomar ©bSeve O ¥4
a. ) e

Ohservatory——very nice, competent man. And they built this huge searchlight

with millions of candlepower. And they had a black sock, 20 feet across and

a couple of‘ﬁﬁﬂffeet long, to be a sort of imitatlon submarine. The problem

was to test out the searchlight. Well, you could see this sock about 20 feet.

@%d- Lawrence decided maybe this wasn't such a good idea after all. The

) 74

. t . . .
problem, of course, was %g;s scattering of light underwater created so much

background that you didn't get any contrast. But they made a lot of studies

of the propagation of light aQd—the—&%ansmissioﬁﬁoi_light in the ocean. They

had several problems which we oceanographers thought we could help them

with, and we could. One of the problems was that_ﬁbegzggﬁga instruments
S 7 O

leaked. Of course, they'd never #eally done any work under..ritls really

Lavery difficult conditions of salt water and pressure, high pressure and

. & *(/{cﬁ t/ectronie f\dsf*ﬂwcvy@.&
highly corrosive water. And so they'd lower the—thing fin the water apd—rwin
A

Q"’Gh'u4ib( wold }eol o o4 ‘
A VETythln%& hey'd have to take it out and start all over again. Finally,

tﬂ, ra lﬂ-c.a_t&
they got €honm so they wouldn't lea%>and they went out and made a series of

Cu b

measurements about 50 miles offshore he¥e and measured the transmission at



| - e ‘ | 28
) Pyt sy, 1t 2 :

dlfferent depths. The guy thaiﬁdid.Rd was a_map—nama%,Malcolm Henderson.

He said,A"Okay, we've measured the transmission of light invseawater.” And

Sverdrup and I said, "Why don't you go over here and try agaln?" because we

botuet, Funw welr messes -
knew we were on the 1nside of a frontA So, he 'finally dld; and, of course,

he got completely different results--just no relafionship at all between-the
two sefies of measurements. And so the néxt conclusion was,"Yoh can't measure
the transmission of light in seawater; it's too variable.' And so we said,
"Well, now, you go over here, and you'll find‘it's like this, like it was the
first time. ‘You go there and you'll find it like it was the second time."
which, of course, was true, more or less. But, anyhow, they kind of lost
interest in it because of that damned sock. It didn't work very well. Then,
gayhew, all theee hotshots disappeared all of a sudden. We had heard that
they went to a place called Shangri—ha. This was, of ceurse, Los Alamos,las
we found out after the war.‘?%zt; there were etill quite a few physicists

' lef%}and quite a few engineers &eijxggnd one of the big things they did was

work on a mine detecting sonar, although it didn't start out that way. It
started out with what they called a variable frequency sonar, essentially a

frequency-modulated sonar. It turned out that this might be useful in

o U ﬂsc)mgb"-iw"

detecting mines, and the submarine force had a real pr lem*\ ihey couldn t
St hwevyged
get into the Japan seas because the Japanese had. plantedhfloatlng mines in the

Tsushiwme
<hushima Straits and the other strait between Hokaido and Honsghu. All

during the war, until the summer of 1945, none of our submarines ever went

. Seaf
into the Japanese-sges. But, finally, we in the Bureau of Ships, in this

section I'm telling you about, the underwater sound section, managed to get

12 submarines equipped with these sonars developed here at San 1eEo, at the
w ke
UCDWE) and they d1d go into the JaDan:;ea The irony of it,¢.by that time,
erun Sulbuianine 5?0-40’\@»\ sank owly
th@;Japan\:;a was essentlally empty. They sanle 25,000 tons of shipping and lost
™ Chy Ywoclets » A
a submarineA What had happened was that the oyster mineshad been planted in
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‘ e mined
all the Japanese harbors, and &t essentially gust stopped all traffic back

and forth from Manchuria. These were planted by the 29th Bomb Com, the

T Marjanct
29th Bomber Command, flying up from Martamis. They'd drop these mines in

the mouths of the harbors, and the Japanese just couldn't get through them.

That summer I was out in the Pacific with the Bureau of Ships. I was out

Maviauey 8D o Trwian |
there on Guam 1in the Marianmis+ Saipan and Tiandwmw(?) I talked to Ellis

Johnson, the man from the Bureau of Ordinance who'd brought these mines out
and organized their being sowed in the harbors of the Japanese coast.|| By

that time, I was involveﬁ with quite a few different kinds of oceanographic
a v '
problems. The princip® one was the problem of surf forecasting. There

were two aspects of this: . one wai)lf you looked at the waves coming into

shallow water, the waves would be bent and s:owed amd spread apart, Just

YV g LLS!A
like the sonar; %eu .use the same ray theory. This was because of the varia-

tion of the bottom topography.' You could tell quite a bit about the bottom

topography from the aerial photographs of the waves. The other thing was

veld webton-
t at?Sverdrup~and Munk, in this country, Raxeld Sverdrup and-Walter Muak,

and people in England had developed a method for forecastlng surf. Khnowing

A

where a storm was and how strong e-stexm was‘;nd over what area it spread,

you could tell where the waves would go and how high they would be on a

beach and whar the other—eharacteristics were and how far apert they would
be—-thinge‘llike that. This was @ useful shimg for amphibious landings.
They were planning two amphibious lendings in Japan. One was called Operation’

. \
Olympic and the other was called Operation Coronet. I was on Admlral Srrntucz!

which Spruamey
,__13333—9-42) staff.nhiﬁ=&£a£f was planning these landlngs. was very

-much‘against it--not against me being there, but against the landing$-be-

cause he thought it would be deadly, particularly for the Japanese. Many
men elso N
of*%he Japanese would die, and a ‘lot of our suys would'31e. He just didn't
1.2 %) Wl
like it at all. I was &here at the time when the "lndlanaoolis"never arrived,

N e s e
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remember this very well. Somebody said "Where's the 'Indianap01147 I

f don™ }\now ‘ : :
Jluno We had not gotten an arrival message from Manila. It turned out

that she had left about ten days befor%’ from Saipan for Manilgye and never

| : sent an arrival message. The person who should have been watching for this
| .
| ‘ missed it. She'd been sunk, torpedoed, by a Japanese submarine. These poor

i M .
guys were in the water five or six days:; most of them were lost We heard

| : . . : .
about this as it came in, first not knowing where she was and then looking

for her and finally findageher——not finding her, but finding her survivors.

She was ‘the ship that had brought out the two atomic bombs to Saipan. There

| were only two; that's all there were. I didn't know that at all; all I
' Advrvd .SQ"Wd

| knew was the‘ﬁ&ndianapolisﬁ was lost on the way to Manila. So then Serume

sent me from Guam to Manila to be on Admiral Turner's staﬁgg:hltheir

intelligence group. I was just climbing the ladder of the‘ﬂEldoradqj”'which

was Turner's command ship, when word came over the loud speaker that a bomb

ku) b;vk dropped on Hiroshima. That was the end of the war, right there,k So, thank
God, neither of these operations, Coronet or Olympic, came off. All the
work that we'd done on intelligence, wave forecasting, and the bottom topo-
fsrcwe“b"r

graphic mapping was’yagaiai lost. But, Lhank-Geds; it was actually used’v.

Bbth wave forecasting and surf forecasting and the estimations of bottom

depths were used in several amphibious operations.lﬁ%%is was really the

earliest big thing that Walter Munk was involved with——&eveloping sivts surf
forecasting method. He and Sverdrup were cbnétantly having trouble getting
cleared because they were both born abroad. 1In fact, Walter was not allowéd

to continue at the Radio and Sound Lab because they wouldn't clear him.

He enlisted in the Army for a couple of years and finally was sprung by an

cleanyl Jeiwe hed
named , who was*to become a major in the Air Force and whe had
- | Sewelf
i Lywett had also captured

organized an oceanographic unit in the Air Force.

Sverdrup by this same process of being sure he wasn't cleared and then getting
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him q&ea;edr-not cleared, but kind of captured--by his group. And they

developed the surf forecasting method and the wave forecasting method while

S([M/u : . )
they were working in this group under Gywetrl. Then, 1ate§%$they started a

-

~ wave forecasting school here at Scripps. Lots of both Navy;aerdlogists and

Air Force meteorologists studied tb&;QZDddléarnéd the method, learned the
technique, and applied it. It was applied p&;&ieulariy in Sicily. It was
applied in a very interesting way in Normandy. Two mén who did that were
.]uk‘n C'ﬁufdd Cxqoud
Charlie Bates and w-mamrmamed-Gerowe., égpwe now teaches at UCLA, and I
thlnk Bates works for NOAA) What they did was to say that the waves are
going to be pretty hfbh, but not impossibly hlgh, so.that Eisenhower decided
to go ahead. The Germans didn't believe it, didn't believe that they would
go ahead with it, "Nobody would be out on a night like this." But they werq'
and that was one of the eleménts of surprise that made the landing$a succéss.
They were an awfully bloody business even so.

How did you choose Mary Sears as the head of the oceanographic unit in the

Hydfographic Office?

I didn't choose her; she chose me. She appeared in my office in the Bureau

of Ships, and I needed somebody. By that time, we needed somebody out at the

Hydrographic Office to do various kinds of mapping and descriptive jobs.vv

She'd gone through a WAVE indoctriﬁation course}( dI very well remember her

coming into my offlce. There was this fat 11ttle figure, and she stood up
Wer -fiveSechlee. | rehe |

at & full helght of about S5fte- 31n., rigi d y at attention--she was just

scared to death. And this was a shock, to put it mildly. I asked her to

sit down. And I got her assigned out there to the Hydrographic Office,

- She went to town. She built up this hugé;sﬁot-huge but biékdzeanographic

unit which wrote intelligence, not exactly papers, but intelligence chapters.

ot

#e¥ descriptive oceanographic 1nte111gence. descriptive oceanography, which

was important to submarines and to all kinds of ships--destroyersyAparticularly= =
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dealing with the propagation of undervater sound and with such things as the
density layers that the submarines could sit on)a-d wéve conditions that Qould
be related to amphibious operations‘and things I}ke thét. Also, air-sea

J

rescue. There were a lot of applications of oceanography around the edges

of the naval operations. One of the thlngs ‘that Sverdrup did was to make

- current charfs‘which éj}\g%g;d into handkerchief chartgzthat we gave to
aviators. And these current charts suppdsedly came down in é raft: you
looked which way you wantédvto go, which was the best way‘for the current;
both the current and the wind had about an equal effect on é raft, If the
current and the wind were in the same direction, you'd go ﬁubh faster than
if the wind were .in the'opposite'direcfion; and which was stronger-—-the current
or the wind--determined which way you'd go. And thig_was, of course, aw
probablistic thing. The currents never went in just one direction. Most
of fhe time the§;io in a certain quadrant, during a certain season of the
year. And this was used also by air-sea rescue people to estimate wherev
a mgviator would be. .

Another thing I got involved with in the Bureau of Ships was smoke
forecasting. This was agaiﬁ essentially a tprbulence'phenomenon. A man
named Jeffreys Wyman of Woods Hole was the leader of this group., And the
problemvwas:which way‘would a smoke scfeen go and how long would itvstay
close fo the ground or close to the surface of the sea, when would it rise,
how much would it spread, how long, how much smoke would you have to put in
it to make it usefu%)~things like that. This work was neyerkreally»used.

The Navy really never did like the smoke screens, But what was used was

somethlng that came out of this, and this was done by a man named: Joe BM“’“’)
Vs veal vaw 15 Cesand Lombards

&Lhasexy, Lembardy Barber, who is now a professor of English at the University

of*balifornia at Santa Cruz and who was a professor of English theﬁa'at least

a young assistant professor ofvEnglish. He got into a sailor\Q suit, and he
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was assigned to me.And he was a project officer for this smoke work. He
got tired of th#s" research part and decided that he wanted to be more active.

So he went out to the Pacific with some smoke generatorg,and it turned out

thatuur&ﬁj?EE9&E-big operations like Okinawa aﬁd Iwo Jima and some of the otherdg

big landing operations, there were lots and lots of ships lying offshore.
And these were just sitting ducks for the k@mikaf%’(/%he Kemikafg'were more

than a nuisance $sere; they were quite a serious business) Soéwhat they did
was to spread a blanket of smoke over the fleet whenever there was a kamikaze -
signal or alafm. They'd turn on these smoke generators and just blanket the
whole area with smoke. And‘the poor dama kamikaze couldn't tell where
they were or where the ships were. So this worked very well. This was
really Joe Barber's very special job.‘
Well, now, did the Hydfographic Office result in creating the ONR?
Is that where the ONR came from?

e
No, no, not at all. There was called the Coordlnator of Research and

, Al vt ‘Fu»—we
Development in the Navy departmene>headed by an admiral.J A1l be—demmed—if

I_ggn;rﬂmembex—his_namgg—bat'ﬁe had on his staff a whole collection of very

bright young guys--one regular naval officer named Bob Conrad and half a
Resevot Welk e )i

dozen young lieutenants, one of whom was Jim W= { who was more recently
Assistant Secretary of the Navy) a man named John %4réwe&1, a man rnamed

Bruce 01d (who's now with Arthur . Little and was“until recently Foreign

raud ¢
Secretary of the National Academy of Engineering), a man named ¢this
CN-UVVQ

adm;Iél_§~namﬂ_hegan—w1th—LFL%’ And they sat around and talked about what

was needed for research in the Navy. ' They eadt}y drew up a plan for what
Yy 0w _ '
has,Pecome ONR . First of all, it was the Office of Inventions and Research,

OIR, or ORI, Office of Research and Inventions. And the first head of it
O Aéﬁmvv%k
wa'¥ a—man named Bewiny Harold Bow€n, who had been Director of the Naval
n

Research Laboratory. The Naval Research Laboratory became part of ORI’ as
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did Admiral Defiore's group, the group that developed simulators of all

kinds--training simulators. And then they had a headquarters organization

that supported basic research in a variety of fields aad-sppitied-Traval-researeh
e@r tried to support applied research. This becanxj:fﬂunyg the Office of
A . T baspetdec /
Naval Research after a while. And—the-whele metien was--it was really a
revolutionary notion--that the government should support basic research,
which would be that research that scientists wanted to do, not the research
that somebody in the Navy wanted #&im to do. zﬁien Waterman, who had been
in the NDRC, became the civilian head of it. And then there was a very

bright staff: I was one of them, although I was in a sailor's suit part of

Plove WONO ' Sesl
the time; Manny Réoviplater became ’ chief scientist for IBM; Fred Sitgl'rg ub"\o

. { , A‘l/qc\&clwlf\o
is now president of Rockefeller University; Mera ater became the
o N\’\O

graduate Eban ofACity University of New York; Joe W&&d% has been Egan of
Hﬁnter College; Randall Robertsogﬁﬁgier became chief scientist of NSF-—these;
people were just>as gifted a group of scientific administrators as you canr
possibly imagine, all hea&ed by Bob Conrad. He was never chief; he was only

a captain, but he was the inspiration of the group. And they really invented
the notion of support of scientists in their discipline doing the things

they wanted to do. I was head of the geophysics branch. And We had a rule
that we Qould automapically turn down a project which the guy said was going
to have all these naval applications. We also automatically approved a

project which was for less than $5,000. ‘These were our two fundamental

| we o .
rules of operation. . Ru ,Eip those days, didn't have advisory

ge&r \—cwcw?
committees or which everybody talks so much about now. We
) / & 7,(-(.«1‘

thoughtithat was for the birds. We decided if this was good and this

6 ve
guy wasn't, that was that. Qne-e£_Lhe~thtngs—we—é&d’—-—~—ﬁnd££h my geophysics
g tesrslogy

brghch, there were three of us: one was a man named Dan Rex,who was also in

: Yues Iev afo .
a sailor suit as I was; and a man named Earl A;a meteorologlst G;Hﬁnn?

oehe;—&ua_peep%e—wére—meteUrUTUgTstézy And we decided that oceanography was
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somewhat dlﬁferent than, say, physics or chemistry or most klnds of geophysics,
Cu\'tsu, ce iy,

because ##eF2 ships were such expensive instruments. Byﬁa?as far as oceano-

|
graphy was concerned, we tried to support a broad institutional program

rather than\specific individual projects. And teat's still. done pretty much,
although what they do now is pﬁ%ﬁ;igiy support ‘the ships &m a separate fund
and then support individuals or groups in their research proposals.

Alright now, I'm jumping ahead of my story for a second, but do you think

the ONR is still as hard-science oriented as it was then? Is it not more

research oriented now? I mean, in terms of special mission research-oriented?

You mean mission=oriented?

Mission-oriented, fight.

It was research=oriented. It's now mission~oriented,

Okay, right.

Well, I think that's true, The quality of the staff of ONR has progressively

declined over the past 25 years, 30 years, jﬁst»about 30 years now,

It is 30 years now, yes. » ',

The staff in the early days had some...well, as I say, Ebesezgigg-all became

great meg) whereas no%¢yit'e very unlikely eha; anybody will hear of any

of them except that they're devoted public servants. The people in oceano-

graphy, at least, stiil havebvery high,regard for them. Walter Munk, for
ﬁnytalb ﬁtxq by

example, s Very great. The people at Woods Hole think so, toq, Irthink—ses

toes But, they're not able reatty to hold up against the overbearing weight

‘ C/om\u,\H e to ¢
of the bosses who are aew—to-this idea of directed, or not so much directed
as applied, research. It doesn't affect oceanography quite as much as it

does other fields; The Navy, in general, still thinks that anything_yeu find

out about the ocean may be useful to them sometime. That was one of the great

" th¥ngs we put across during the war. And, as you probably know, the Hydro-

graphic Office, which regarded Mary Sears and her group as essentially an
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unnécessary pimple, haé now become the Oceanographic Officin}nd the E&dro—
grapher is now thé‘Gceanographér,ishowing the ability of the Navy to absorb .
things. |
What happened to.Mary Sears, by the wéy?

She went back to Woods Hole, and she continued research on plankton, particu~

larly zoo plankton. MQ;t’f%nﬂjxﬁ£h¥E}yixshe-became editor of The Journal of

Deep Sea Research. She's a marvelous editor, and she really built up that

journal. It's a great scientific'journal. She was also the clerk of the

, g 8 ‘
Woods Hole Oceanographic Institution Corporation and the Board of Trustees--

hececuns S 1 Sudk

really a very important person in the Woods Hole hierarchy a8 a sane, gentle,

good person. She also became very much interested in politics; and she, for

Fal Ww’
many years, was chairman of thetfchool committee, fouaéed—i%ﬁr1ﬁ&mm&—eomm;ttee‘
That was really her princip¥p interest, tis school committee and Republican

'_eg((,rrot_

politics on Cape Cod. She never did much in eedemce, either before or after
the war, vt I guess the most important single thingj%he ever did was that
she was'hhe chairman of the committee that organized the #irst International

Oceanographic Congres%‘wduch was held at the United ‘Nations in 1959. A

Just s he 1 od B sen d“)v%
job like that she ¥wst was superb at, so strong-minded and gentle thaVEd“
"

What was the ONR Joint Task Force Number One in 19467
Fos b
: ) (5]
That wasn't ONR. Joint Task Force One was the Bikini atomic bomb explesion.

Okay, and that doesn't come with ONR? . You don't go to that from ONR then?

Actually, I transferred from the Bureau of Shjf to ONR rig?t in the middle
Blesdy’s

of that operation. But I was on &asl duty on Adm1ral B&andinng staff

all during the time of the Bikini tests. Actually, I was on Ralph Sawyer's-—-
o, W‘u”/'&
Ralph Sawyer was thg chief scientist--ship, the” Kenneth UWhite,* but we were

ﬁ]d\\,, S : .
both on Admiral E%andiaéiﬁ staff. T was in charge of all aspects of the

ocaﬁnographic and marine biological work.

My first contact with Walter Munk was in 1937, when he was an undergraduate
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at Cal Tech. He came down here in the summe;kgime. I think he Wwsitatly
came gown here because he was interested in a girl named Bumps Andefson,

2/ (4=
the granddaughter of. n Browning Scripps' lawyer, Jacob Has&ferd. Anyhow,

DVCL4‘“/ ; : ‘
¥e was here and he worked at Scripps. We spent several days together sitting
in a rowboat about half a mile off the end'ofloﬁr'pier, measuring currents.
Wevhad a contraption that you could lower to the boftoﬁxgggnwould sit on the
bottom and would measure currenté there, aﬁd:you could also measure them

- We
in the water coming up to the surface. ¥eu did this by hand, over and over

o e ae K§X3 mewed
and overpagain, for several days. And he's been “ever since.

I think ©ie was one of our first 'summer fellows at Scripps.v He turned out

: ' erney Siwee ) o st
so successfully that they've been running this Summer Fellowship Program #he
last 40 years. I don't think they've ever found anybody quite his equal.
In fact, I don't knowfof anybody who ever became an oceénographer that way
besidés-Walter. Bu%§ maybe oﬁcé in 40 years ié enough.
Well, exactly how did Operation grossroads evolve?
The first I heard of it was when twofE%val captains (I was a commander
in the Bureau of Ships then), Eﬁ:;l%;h\ca‘pme, one of whom was Horatio RIW

Rexefe. . you may have heard of hiéj

Operations, Commander of NATO forces in southern Eufope, later Ambassador

%E was later Deputy Chief of Naval

to Spain, allittle maﬁ'from Puérto Rico, about five feetgy, two inches high,
one of the brightest men I ever saw in my life. Hé and another captain

- named Ashworth, Fred Aéhworth, who was an a&iator, called me into their office
and asked me to help them'pick out a.site for an atomic bomb test; a test
of atomic bombs against naval ships. :Mary Sears and I got together. They
were thinking about Bikini already, andewewsthe Marshall Islands in ‘
general. We recommended Bikini. Bu&’,they'd already been thinking of making
th® test. You may not remember, you're too young; but, in those days, there
was a great deal of question abéut whether, with the existence of an atomic

bomb, naval ships were of any use any more. So the problem of just how
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vulnerable ships were to them was an important subject. H?Z.?f conrse, had
lots of ships} +e—had—the greatest Navy that the world had ever dreamed of,
let alone seen——many more ships than we could ever possibly use again. Soy
,they appointed Admiral W. H. P. Blandy QYQ as commander of ehis task force

ST A
and Deke Rersens as the technical officer in charge. Both these officers

b cloh ?
were members of what the Navy has called gun € or ordinance officereJ

Although Blandy had actually had command of a task force.‘fﬂey were both

a

L =
sq;@aee—o££iee§s, suffact ship officers. ih&i3l guess Parsons was actually a

specialis:)bug not aeeuallyiin'linebof command. He was a specialist in
ordinance. He had.been'involved right from the beginning at Los Alamos and
elsewnere in the Manhattan Project, and he was the bombardier on one of the
two atomic bomb drops in Japan. And they assembled a staff, a big staff,

and worked very closely with Los Alamos, who were making the bggb, the Glewcc
b

Vil .
devices-—-ghey—were—really—devictes. One of them was a device; the other was

an actual weapon. One of the things that we thought had to be known was what
would be the effect of the‘explosion and phe radiqkactivity on the atoll.

So we decided that we would make an ecological base study--find out about

as much as we could about what was there, what things were like before any
radioactivity had been released, before there was any explosion. So we

sent out an old ship, the *Bowditch,® with a whole group of'scientists,
various kinds of scientists--geologists, botanists, fish people, people to
study all the different kinds of living things that were there. One of the
people‘was Harry Ladd i therGeological Surveixeﬁnother,was a man named
Taylor from the University of Michigan, William Randolph Taylor, who was

a great taxonomic botaniet. Jack Marywas there for the fish part of it.
There were quite a few fish people. We had experimental fishermen as well as
fi:n taxonomists, and they spent about six months making a profile of wnat

Bikini Atoll was like and the surrounding waters. Ken Emqry was there
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and did a lot 'of work on the bottqu Iwguesg Bill Vgn Arx was there, as

ek ol G

were two or threeAPeople from Woods Hole, looking at the water and looking
at the diffusion of the Qater. There was Q:g;oup_oﬁ.peézle from a lot of
different insfitutions. One of theMpeep}e was‘MarsdEn Sa;gggat from Scripps,
who was my assistant in the Bureau of Ships",\ %e was made the projects .
officer. ékﬂ&,‘thls 0ld hydrographic survey ship, thefgezgzggb:“'was sent out
‘thexe and spent about six months thgre, long in advance of the arrival of
the task force, finding out what the biology was like. Then we had other

. e
oceanographic requnsibilitiesrtha-e—we:e»:“_bneA to measure the waves; that
was perhapskthekmost important. It was thought there might be some very big
waves, particularly from the underwater test. We also had a group of Sﬂ/fJ
~estroyers to measure the radioactivity in the'watér outside the atoil, to

try to follow & the fallout. I'm-not-sure—they—were destroyerss I think

they were EPCER's--smaller than destroyers--about six of them. John Lyman

» hbu)q<fﬂ| 40 WRax
was in charge of that part of it. Then we had various...I guess,awery%h£2§

o A D _
wasNﬁ;:iiy—running to the waves, one way or the other, but we did a lot of

different things. We put up photographic towers 100 feet high with cameras
on them that could be stérted automatically——still cameras, essentially,
that would take very good pictures of what happened, the sequence of events.
42)( by A?/ n Viee
We had bottom-mounted wave meters called Turtl Sq~?? Aian—Byﬂee at Woods
Hole. Jeff Holdgr had a very simple system. He put up poles on the beach
with a series of tin cans nailed ®o differeﬁt heights above the beach.
Those cans ghat were filled-with water to show how high the wave was.
Another man, who was not part of our éroup but who was the same ingenious

% M, Pewnen , Penvey
kind of petfdon was Bill Remnimg, who later became Lord Panhtné? in charge of

the British atomic weapons establishment. He had tin cans that were closed,

~ ;
and you could measure the blast by seeing how much these were bent or dented,

how much they were squeezed together--almost as ingenious as Jeff's idea of
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thege open tin cans that would show the wave height. We had a whog;?Ship
éé@t—me devqted'to fhese oceanographic measurements. John Isaacs was very
muéh involved wifh the photography. Gifford, Ewing, and Walter Munk were

involved with the measurements of the dispersion ofy diffusion of the radio-

+

activity inside the atoll. We had a lot of ways of measuring radioactivity
inside the atoll. I think Ted Folsom was involved with this, too; I'm not
quite sure whether he was involved or not, but T think so. John Isaacs can

tell you a 1ot‘aboﬁrthat.i‘We'had all sorts of fdnny experiences. We were

. putting up these wave-measuring devices and dispersion-measuring devices

gAY

all over the atoll, which was abouthQ miles iong. They had a series of

1aﬁding craft to carry‘them aroundbaﬁd to move them from one end of tﬁé atoll

to the other. These were notLiéggigfs They were one size igége, easentiadds -

50 feet lon%, and quit? beamyjfsort pf barges. Those were the days when the
cSE ebsolcde nadiv.

Navy was its-absolute Nawy. Most of the enlisted men there were guys who

had been parol}ed or sentenced to the Navy's equivalent of jail for quite

a long time. Butégf they’d_gb out to Bikini, they'd be parol ed,bppt on

probation. And it was typical that/crews of these damned landing craft WOﬁld

get up to the far end of the lagoon and‘say, "Weli, we think our discharge

papers have arrivéd. We'd better go back." And the only guys who here there

with them were civilién scientists.vtgailors paid vefy little attention

to them. They'd go back,and, by God, their discharge papers had arrived.

And you had to get another crew and étart all over again. But, ﬁe had

also»quite a bif of experimental work in advance of——par;icularly the under-

water test because the underwater test was.... There had been a theory

develéped in the last part of the war“}which was given a good deal of credence

by Winston Churchill. He thought it was true that you could make a huge

wave if you made a big enough explé%ion at the‘right depth underwateri

jhe theory more or less bore this ouE:;'gnqﬁrthat this wave would travel a

very long way, would be a kind of a weapon causing very considerable amounts
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of damage at gréat distances. This underwater exp16sion was .one wa& of |
testing this out. In order to geﬁ some idea of ﬁhe magnitude and the phenome-
nology, Mike O'Brien, whovwas then Dean of the Cpllege of Engineering at Berkeléy,
organized a series of teéts, test explosions, thch they photographed with
high-speed photography. Afterwards, we looked fack on those tests, and we
saw something which really occurred as a theme. That was something called
a>basé surge. Did you ever hear of a bése surge?

No.

Base surge is the most frightening thing I ever saw in my lifﬁ)the first
time you see it. It was a...what looked like‘a wall of solid water,
several hundred feet high, moving very rapidly out from the point of the
explosioh._‘BUthafter it got §bout half a mile out, it stoppgﬁéyghd iﬁ
lifted from the surface,and then tﬂefe was a huge rain. It was esseﬁtially
a very dense cloud. It was a density curfent. What happened was that the
underwater ekplosioﬁ shot a column of water and air, a huge pillargsabout
half a mile across, up into the air. AThen this thing settled down again

and was, essentially, a mist or a cloud. But it was heavier than air because

‘there was so much water in iﬁ(fEb‘it came down like this and then spread

out like this. Then, as enough water dropped out of the thing, it‘was hot.
Thereforé, the air was able to liEX-above the surface. So the base.surge;
after about something like 30 seconds, just lifted off the water, turned

out not to be é wave at all. fhere were waves, in addition, and we were

able to measure the waves. The waves were like ten feet_high, oi 15 feet
high. This thin( was, to begin with, a couple of hundred feet high--just
ldoked terrible--and moved very, very rapidly. It was'&hat.we cail a density
current coming outvlike that. This was a Veryrinteresting phenomenon which
we Tnever would have really been able to understand or even to record if it

that

hadn't been for the enormous amount of work John Isaacs and other guys

/
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did in the setting up«Fhese photographlc towers and the photographlc systems
ﬂ:;z year later I organized something called the Resurvey of Blkln)g his was
after T was in ONR:>'Huzresurvey went back there with a much smaller task
force to see what had happened, what was it like a &ear later. We had a group
of biologiets and radie:ﬁhemists there. That‘Qas one of the hardest jobs
I ever did in my liff)was organizing that, the scientific part of that
resurvey, beceuse nobody wanted to be involved. - But there were lots of radio- ‘
chemist%),and I ﬁanaged to get Charlie’Corielle5 who later became professor
of chemistry at MiT. I somehow got...i guess I knew him before the war; he
was at UCLA. He'd been involved with the radiqushemistry business all during
the war, and he managed to recruit a group of good radigﬁghemists to go out
there and work on this problem. If it hadn't been for him, I would haveﬁgggi.
I used to stay up till 2:00 or 3:00 in the morning, calling people all
over the country, trying fo get them fo go ouf on this resurvey of Bikini.
This was in 1947. It worked out very well. The most important outcome,
however, scientifically, was the drilling that we did on Bikini Atoll. We
got an oilwell drllllng company contracted to drlll a hole in the reef |
because the results we'd gotten the previous year from our seismic work
indicated that the 1imestoﬁe'was several ehousand feet thick, or the reef
was severel thousand feet fhick, andefhaggmaybe at the depth of a mile or
moreg you finally came to baselt. Tﬁis was, at that time, one of the great
unsolved questions: what was the origin of'coral reefs? Darwin had had the
idea long ago, 150 years ago, that ceral reefs were sUnkeh volcanoes and that,
as the Volcaho sank, the coral reef built ue. First you had a volcano here
with a fringing reef eround it. And.then, as the volcano sank, the reef
moved out and became a barrier reef. And, as the volcano sank still'more?
ygﬁ had nothing except the reef and the lagoon in the middle. There were

other people who said this was just nonsense, that the reefs were formed

during the Pleistocene. And so it ought to be a very important thing to do,
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to find out just what they were like. And it turned out that at least

. m
* Bikini, and later Epewetok and other ones that have been studied since,

were all flaf—top sea mounts, where the mountain was plained‘off at sea level— —
there was a pile of volcanic ash and lava cut off by waves at sea level.

And the coral grew around the edges of these tﬁings,'and theﬁ they sank. if
théy sank slowly enough, the cbral could keep up, and you eventually ended

up with an atoll. The lagoon in an atoll, however, is a Pleistocene bheno—
menon. When_the sea level was about 200 feet lower than it is now, thé§e
things were all planed off. And so the islands around the edges of the atéll—-
I mean the atoll itself:h;}he islands around the lagoon are all not more than

a million years old, formed on a platform planed off during the Pleistocene,
which is the boﬁtom of the lagoon, tBe deepesﬁ‘part of the lagoon. But
underneath that is a bonepil%i‘6,000 feet thick, or 4,0001to 6,000 feet

thick, of the remains of coral and coraline algae which grew on a submerged

, | | N
volcanic platform. Now, you find lots of things called gios, c§ flat-top

sea mounts, which sank too fast and which have a little bit of coral on

~ them, but not very much. And they're covered mostly with manganese, crusts

of manganese, with occasional shallow-water fossils——enough so that you can
tell their age and that they were in shallow water when they were planed
off. And that was oné of the discoveries we made during our mid Pacific
exﬁedition: that these sea mounts, far from being a billion or two billion
years old, were about aAﬁundred million years old, of Cretaceous age.  And
we found that by finding fossils that were shallow—wéter fbssils,novj at
dépthé of 6,000 feet were Cretaceous'fossils. But the first part of this
study was the seismic work during\bperation Crossroads.”

But in the folléw—ué?

Ar® then the follow-up in the Bikini resurvey.

Should we have another Bikini test, by the way, now that the bombs are more
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powerful?

Well, we have had a whole series of the[hydrogen bomb tests on Bikini and on
Enewetok. They tested -all the big thérmoﬁuclear weapons  there. You're
thinking about a test against ships? '

Yes..

Well, that's very hara to do. We did have a test of an underwatervatomic
weapon down here off Mexico. We lbwered the weapon to about 3,000 feet and
exploded it. But, as far és I know, nobody's ever exploded a thermonuclear
device underﬁater. I may be wrong about that. In any case, they're so

big that, if you explode one in a lagoon like the Bikini Lagodn, you'd simply
blow the water out of the lagoon.

I only have one other question about this part in your career I want to ask
you. 2¥y not a career in the Navy? Did you ever consider a career in the Navy?
Yes, Id

|

No, I meant in the period between '45 and '47, really.

[ .
but after World War II, not before World War II.

I really wanted to go back to Scripps. The only reason for considering a

career in the NaVy‘was if they didn't really'want me back at Scripps)very
much. And a lot of guys didn't. This is a‘fairly complex story. Carl
Eckhart and Harold Sverdrup were just bound and determined that I should

be Sverdrup;s successor as‘%irector of the Scripps Institution. There

were several other people on\the faculty that di&n't think this was a good
idea at all, including‘Franigs Shepher& and ‘Carl Hubbs‘of Fisheries. They
had different reasons. My analysis would be that Hubbs thought we ought to.
have a biologist as director, not a miiitaryvman, not a Naval-man, of all ‘things
not a Naval man! Shepherd's opﬁosition was basicaliy because we hadn't
gotten along very well when he had this project, DSA project, out there. -
Hé*é really not very brighf. If‘Lyman Spitzer has aﬁ IQ 40 points higher:
than mine, my IQ is considerably higher than Francis Shepherd's. Shepherd's

got other,qualities, including indefatiguable curiosity and enormous energy;
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but he's not awfully smart., And that's kind of hard--to work with a much
younger man who's a lot smarter than you ar€;~;f you don't‘have a generéUS
spirit. .So, in any case, they were opposed to my being directof. Finally,

¢

a comprohise was hit on, and.that was that Carl Eckhart should become director,
So, he was director for two years, '48-'50. )
'48 to '50,.okay, that makes sense.
‘And‘he asked ﬁe to come back as his associate director, which I did, and
I was promoted to the professorship_at the same time, So I'm the only guy
who ever went from being an instructor to being a professor withoqé having
the intermediate steps. I was instructor when I went into the Navy and came
baﬁ% as a professor, that is, associate director.

' ot
My impression ig«you were carried on the faculty 1isg;ng in Scripps Insti-
tution the whole time that you were in the Navy.
That's right, sure. They'méy even have promoted me in absentia; I'm not
quité sure about that. After two years, Cérl resigned as director,vand I
was appointed acting difector. I was acting director fér the year 1950.
ThlS opposition to my being d1rector still existed, still per51sted But
I had some powerful allleig(zgny of them were not here at Scrlpps, 1nc1uding
Datlef Bronk, (?) who was at that time president of Johns Hopkins University
and presidenf of the National Academy of Sciences and President of A,A,A.S.
Office; and another was a man named Bert Walford in the Bureau of Commercial
Fisheries. Bert suggested that we have a conferepce on the future of the |
Scripps‘Institution, that we bfing to this conference people from all byer
the world. And this was sometime in the spring, I think,~of 1950.Y'I'm 
prgtty sure that's when it was.‘ Although I'm not quite'suré, I'm pretty sure
it was the spring of 1950. Maybe it was in tﬁe fall, The reason I fhink

it™vas in the spring...it was before the loyalty oath controversy erupted,

And Spraw (?)'was, of course, very much in favor of my being director, Bob

Shank

s
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Sprﬁw, president of the universit#%é}hd that's why he was willing to sponsor
the conference. He did, and,Bfonk came out, too,’and Coiumbus Islin from
‘Woods Hole and a lot: of guys'who were good friends.of mine. And we spent
three or four days talking about the future of o;eanography~and the future
of the Scripps Institution. It was an inspiriné.affair' in many ways.

Later, at the end of it, we dedicated the Thomas Wéylan Vaughﬁ Aqﬁarium
Museum. Brénk made the dedicatipn speech, and I was éupposed to play a
record that T.W. Vaughn had made. He was too old and too ill to come out
iv himself, but he made é.reéording.<:i'h not sure exactly-whethér it was a

tape recording or a phonograph recording or disc recording-:>1 forgot to
play it, the damn thlng' But, anyhow, other than that, Sp;aw éggqln good
form’ and Bronk was in good formxghd it was qu1te clear after that that I
was going to be the next dlrector.lfgit.then all hell broke loose because
the Megents—--those were the days of MéCarthy—;paésed a résolution that all
faculty members had to sign a loyélty'oath saying thatbthey,were not é
communist. And a lot of people at Berkeley and UCLA didn't want to 51gn
that oath; not that they were communists, but they thought that th1s was
an 1nfr1ngement of academ1; freedom. Maybe even some of them were communist,
for all I know, but I don't think many of them were. The worse thing about
- it was that the ézgents said that if you don't sign the oath, you would get
fired, you would get'diécharged{ And that violated the principle of academic
tenure, which I think is an absolutely fuhdamental‘principle in a'university.
So, noné of our'guys out.here signed it, more or less* unéer.my leadership.
We were brought into the écademic-senéte councils of UCLA and Berkelez} and
a lot 6f-my colleagues, like Mikes Bryan in the field of engineering, were
on the same side. He didn't quite understand wﬁy; but, if I was on if, he

wa§‘goihg to be on it, too. David Saks (?) was a very powerful, not powerful

but very dedicated, man who was fighting the &;gents, too. He 's the new
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president of the University of Califprnia., He waé the young assistant professor
iﬁ physics then. And we maﬁaged to get old Hollie Mad Smith on our side,

He lived here.in La Jolla--Holland M. Smith, the great Marine Corps Ceneral,

a wonderful man.. He was not a West Point or Ann;polis man- or anything; he |
was a lawyer. He got a'law'degree ana'then wénf into the Marines and became

a great general. . But he still remembered his 1a9(ﬁznd, as a lawyer, he !
decided this was ridiculous, that this was really an infringement of academic
freedom and violation of tenure. So, he became an ardent supporter of our
side and went to see Governor Warren. 'I‘remember very well a couple of these
little old ladies.in tennis shoes who infest La Jolla came up to him and said,
"General, why won't those professors sign those simple oaths saying\they're

not communists?" and the General turned to them in his sternest voice and then

he said, " Mad'm, if somebody asked you to sign a paper saying you were not

. a whore, what would you do?™ And that was the last time he ever spoke to

them. I was one of the witnesses before the alumni committee, It was quite

clear I was not a communist, having been in the Navy for seven years and never

" really taking any part in any political activity. So, I was a good witness,

and John B. McLaughlin and Bekg, Steve Beko, (?) head‘of the Beko Corporation,
were members of this alumni committee, aﬁd various other very decent citizens
and great men in Célifornia. And they proposed what was called the "Alumni
Compfomisé," which was that there would be a committée appointed by the aca-
demic senaté to investigate all,tbose people who had not signed tﬁe oatb.z

and that committee would recommeéé what should be done in each individual
case--like nothing, for example. And this was considered by the {%gents

at a meeting in Davis. Governor Warren was there presiding. .The Governor

of California is ex-officio to the president of the Bbard of Regents, not

th® chairman, but the president. And when he is there, he ﬁreéides. The

)
kegents passed this by a pretty large majority, this "Alumni Compromise."
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I never will forget, I was sitting in the audience, of course, and I never

will forget that occasion because Mario Geonini, son of A,P. Geonini,

wWho

was then...Mario‘g\was then head of the Bank of America, the higgest bank in

\ : .
the countrzﬁwﬁsaid, "The.flags will fly in the ‘Kremlin tonight, I hereby
resign from this Board of Regen;s, and I'ﬁ going to devote the rest of my
life to Qrgaﬁizing vigilantes to fight communism."v He said this in exactly
those words( And this just gives you some idea of thé spirit of that awful
time. |

Well, you know, in Texas we had to sign it by law. It was passedkby state

law: any state employee had to sign a loyalty oath,because I can remember.,.,

M

Well, if you have to do it by law, you have to do it. The;kkgent3~did not
have that legal authority. We said, at least, we would obey the law; we
wouldn't sign something that was just imposed by the"k?gents. And Governor
Warren said, '"Mario, you don't want to do that. The democratic thing for
you to do is to stay here and try to convince us that we're wrong., Don't

resign from the Board; stay on the Board and try to persuade us to change
‘\

_our minds.f Well, nevertheless, Geonini did resignY{%nd I took an oath that

I would vote for Governor Warren from then on, no matter what he did.
Unfortunately, he never ran for anything again. Later he was appointed -
Chief Justice of the Supreme Court, That was a couple of years later; this

f; N : . .
‘And th&?Russ Raitt and I and,I guess,not many other members

of the faculty went out on our mid Pacific expedition in the summer offf 1950.
That was a two ship expedition. That was the first great exploring expedi-
tion of the Scripps Institution”id 1950. One of the things we discovered

was the mid Pacific mountains, where the mountain ranges run west of Hawaii.

Another was we measured the heat flow coming through the sea floor and found

N » .
th®t it was about the same as teh continental heat flow. Russ Raitt made

a lot of seismic measurements which showed that the sediments were only abhout
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a hundred meters tﬁick. This was‘the beginningpmeallxé/Gf the great series
of diseo;eries that have ended up in plate—teetonics; These sea mouﬁts
6,000 feet below the sufface, flat—topband_____-___, all bent at the surface,
.are VeryAyoung)not old. There was no placefin‘;he ocean that very old."It
was thought that the? werebperhapé’two billion years old because they were
so deep. There were very thin sediﬁents which tied in exactly with the idea
of the squfioor being very young. = The heat flow, which couldn't be expiained
in any other way except by convectlo \}n the mantle}(éhd then later, of course,
Jaeer expeditions were conducted in the trenches and the mid-ocean ;idges,
and particularly the magnetic stripping, which is another story. We.sterted

MIL PR _ | .
with the Mydghgﬁ expedltlon in 1950, We organieed more and more exploring
expedltlons over larger and larger areas of the Pacific. These were led by
a series of inepired'expedition leaders. T led the Mid Pacific expedition
and what we called the .Capricorn EXpeditioqé but most of the expeditions
were led by Warren Wooster and by Phii Menard and by Bob Fisher. Those
are the three thet.occur'to me Offﬁand as the people who really were very
good at this. ﬂkﬁ;‘we‘gradually built up our fleet of ships, and we had more
and more kinds ef expeditions. For example, we had one in the South China
Sea that lasted for neafly three years--South China Sea and the Gulf of
Thailaﬁﬁﬁ(@hich we called the Neugah Expedition. The leader of that started
out to be a Dane named Anton Bruun; but he got sick, dissentery,Aand it was
taken oeer by the captain, Jim Vaughn, also an inspired leader. It takes a
very specialbkind of guy to lead an expedition. Maurice Ewing was Very good
at it% hifferent people do it in dlfferent ways. But the essential thlng
is to make everybody ‘feel that he' s getting hlsShare of the pie, that all
the people o oard are accomplishing, doing something that advances their
owgﬁresearch interests, and that you have adequate eqeipment, adequate

crewing, and competent personnel, complicated'planning and logistics,as well
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as operational business. Another man very good at this was Johnny Garmades (?).
In fact, we sort of specialized in producing oceanographic administrators
at Scripps. Most of the oceanographic institutions in this country are led
by Scripps graduates, or partially led. For example, Art Maxwell at Woods

k‘\l\k\k§$ .

Hole, Johnny @emrades at Rhode Island, Warren Wooster who just retired from
the Rosentiel Laboratory at the University of Miami, Dick Fleming in Seattle,
.Dale Leiﬁ%r at Texas A&M. Anyhow, good training for being director of an

institution 'is to lead some expeditions, and I was pretty good at that. T

was never much of an administrator ashore, but I was a good administrator

1 ks

at sea. nAﬂyhow, about 1955, T never went to séa anymore. One of the reasons
for this was that I.decided that we were not treating our graduate students
:vefy well. We were;*f feltyuy two thingé} and I always have felﬁ.one of them.
And that is that research and teaching are inseparable, that you just can't
do a good job of teaching without.research and that you can't do a good job
of research without teaching. And if you look at’laboratories‘that are divorced
from uniﬁersitiés,vthey're nevér very good for more than a generation.

‘They don't reproduce themselves. onu need to have young people}(%nd you

need to have the enthusiasm, the energy, the iconoclasm, and the confidence
that young pegple, young scientists)have., And so, it was quite esseptial,
from my point of view, that we should have'gbbd~graduate students here at
Scripps. But guys like Art Maxwell and Johnny.gzggg;; and some of the others
had a hard time with their doctoral exam. I thought the reason for it was...
a‘lot of them did, not‘just those two, but those wefe two outstanding people
who had trouble with their doctor's exam. I thought that the reaéon for it
wés that they were divorced from their basic sciences. We were 120'ﬁilés
away from UCLA. If was a killing trip to get up there. The peoplevwho céme

dd¥n here intended to stay here and not to take any more courses in physics

or chemistry or biology or mathematics or engineering, which are basic to
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oceanographic research, or to oceanogfaphic work. Océanography is not really

a science}(éleanography is the application of science to an object of study,

- namely, the oceaeﬂ{and what lives in the ocean, what's beneath the bceagﬁf

and what's above fhe ocean-- the whole range of phenomena of the Qatery part
of oﬁr planet. Therefore, what you need is gooa physicists; goodAchemisté,
and good biologist%wiho,at the same4time,Aare fascinated by this compléx

sef of phenomena that occur in the ocean. And I think you need people who are...
you need at least some of these people to be trained in oceanogréphic insti-
tutions as graduate students. The reason I do is that going to sea is more
than just an aft——doing sciencé at sea. There's an artistic component to

it, but it also takes é cértain kind of scientific imagination and scientific
planning. And, even more important, -every part of.the ocean is related to
every otherlbaft of the ocean. You can't do both 6cean and marine physics
very well without also knowing éomething abéut marine chemistry and marine
biology. The étory I told you aBout the snapping shrimp and the deep écat—
tering layer illustrates fhat very well indeed.. You need to have respect

for and understanding of pure physical oceanography: what the biologists

know and what they're interested in and vice versa. That means that you

reaily need some people to be trained in an oceanographic institution,

who have this breadth of view»and speéial kind of experience. On the other
hand, they also neea to know as much basic science as possible.So,it's a

tough business to do both those thiﬁgs. And it's essentially'imp;ssible

when the nearest basic university is 120 miles away. WOoq5ﬂole has d%écoﬁeréd
tﬁe same thing. So, I thoﬁght of a wéy to solve,thié problem, which was to
establish down here a grédﬁate school of sciénce'and enginéering, which‘I
thought of as like Cal Tech. If you look at Cal Tech, it's got mostly

gr22uate students, only got 500 undergraduates and about l,500~gra&uatevstudents.

The only difference would be this would be a state-supported institution
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ratﬁér than a privately suppofted insfitution; But, in those days, that
difference didn't look.like it’was very much of a difference because everybody
was riding-high.' Prosperity was not only around the corner, it was here
with a‘béng. And the income of the University‘ok California was increasing
by leaps and Bounds, even though everybody alwa&s pqormbuthed it. And I
got é good .deal of support from the Cﬁamber‘of Cémmerce and Convair and thé
other_indus;rial people in San Diego. And I brought Rawson Bennett out he;e,
the man I told you about before, whd,'by this time, was<ahiéf of Naval

Research, head of the Office of Naval Research. He made a speech. He had

been here before; he was well known in San Diego because his last job

before becoming Chief of the Burueau of Naval Research was commander of a

naval electronics laboratory, Director of the Naval Electrdnics Laﬁoratory,

. , .
which was the old Navy Radio and Sopnd Laboratoryff-ﬁhat's a big job. He
was well knowﬁ.'FHe came out and gave a speech to the local citizens, |
including the city manager and the mayor and éhe big wigs of San Diego,
and said that the Navy was all for this and would support it vigorously andl
would support résearch there. ﬁe'also séid it was a damn good thing for
San Diego, whicb he knew well. ‘It was a very powerful and very effective
speecﬂxvénd the people of San DiegOVWanted thisg anyhow, so this was just an
added bonus. But the'main-thing that Rawson did was to overcome the opposi-
tion of other campﬁsés of the university, particulafly\]CLA, who were always
very jealous of us Bécause we néver did much teaching and we got lots of money
fromAthe government and we had lots of members,of the National Academy and
things like thaf;a~gsﬁ many.by that time, but stilE?severé{Daf-thunmnime,
more than they had at UCLé;Xs. The worst blow of all to‘the UCLA people was
when we persﬁaded Hérold Uri (?) to come out here. 1I'd gotten to know
Ha¥%old pretty well_ih Wa;;ington in connection with my interest in geochemistry,

I went to see him and persuaded him to come to Scripps Institution, having

in mind, however, that we would have a school of science and engineering,
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About the same time, Jim Arnold came here; Ham Craig, and Hans Suse (?),

‘ WwhO
ﬁﬁaaue:e-——partlcularly Hans Susefvas a great sc1entlst, recognlzed as one,.

I guess.potex came first, and then Harold. Anyhow, these guys at UCLA

took a very dim view of our getting; Uri and insisted that Scrowly (?) not

be a professor at Scripp%z;but a Professor at Lérge in the universitzafso that
oy :

they could claim him, too. Pafticuiarly a man named Louis Slickter ™,

who was E}rector of the Institute of Geophysics, felt this way. He said if

I hadn't talked Harold into coming here, he would have come to UCLA. He
might or might not have. But, anyhow, there was a series of committees from
the other campuses ﬁhat took a very dim view of this school of science and
engineering. The engineers said, "We can do the whole job with a university
extention." One of the reasons for having it was to upgrade the quality of
the engineers and scientists that were working fdr Rohr (?) and Solar (?)
and Conyair and the other high technology industries here. The School of
Engineering at UCLA had a program down here which was designed to do this.
And they said, "Why can't we jﬁst expand that?" But‘Glen Seaborg came down
on one of his committéés, andanrhest Lawrence was on that commiftee, too.
They were from Berkéley, which was far enough away so we weren't a threat.
Ihey alwaysblike big ideas, so they enthusiastically backed it. And the
ﬁ;gents voted to establish it. This was about 1956 or '57; I'm confused a
little aboﬁtvthe actﬁal detailed sequencevof events. The fact was that the
Séhool of Science and Engineering never got‘bff the ground, even though the
| city had voted us this 50 acres of land. And the reason was that the
‘regents got a bigger idea. There was a State Office of Eéucation report,
based upon demographic projections of the future of California, that said
that we were going fo have 50 ﬁillion people here by the year 2000. Those

wefe the days when the birth rate was right in the middle of the baby bbom;

the birth rate was still going up, and people were flocking into California
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because of the rise of high technology industfy here. All the projections -
showed the. population of California just going up and up, as I say, 50
million people by the end of this century. It was recoﬁmended éll thrée
segments'of public higher education in California should be' expanded. Those
were the junior colleges which were 1ocaily pafﬁ for_and locally managed 5y
citiegﬁ out of city taxes, like public s;hoolsvbut with a contributioh from the

' stafe; state colleges which offered a full four-year college educatién fo a
rather large percentage of high.school gfadUatés;iand the university which
offered not only uﬁdergraduate but also graduate teaching and research and
had a véry restrictive admissions policy, only the top one-eighth of the high
school graduates. This admissions policy was formalized by thec;ﬁﬂdinafing

té;ard of %&gber‘é&ucatioﬁ in California, composed of four segments—-three
public segments pius the private college: that the junior colleges would
admit every high school graduate, state‘éolleges woula admit the top 35 per

cent, and the University of Californi%y the top twelve and one-half percent

as freshmen. The university would also admit graduates of the junior.colleges

who were qualified. And they decided, on that basis, that they needed three
new campuses with 27,500 students each. And they would also expand Santa
"Barbara and Riverside'and Davis, but they would have these three big, new
campuées. And one of thése was going to be in hdrthern'California and two
were in southern California. It seemed logical that one of them would be

in San Diego County, one new one in the LoshAngeles area (ﬁlus UCLA), one
new one in northern Califorﬁia. And so they sort of put the School of Science
and Engineering on the back burner. They decided to go ahéad with a search
for sites for these three neﬁ campuses. The architecture firm of Perrer and
Lupmann got thé:job of making a survey of where the new campus in San Diego
Céﬁhty shopld be. I thought right froﬁ the very beginning it should be as

close as possible to Scripps Institution of Oceanography. The alternative

would have been to build us a school of science and engineering here, which
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they'd agréed to and which we had the land for.

So, as far as you were concerned, then, the campus ought to be located as
close to Scripps as possible? | )
That's right. The alternative, as Ibséy, was fojput the School of Science

‘and Engineering here on the 50 acres of'land,tﬂé city had éiven ug and put

the university somehwere else, the big new university campus. I had several
reasons for thinkiﬁg'this. One wés th;fg'thought it wouid be good for the
Scfipps Institution. Another was that it was avbeautiful site, by far the
most héndsome site in the whole area. And the third was that the existence

of the Scripps Institution would give credibility to the whole enterprise.

This is a great place, a worldwide known place. ‘It‘would be easy to recruit
faculty‘members. The great antagonist to this pésition was one of ﬂua&%gents,
a man named Ed Pauléy. He just really didn't want to have a campus at

B
San Diego at all. He never actually said that because other &ggents were

 pretty enthusiastic about it.  From his political point of view, it would

have been counter—productlve to mount a frontal attack on the new campus.
Bettoru ()

But , he proposed that it be in Dowbol Pars)( Dowbol Park is the crown jewel

of San Diego, sort of like Golden Gate Park in San Franc1sco The people

of San Diego wouldn't give it up for anything; let ‘alone for a new university

which they don't understand too well anyway. So, that Qas‘just obviously

a ploy on his part. His second ploybwas...after we'd more or less agreéd-—»

it was not agreed, but I was enthusiastic about it and quite a few other

people were--to have it‘there.where it is now><i.. The second ploy was that

the airplane héise level would be too.high because of Marimar Naval Air Station.

My assistant .director Qas a man named Charles Wheelock, Charles de Larma |

Wheelock, a retired admiral of the Bureau of Ships, a naval instructor,

N
kind of a funny guy to have as associate director of an oceanographic insti-

~ tution because he just got seasick looking at the ocean. That%;%%yfhe was

a naval architect and not a line officer. But he was an absolutely wonderful



56
: : 7 i
man, modest, decent, honest, persuasive, bright, a good guﬁ{%?md I was just
awfully 1ucky to con the Navy into letting me have him, letting him retire
early to come out here to Scripps. I'd worked on this for years, getting
him, and he was able to talk the people at Marimar into changing their flight
pattern. Instead of flying directly over Scrippsy/ as they had been on their
takeoff, they turned and made a sharp right turn -and flew out over Tory

Pines Park, Tory Pines State Canyoﬁ;rbetween Tory Pines and Del Mar--which

is pretty hard on General Dynamics Laboratories, General Electronics Labora-

torieslﬁ%éuse it flew right over them. But, we then 2034 measurea lots of
noise levels all‘overvthe whole campus, and we showed that they are not really
very bad. And we looked up other campusés that ﬁere under a flight pattern,
like University of Minnesota and University of Arizoné and Riverside campus
of the University of California. They all seemed to be getting along okay.
But Pauley is a very serious fighter when he gets inﬁolved wifh someﬁhing,
gpd he took the A%gents out to his estate on Cocoanut Island in the middle
of o Béy, in Awahoo (?). About twbbmiles from his house there, his
estate, is a marine éir stationmk And he got the commandant of that station
to fly a flight of marine fiéhter blanes right over his house at about

200 feet and turn on their afterburners-just as they got over his house.
This scared the &@génfs to death, as you can imagine——liké an explosion;
it's awful. Parrera was a. very goodgéuy, Bill Parrera. Charles quhan was
a former president of ievér Brothers-—eséenﬁially in soap suds. He also had
a degree in arthitecture, I guess, but he was basically a.salesman. By this

time, they had split up, after this search had been going on for years for

a new campus. And Lupmann was being a very political type and,knowing that

~

/ S
Pauley was the most powerful kegent, found all sorts of reasons why we

shduldn't have the campus‘here. He said it might cost $20 million more for

noise pfotection. Unfortunately, he was also the architect for the Scripps
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Memorial Hospital, which had a site about two.miles closer to Marimar than
we were end much closer to the flight pattern than we were, He wrote a letter
to the administrator of the hospital saying that airplane noise would be
no problem‘at this new site for the hospital. Ohe of the advantages of 1iving
.in a place for a long time is you get to‘know a lot of.peoplevpretty well,
The administrator gave me a copy of this letter--wasn't confidential--so T
gave it to Clerk éﬁ?%é?%’ We had another meeting at Daviej ¥his was about
’1960 or '59, I guess. Lupmann got up .and told us about all this terrible
noise problem, and Clark said, '"'Well, very interesting, but I‘have a letter
here you wrote to the administrator of the Scripps Hospltal that there wouldn't
be any noise problem." The upshot was that the %;gents vote there were two
upshots, One was that the. ‘%gents voted 21-1 to 1ocate the site in La Jollej
¥he other upshot was that I never,became @hancellor. It was a phyrric
victory, as far as I was concerned. 1 was the Dean of the School of Science
and Engineering, this‘paper organization; I was chief campus officer; T
was responsible for making the academic plans for the university and recruiting
people for it. We had several ideas. The *egents put all sorts of conditions
~ on having the site here:A one of the conditions was they should get 1,200
acres of land, free and clear, from somebodya Another condition was that
thezE%hould be a univer31ty town, a university community, built up and planned
by the city in. cooperation with the &;gents, with the office of architects,
end engineers of the g:iversity. i don't remember what other conditions

—

there were, but those were the principle onesr\ university plans,.plan for
the(}?gents, and the land free and cléar.?éWe.had a campaign, a political
campaign, in San Diego, in which the City of San Diego voted to give us
something like_BOC acres of land, Fueblo»land::the same kind of land I told
yo¥ about befofzyqright next to the 180 acres that the Scripps Institution

owned. I've forgotten the exact number; maybe it was only 60 acres, quite a
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lérge chunk of land. Then we started to work on the Marine Corps. Charles
Wheelock, of courée, contributed yeoman service there. The Marine Cdrps really
- had to move because they were such a nuisance-—there was a Marine Corps
rifle range called Camp Matthews. Eventually, Lhe Navy agreed to turn over
- Camp Matthew§ to thé univefsity; ﬁe got 1,200 acres of land, free and clear.
The city cooperated handsomely in the planning of the whole region. They
got something called University_City, the university town planned just east
.of campus. The second idea was that, besides this fifst ideé that it ought
. to be here, it ought to be primarily a research university--not necessarily;
primarily--with a strong emphasis on fesearch and graduate instruction;
and that, therefore, it had to have outstanding research people;b and that
the way we would do this would be to build up one department ét a:time to
critical mass. We would not start out with an undergraduate facultylcévering‘
the waterfront. We would have jusﬁ one department, if necessary, to begin
.with, and anoﬁhervoné and anéther one, each one with enough first rate
researchers in it to have a gdod'doctoral'program-and a good chance of getting
support for‘research‘from the federal government. They woula support each
other in ideas and in inspiration. That intellectual exchange is quite
essential to this experience. Clark Kerr backed that wholeheartedlzﬂ,sorwe
did just that. I gotvthree people who were brilliant academic recruiters
and organizers: Jim Arnold in qhemistry; Keith Bruckner in physics, and David .
Bonner in biology. They were all thrilled with the idea of building a new: |
ﬁniversity and with the idea that we'd‘do it fhis way and not simply start
from the bottom and build up. Start from the toé and buiid down--build
the roof first, as we used to call it;_ And they all had a whole list of

first~rate people that they knew, many of whom were young, not very well
(i

kn%wn, we thought would be good to have her%(ﬂnuithey all went to town

and persuaded them. I, of course, did a great deal of this, in the sense

that everybody that would come here...we had kind of a routine. We would
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talk about our ideas of the new university, and we'd draw diagrams, and
we'd talk about the idea. I'11 tell you about it in a minute. I'd take
peoplé out and show them where the campus was'going to be. There Qas a

pile out there left over from thé days when it was an Army Eamp. It was

a pillar that supported a roof, and the thing was still standing there.
There was a fallen chimney right next to it. I'd'ggt people to stand én
top of this fallenkchimneixr§éu could éee for about two miies in every
direction. It was quite a sight. Then we'd always have a party for them
with the most interesting people we could find af these pafties. Everybody
thought'thisvwas a dull place, and.it was‘é dull place,Abut there were some
interesting people here. A lot of people got excited about it. And, of
course, the more we got, the more we‘got;v It snowballéd. One of 6ur prime
recruiting grounds wés the University of Chicago.. The reason for that was
that Bob Hutchins, God rest him, had_let the neighborhood deteriorate.

It had become the center of a black ghétto. These blacks were all pretty
rough, very rough. It was dangerous for a white man or a white woman to go
out on the streets, even in the‘daytime, let alone at night.» That's 6ne of
the principal reasons why Hérold Uri came here. And then we got'ioel Mayer
and his wife,‘Maria_Mayer, whg?'later,'after she came here, won a Nobel Prize
from the University of Chigagq;jgégveral 6ther people;%;Bonner himself came.
- from Yale, and Bruckner from the University of Pehnsylvania. Bruckner empha-
sized mainly solid~stéte physics. He got hélf a dozen top people in solid-
‘state physics. That was eésentially a new field in those,days. Harry
Mateus and Harry Sewell and Walter Cbhen were three of theT) Ck;d he got
Norman Cole in theoretical physics. He Himself is a theoretical nuclear
physicist. Most of these people were between 30 and 40 years old. Many of
tﬂ:ﬁ worked for the Bell labs--that was another.prime recruiting ground.

I had a principle: We will not pay anybody a higher salary than the salary
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he was getting where he was on-the‘theory that, if ybu could buy people,
somebody else could buy them away from you. That's a high-sounding theory
alright. The’fact is, - the péople who came here from the Bell lab just about
doubled their éalary because they were able tofc;nsult here: in the summertime.
Working for the Beli lab they got $23,000 a yea}, which was a pretty good
salary in those days. That's ali they got. They couldn't consult at all.
Here, if we offered them $23;OOO, they could earn anqther $15,000 or $20,000
in the summertime. Keith never told me this€ybut11 eventually caught on.
Keith was always in favor of paying peoplé_as much as you céuld possibly
" pay them. This was his principle. It wasn't a question of stealing people
or buying them;'iﬁ was a question that they deserved a high income. They
were good physicisfs, and this is what good physicists should have , a high
income. We got some very good people in the earth sciences, very goéd people
in biology, very good people in both chemistry and physics. Proof of the
pudding is tha?n now, 15 years lgter; something like 45 members of the National
Academy of Sciencejare on this campus. Only two or three universities in
the coﬁntry have a higher number. Hatrvard does, and the University of
California at Berkeley does, and that's about it. Oh, Rockefeller University.
Ed Bronk aﬁd I used to compare notes. He was doing what I really would
héve liked to do#,but couldn't do--building up, primarily, a small graduate
school. They'ﬁe got Nobel»Prize winners runniﬁg out of their ears at Rocke-
feller University. Every other guy you see‘is a Nobel Prize winner, and they're

~all members of the National Academy of Sciencg; Anyhow, we did pretty welly

s
-

}And the most important idea, without really realizing

under the circumstances.
it, was to find a first—rate librarian. I was pushed hard on that by
the people who came from regular universities rather than places like Scripps

In¥titution. They thought a library was very important; and it is very

important, terribly important. We had a man from Kansas, a librarian from
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. the University of Kansas named Mel Foyd, who's done an impossible job of

building up a pretty good library here in wke 15 years with very inadequate
resources, >We've got well over a million volumes, about a million and a
half. Let's see, it's divided intokfive diffefent 1ibrarieé4}the central
library, the science and engineering library, tﬁe Scripﬁs Institution
library, the undefgradgate library, and the medical-biomedical. Each of these
is a model of organization and management andvservice, plus having the béoks
and the journals. The way I started on this was,when it was planned to

have these three new campuses, he volunteered to collect ankundergraduaté
library for all three of thém»in duplicate. And since he was on the ground
and the other two campuses hadn't gotten started yet, we were started-
because we had Scripps. He did just that. He got 75,000 volumes in tripli-
cate. He gave one to Santa Cruz, one to Irvine, and we have one here.

The ﬁggenfs were so impressed with this that for a few years they gave him
almost anything he wanted, or the university administration Qid.

Cﬁ:f'The second chancellor here was a man named John Ga1g¥23235. He was

an historian and very mucb‘aware of the necessity of a research library for
the humanists, more so for the humanists than for natural scientists orksocial
scientists. So, he pushed the library véry hard. Clark Kerr was his 1ong—
time friend fngmé%t Clark quite‘sympathetic, too. Unfortunately, Clark got
fired. Clark used to say, "I entered my job and L%%t it the same way--
fired with enthusiasm." }%i;‘idea we used to attract people, and it wasva
very good idea...we really had thfee ideas: one of them was we would divide
the place ﬁp into colleges, not Oxford's type, small colleges, primarily
undergraduate teaching institutions, essentially little universities side

by side, pniversities of about 2,000 students; and we planned to have twelve

ofj?hem——2,00042,500 students, one-third graduates and two-thirds under-

graduates. We could mix it, I thought. The reason for this was that each
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college could be semi-autonomous to provide a liberal educétion inkall
branches of human thought, And, at the same time, the faculty would be
sane enough so ‘they could think and act and not'only react, whicﬁ is the
way it was at Berkeley because the faculty had g;tten that blg. Berkeley

4\tm\ ‘hm Al \ he

a&ways een' Tu by the»faculty, but they don't really run 1tA€ause they
never get any ideas put across. It is impossible to experiment with a
facult& of 3,000 peoplg*yor sqmething not that big, about 2,000. My idea
was to have maybe 150-200 people as the faculty of each of these little univer-
sities. They would be able to think up.their own curriculum and their own.
requirements and their own programs, and they would be different. You were
sure they were run by the right kind of people you get. The firét college
I thought of as essentially a place to produce graduate sfudents—Q in
other words, a scholarly place, not just in scieﬁce, but in humanities, chial'
sciences, as well as in natural science. T thought of the second oﬁe as
perhaps a place to produce artists and people related to arts, llke archi-
tects, Journallsts, writers. The third college would be, perhaps, a graduate
school, the school of businesé administration; the fourth maybe a school of
~law--undergraduates pushed in that direction towards administration or govern-
ment. And you could havé different sets of departments in;each«one. Each
set of departménts wohld, however, cover the waterfronts of human knowledge.‘
In one, say, you'd have additional biology. This would be in the one that
emphasized art becaﬁse the great motivation:for a traditional biologist is
beauty, the aesthetics, of'organisms. In ouf first college, our graduate
school college, we'd have high-powered, experimental biology. It's a little
different when we have ecology; apblied biology, leaning towafds the govern-—
vment and management. You'd have diffefent kinds of earth sciences;'different
kiMds of physics: éll fhe space physics in one, theoretical phyéics in

another, hydrodynamics in a third, and so on. Well, this didn't work out,
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but it sounded good. All professbrs'traditionally deplore departments.
They're enthusiastic about multiigiSCiplinary and inteqﬁgisciplinary.studies

on paper. In fact, they don't give a damn about multiwdisciplinary or

. e
0

inteﬁﬁgisciplinery studies;and they love depertmeng; as you. know.
Right. ‘

But that's how it was. They thought it would be nice to try it the other
way. The second idea was that we should emphasize creativity in the arts
rather than criticism. Iﬁ other words, we'd have musiciens, painters, actors,
playwrights, stage designers, sculptors, composers, and performing musicians,
not peoble who wrote about what other people did in the arts. In-other words,
humanities would be our complement of the sciences in the sense that they
would be cfeatiee rather than critical. One of the reasoﬁs for that was

that we didn't have much of a library; we couldn't be very critical. The

third idea was that we'd mix up the graduates and the undergraduates and

they would all...the undergraduates would get into contact with research

'just as soon as they possibly could because I said and Seymore said and many -

of us agreed that the object of the college of education. is to learn how to
learng, not to learn something but to learn how to learn>because times are
changing so fast that nothing you learn makes much sense ten years later.

So, therefore, we would try to get the undergraduates involved with researc?>(
And we wanted to get the graduates involved with the breadth of learning,

to get them in contact with the humanities and the social sciences, if you're
in the natural sciences--not necessarily in courses, but in seminars and
informal activities. S(W we wanted each college to have a.mix of graduates
and undergraduates. Well, I guess none of these ideas have really worked

out exactly. The colleges, as it turned ouf, turned out to be places primarily
di%ferent in their undergraduate curriculum. They do have some differences
in the underg;aduate curriculuﬁ)and the students think it's great to belong

to a college, as far as I can make out and what the faculty members tell me.
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Bugg as far as the graduates mixing with the undergraduates, that just doesn't
i .

happen very much. The departments are ﬁniversity—wide departments. They
don't belong to the college:B They belong to the university. They serve
al) '

all the collegeE} they have a life of their own. It is true we have a lot
of .creative art, nbﬁ.necessarily a good thing&’%ecause the creative artists
are all wild artists,bif you can imagihe. The art today amounts to what
most people don't understand. The one idea that did work out pretty well,
very well, in facg;‘;as the idea of building from the top down and building

department by department. And we have a series of very good departmentj not

necessarily very broad departments. For example, our economists are all

'g\ h [

. econometricians. God knows waht economet#rcians do in the modern world, but

that's what our guys do anyhow. And our psychologists are all experimental

psychologists. - Nevertheless, they're good. And we have a gfoup of young,

~ enthusiastic political scientists. We have a good group of anthropologists.

I think we'&e failed in l#@uistics, more or less. I'm not sure we're very
good in comparative literature. But, we're very good in basic sciences,
pretty good in mathematics, I guess fair in philosophy--I'm not sure about
that. Weil, I guess. the only thihgk'ghe thing which really is a sort of
permanent relic or permanent residue of these great ideas is the university'”
physical structure--the dérmitories and the academic buildings for each
college are right'tpgether._ And we have four of them no@: Revelle College} -
Kerr College, what's called Third Gollegei‘and what's called Fourth College.
So, in each case, then, the students live in, or right by, the buildings
themselves?

Right. And they have mostly the informal student life in theif college;;—
not always,bof course, but the cafeteria, the lounges, the ice cream parlors,

the& book stores, the sundry stores. 'One thing that hasn't worked out is the

ratio of undergraduates to graduates. We have mostly undergraduates and only
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abéut 1;500 graduates. That's including the medical school and Scriﬁps
Institution.!gnd I aon't know quite Why that is. Certainly, one powerful
reason is-the lack of academié jobs. Another is that the& just don't have
money to sﬁpport them. The tradition is that fou'support all of your graduate
students. They don't have enough teaching assi;tantships or énough research
assistantships to support many mdre gradﬁate students. But maybe there's
something more fundamental. I won't.even,back'this. I've been away 12 years
and only been back a few months. I'm é slo& learner, and I don't really
understand what's happéning. The other ﬁhing which, I guesé, bothers me is
that the collegiagfzpirit which is so characteristic of Harvard--the trédi—
tion is that all faculty;memﬁers help each qther out--doesn't exist here.
Faculty members do help each'otﬁer out in‘;he sense that, if I go oﬁ a trip,
somebody will take my class, sort of like a mother cow takes care of other
cow's calves as loﬁg as she doesn't have to nurse it. But the intellectual
interchange between different parts of the univérsityq;gI don't think
exists very much. 1It's more like Berkeley than it is like Harvard. I doﬁ't
QL.

know why that is. ThereXwsome faculty members who are enthusiastic about
, ;

increasing and improving intellectual and social interchange. These are
(@

dedicated, idealistic-type guys) And they include the Chancellor. The

Chancellor himself...he's a pretty remote figure. I think if I were chancellor,

I'd épend at least 50 per cent of my time wandering around the university
talking to peoplé, as I used to do when I was Director of Scripps, which I ‘
learned from Columbus Islinﬁgwho preceded me as Director of Woods Hole by
about ten years. I more or less pattérned myself after higyrin terms of how
I behaved with members of the staff, always trying to find out what people
were doing, why they were doing it, and being mbre,interested in what they
wé:é doing than’anybbdy else. When I was talking to them, they were the

chief guy in the world. This is very important:"Ehe morale.
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Do you think Scripps has grown too large?

I don't know. What do you think?

I don't know. I just wéndered. I wonder if there's an optimum place wHere
an institution or aruhiversity becomes sb largé it's difficult to have an
interchange of ideas.' "

Well, I‘%%li you one thing. This is discoufaging to me. I was reading
about it in the minutes of the Scripps staff meefing.’ When I was a graduate
student, it was tri&itiona1 tha; we had a staff lunch once a weegqyat which
somebody would talk about his research. Sverdrup kept that up, and I kept
it up. I always went myself and sort of made it quite clear that it was
what everybody was supposed to do. This custom has gone into abeyance the
last four or five years. They tried to revigé it this year as a result of
é queétionnairé they sent around to the staff. . About 100 people responded
saying they wanted to have this continued, but only 10-50 of them ever showed '
up. So, they've abandpned it again, which suggests to me that the place is
too large.

Why did &ou stop teaching full time?

I'm 67 years old. I am teaching full time. But I'm teaching in two

places. What do you mean "stop teaching full time'"?

‘Well, I all of a sudden see you drifting more and more to administration.

It may be an erroneous picture.

You mean long ago?

Long ago while you're at Scripps. 1 see you all of a sudden director at

fwo institutions aimost simultaneously-—ScrippS»and the University of
California at La Jolla. And I wondered if that didn't eliminate you teaching.
What was your reaction to that, personally, when that occurred?

Wéfi, I didn't mind it. I was creating something. I'm a géod guy at begin-

ning things, not necessarily a good guy at managing them after they're begun.
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What I was doing was transforming the Scripps Institution from a small,
1ocaily—oriented laboratory to a world-exploring;‘mult%ﬁ?isciplinary activity,‘
You know, we ended up with 12 sﬁips the last year I was director.
Would you estimate that to be your major accomplishment while director at
Scfipps,.changiﬁg Séripps from a localized insfitution to a;r;ay T call igi“b
a "multiversity"? That's a wrong choice of words. |

I wouldn't use that word at all, It was a...it became a world institution

concerned with the whole ocean, not just with the waters off southern

California. If I had an eﬁitaph as Director of Scripps, I would say, 'He

sent Scripps to sea." I did the same thing at Scripps that--I hope you

"won't think this is an egocentric comparison, but it illustrates what I'm

talkingvabout——I:aid:eh“‘“ roSerdy > Prince ‘Henry the Navi-
gator did for Portugal. He made it a world country instead of a little tipv
on the Iberian Penninsula.

'

I might add that you chose the same words, too, "age of exploration," when

you described what you thought the activities ought to be in the periods of

-T.
deliberate?

the seventeenth century vis—a-vis the 1950's. Was thi
How's that? I'm...

Well, I'm sayingvthat you and Prince Henry chose the same words. He said

"age of explbration" when he talks about his seventeenth century %hd you

say "age of exploration," in effect, wﬁen you talk aboutvyour century,

Are you talking about Prince Henry.the Navigator?

No. I'm'talking about when you referred 5ack to the time that began with

Prince Henry and to the time it closes, on down through ghe seventeenth ceﬁtury.
Oh, I see.

You speak of that in terms of age of explofation.

Ri¥ht, right.

And I'm saying that, in the decades of the '50's and the early '6Q's, you
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choose to use the same words. Was that deliberate?
That's right. And if you ask a fellow like Walter Munk what kind of a guy
I am, he'11l say I'm essentially an adventurer, much iike these guyé that
sailed for Prince Hénry; :‘ o - .
He also calls you a naturalist-- at least that'é in the things I read-- which,
I assume, .is the same sort of thing in this sense, a sort of common interest
about the world.
Well, what he means by that is I was interested in and effective at describing
things, not very good at experimentation or analysis. I didn't have the
maﬁhgmatical background or the experimental skill. But, when it comes to
knowing something about a lot of different things and‘being able to put it
together and‘asking piercing or benetrating questiog; that's something I—-
that's always been my specialty--nag. And I helped him a 16t;by,;kor example,
by asking questions about why is he doing what he's doinézlﬁhat does it mean?
Do you have any opinion on the relatively 1arge‘érop of graduate students
who are now appearing from the oceanog?aphic institutions in the
country? Do you think there are too many coming oﬁt, too few? 1Is this what
you-visioned‘for Scripps?
Well, I guess I'm worried aboﬁt what happened to the astronomers. vYou know,
there are ten astronoﬁers for every job in astronomy. What are all these
gﬁys going to do? I don't know.
I don't either. Sometime*I'll tell you whét historians db. Is a specializéd
school, such as Texas A&M‘University, a good way to produce society's profes-
éionalsf?wﬂk sdhould the schooi be more generalizeggain your concept of what
you visualized itbtovbe? . |
Well, I think that, aé I said, the basic purpose of a university education

shduld be to learn How to learn, and thatX not as simple as it sounds. It

means, in the first place, you need to learn the language. I don't mean
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French and German; I mean the language of fhe subject. You need té believe
that you can find out something that hasn't been found out before. And you
need to think it's fun to find out something that hasn't been found out yet,
None of those things say mﬁch about breadth. Ig principle,. you could do-all
three of those things and study nothing but physics. But that's only part

of it. Another aspect of learning how to learn is to be interested in things.

The way you get interested is to know something about them. At least, that's

the way I get interested. And, therefore, I think people need to know
something abouf a'lot of different things, enough so that they're interested--
not necessarily enough so they're experts, but enough so tﬁat they think it
woﬁld be nice to know more. | |

I'd like for the next series of questionSto concern theories of international
cooperation. You've done much in terms of the spirit of international
cooperation. Would you comment, please,:On some of these and what you feel
about them? What about NORPQE? How did it develop? Your attituge

tqwafds it? Do you think international coopération works?

Well, NORPAC was an idea of Joe'Reed, who was a descriptive physical éceano—

gfapher at Scripps. His idea was that we ought to get a kind of a photo-

graph of the North Pacific Ocean, the water masses of the North Pacific

Ocean, during one season, ohe year. - In order to do that, we had to'get a
lot of ships out simultaneously. And so, we went to Japan—-I went to.Japa§Xf
I think somebody from the Office 6f Naval Research went with me. I'm not
quite sure about that; I don't quite remember. I worked with the head of

the Hydrographic Office in Japan, a nice littlé 0ld man Qhose name siips my
mind for the momeht,'énd also with thé E;;heries people tﬁere. And . they
arranged to have several of their ships . take ﬁart in it. And the Canadian
oc®anographic group at Uninalvunder Taugie.took part)also} <?Aff’ld the Bureau of

Commercial Fisheries'ships in Hawaii. We were able to produce a kind of
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atlas of the North Pacific fof that one time. That's something that meteo-
rologists do all the time. They.have synoptic weather maps. But it's very
difficult in océanography because it'svso much more difficult to make the
observations. = You can make a map of ocean.surfaéintemperature, more or less,
at least along the routes that merchant ships tfavel; but there are many areas
of the ocean where there aren't any ﬁerchant ships., Of‘course, theybnéver
stép. They never‘take observations below the surface. I guess this was‘the
first international operation that we were engaged in here at Scripps,
although there'd been quite a bit of the same kind of thing in the Atlantiq,z
 sponsored by the International Council for the Exploration of the Sea.

And the man I told you about yesterday, Buren Helend-Hansen, had been involved
with several of these multi-ship expeditions. Then, I guess)the biggest
cooperative venture of this_kind’was the International Indian Ocean.Expeai—
tion, which was a project first proposed and detailed by the Scientific
Committee on Oceanic Research, which was appointed by thefInternational Council
of Scientific Unions in 1957, I think. It was called SCO§ and still exists.

I think the idea came first from Columbus Islin.. We had a meeting at

Woods Hole, an organizing meeting for SCOR, and I was the president of

it. T was the first president of SCOR and presided at this organizing meeting,
And I picked the members of SCOR and decided that -Columbus would represent

the International Geographical Unio?)aﬁd George Deacony the International
Union of Geodesy and Geophysics, and so forth. And the executivéjﬁbérd of.
ICSU appointed these people as representing‘ﬁhe different unidns; I guess

the unions had'fo be consulted, too. 'There was a man néméd Bernike from
Gerﬁany who was the civilian head of the German Hydrographic Office——it alsov
had a Ggrman name. There were.people from éeveral Eufopean countries. Of
coffrse, eventually we had repreéentativés frqm Australia. 'The man from

Australia, George Humphries, a man from Japan...it was really an international
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conmittee, but feprésenting, not countries, but unions. There was a Russian
member, Vladamir Corig, who was their great explorihg—type physicai oceano-
grapher. I think Ztankievitch was 7kembef. It'; easy.;Q find out who the
members were; I'm not sure I can give you anywhere near a complete list of
the first group. Anyhow, Columbus proposed,at ihis meeting in Woods Hole,
~one large area whicﬁ needed a lot more field work was the Indian Ocean. It
was the unknown ocean tﬁen, in 1957, in a way that the Atlaﬁtic and the Pacific
were not. And we all took this'up with very great enthusiasm. We appointed
" a coordinator who was not an oceanographer at all, but a social scientis;?;
who had worked for the Navy for several years as a project officer for the
experimental testing unit of the Navy. There's a fleet task force that
tested equipment. He waé one of their project officers. His name was Bob-
Snyder. He travelled ardund the world, drumming-uﬁ enthusiasm for this big
operation that we proposed in the Indiaﬁ Ocean and getting ships, ship plans,
and alfogether ended upvwith about 20 ships going to the Indian Ocean and
doing different things~- everybody telling everybody else what they were
doing and fitting together where they could.  We never had the kind of thing
we had in NORPAC, where everybody was out there simulténeously so we could
get a picture of the physical oceanograph&. Rather it was a series of studies
of particular phenomeﬁa. For example, JOhnny-égg;ggs went out with his ship
* from Rhode Island apd got a couple of our ships involved, tOJZfEQO of our
ships, I guesé;-za_study whether there was an equatorial undercurrent like
the Cromwell Current in the Pacific, in‘the Indian Ocean..uThé interesting
thing about the circulation of the Indian Ocean is that it reverses itself
.every year. Part of the time the currents go west, and part of the time the
currents gd east, because of the monsoons, . the wind driven current. And, |
uﬁgér those circumstances, Johnny's duestion was whether you would get an

- equatorial undercurrent. Warren Wooster and Henry Stammel and the English
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group concentrated on the Somali current, Which was a very fast, deep
current on the northeast side of Africa. It's like thé‘Gulf Stfeam except
even stronger and biggep,,becéuse‘it's in low latitudes, The Coriolis force
is §uite weak. Bob Fishér‘aﬁd Bruce Hazen and ‘quite a few other people
concentrated on the bottom, on the geology and éeophysics, particulafly on’
the bottom topography and bottom sediments and geophysical measurements of
the thickness of sediments and the depths.of the mole hole and things like
thét. We end up ten years later, or five, T gﬁess...early '60's was the
mostiintensé concentration of ships there. Australians were involved, and
Russians were very involved. We gradually built up quite a bit of cooperation
with the Russiaﬁs, particularly with the geophysicists, a man named Udintsev,.
We ended up at ﬁhe end of about five or six years with two results: one, that

we knew an awfully lot more about the Indian Ocean thgajwe did beforej and the

-other is that there were a lot of oceanographers interested in it. They've

been'going there ever since.
Is the approach fq oceanography quite similar in all these countries?
I know this is a difficult question to answer, but if you, for example, had
to compare Australian, Russian, and American ocganographers;{ao you use
about the same teéhniques, about the same tools, ask. about the same sorts
of questions?

N o
Well, the Russians and the Americans d?). Fot the Australians. The Russiaps
and the three major oceanographic institutions in this country--Woods Hole,
Lamont, and Scripps--are big, muitidisciplinary, multipurpose, multiobjective,
heavily financed institutions. TheyVSend their ships out on these complex
expéditioﬁs where they try"fo do all these -things at once. That's‘also the

technique the Russians use, and they're concerned basically with the world

oéﬁhn, not so much with any particular part of it. On the other hand, the

Australians have much less effort going into oceanography, much less emphasis
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on the continuing éperation of big ships and are'moreygoncerned with their
part of the ocean, the waters around Aqstralié;;zéry much more provincial.

The British and the Gefmansvand tﬁe Japanese have operated much like we

have, but they've had a special interest in some.parts of the ocean. For
example, the British have always had a great interest in the Antarctic and

the Japanese in areas where they catch fish or where they hope they might
catch fish. The éermans in the, in two areas——fi?hing_North Sea fisheries

and the tropical Atlantic. These are scientific»inferests. JELe French have...

Dy &

you can't characterize the French very well because thereﬁﬁ several groups

in France, one of them lead by Jacques Cousteau. You can't say that any
particular kind of oceanography is very typical in France?;because they

have different groups that have different ways of doing things and different
objectives. One group is led by Jacques Cousteau. He's primarily én engi~
neer rather than a scientist. He doesn't élaim to be a scientist. He's
interested in using underwater photography and‘underwafer vehicles and seeing
what you can do with them--developing the capabilities of the devices and
developing new devices, new.kinds of underwater gear, new kinds of seeing
underwatér. And, of course, they'také.beautiful photographs, and they use
theée underwater vehicles in very many interesfing ways. The bathyscaphe,

for example.}.it's é thing that they use, a submarine, or this diving turtle,
that they use in more shallow water. Then there's another group that wbrks
for the Organization de Reserche Scientifique et Technique autre Mér .
They're interested in either the present French overseas possessions or. former
Freﬁch overseas possessions, like Madagascar, present Freﬁch overseas pos-

sessions like New Caledonia and Tahiti. One of my good friends is a man

named Henri Roche who works for ‘ in New Caledonia. He has a

sh® which does physical and chemical and biological oceanography in the

southern tropical Pacificy, around the basiny with headquarters at New
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Caledonia. Another one, who was also at Scripps, Michael Engo, was stationed
for many years at Madagascafj'and he was concerned primarily with fisheries.
They do just standard oceanography, particularly biological oceanography,
but‘confinéié themselves to mostly the waters within 1,000 miles bf the place
where they're stationed. Then there's a thirdfgroup in the University of
Paris and in other universities in France who do either theoretical or quasi-
theoretical oceanography. Séme of them aré very good. . Particularly, they've
Been concernéd with hydrodynamics, or the motions of the ocean, and with
visible light, the propagation of light in the ocean. They do a lot Ogy.
more or lessﬁ/classical marine biology in the Mediterranean and the Bay of
Biscayne and places like that. There are at least three or four different
kinds of oceanography done in France. 'In,géneral, it hasn't been sﬁpported
very well, and they haven't doﬁe very much to bring new pepple into it. 1It's
a very small group in France. Tﬁat's in general true. In fact, oceanography,
as a small science, is generally true of most countries. The only countries
where it's a big science, in the sense that a lot of money is spent, are
the United States and the Soviet Union ahd, to a lessér extent, the United
Kingdom and Japan. Everywhere else they try to do thing%34more or lesgﬁgon
the cheap. . And, of course, most of the less develbped countries have very:
limited facilities aﬁd very limited personnel, and the result is that it's
hard to do much cooperative oceanography with the less developed countries,
Now, you prdposedz,one time;ithat‘a sort of‘international»foundation for

supporting science should be established to encourage science in underdeveloped

countries. Whatever happened to that idea?

_Wéll, it's going; it exists. That was not to do with oceanography, supporting

individual sciences.

Rifht.

The headquértérs are up near Stockholm. 1It's called the International
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Foundation for Science. They're spending aboutv$250,000 a year in supporting

young scientists in developing cogntries on practical...research that looks
like it has, it would)producez;practical benefitg.

This was propoéed in Venice, in 1965, if I remémber correctly. When was the
foundation orgaﬁized?

Well, it had its first general assembly last fall. But it's been going now
for several years. It's building upbthe last three or four yéars under the
leadership of the Swedish Académy of Engineering and participation by the
American Academy of ArtsAand Sciences and the National Academy of Sciences.
However,kthe Americans have never put any money into it except a little bit
from the koékefeller F6Undation. The money for supporting it, at the present
time; comes from the Swedish govefnment, tﬁe Canadian government, and Japan,7

and the Netherlands and Belgiu@%,and a little bit from other Scandinavian

countries and Germany. One of the things that I've got to do some time,

if T possibly can, is to try‘to find ways of getting American support for
it,‘too. They're‘supportingf/nogfzabout SQ young scientists in developing
countries,‘wbrking'on all sorts of various interesting projects that have
twolcharacteristiCS:b,they're good science, and they also have practical
objectives. For example, one of the specialties in Scandinavia is the study
or microrisa. Miqrorisa are fﬁngi that live on the roots of pine trees.

And, in fact, pine trees can't live without these symbiotic fungi that absorb
nutrients from the soil and transﬁit them to the roots. It's a rather recent
discovery that these things exist; the recent discovery is that they're
very'wiaespread. They've been known to exist for 75 years, I guess.
Apparently, all tropical plants require these microrisa, not just the pine'

tree§{£%hithey act as a transmission belt for nutrients so that the nutrients

~ , ‘
.are recycled in the biosphere and don't go through the soil. This is a

Scandinavian specialty, as you might imagine. They have lots of pine trees.
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They have found young scientists in Malaysia and in Nigeria and in South
America and other parts of Africa and other parts of Asia. . Each of them is
working’on microrisa--the physiology, the role that they play in the sym-
biotic relationship with the tree, and so forth. This has several good

things about it. One of them is that .these young people have formed a net-

work of their own--they're communicating with each other from one less

developed country to another. They didn't even know the others existed
before. The other thing is that the Scandinavian scientists ﬁonitor this

and go out and see them every now'aﬁd then and help out with ideaé and with
literature and with equipment and with encouragement,’giﬁing them the feeling
that they'ré doing something worth doing, that they're not living in complete

isolation. I think it's working out wonderfully-well.r The only problem is,

" it's on far too small a scale, but that's a far cry from oceanography. But,

in terms of oceanography, we have a very serious problem in the developingv
countries. Those of us Qho were involved with forming the Intergovernmentai
Oceanographic Commission are partly responsible for this, aithough I'm not
sure that I know what else we could have done.‘AThe Intergovernmental Oceano-
graphic Commission was formed under theksponsorship.of UNESCO about 1960,
starting in 1959. Most of the preliminafy work was done by a small committee
that IAwas chairman of, a small international committee.

That's the Internationai Advisory Committee on Marine Sciences?

NOs .
Oh,\that was earlier.

/
That was '57 to '63, okay}(

ov ' , _ .
Actually, the International Advisory Committee on Marine Sciences

I think
)

was much older than that, about 1951 or'52. That was the UNESCO advisory

committee. No, this was a special group of experts called together by UNESCO

oy ' :
in, T think, 1959. thQ Lyman was one of them, and Vladimir Court was another

from Russia. I was the American. We made a preliminary plan for the I0C.
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Now, the essence of our plan was that any country could join it who wanted
to do coopératiﬁe reseaFch at sea. Well, that wés a very narrow definition,
unfortunately, because'&t reélly said that thosg countries that could afford
to do oceanographic research at sea could join 'it. And that limited it
basically to...it didn’t really limit it. Tt ée facto is a club of rich
countries: Soviet Union, Germany, France,-U}fu, Japan,.United States, Cahadaw
Itély and Spain were members; the Scandinavian‘countriés were all members,
including Finland. They're not rich in the sense that theyvhaveAbig popula-
tions with big incomes or big gross national products, but they havg a little
fat on their bones. They have high per capita income, and they're able to
devote considerable effort to science, whereas poor countries like most of
the African countries, most of the South Amer;canbcountries, most of the
Asian countries, are in such desperate shape just keeping their people alive
that they'cah't really...that oceanography is a luxury for them. Yet they
feel that somehow as much of the ocean as possible should belong to them.
'H;%his has come out very clearly in these Law of the Sea Conferences. I don't
think it's unfair tb say that a great many of these less developed countries
would just as soon not see opeanogréphy done off their coasts,‘because
they feel thatg/somehow,, thﬂs gives the rich countries an advantage in
L .
exploiting what they call "Jheir resources." Since the Law of the Sea -
Conference’is‘run by‘politi%ians and diplomats, with very little concept of
what science is all about)nioceanographic;séiehce is, I'm afraid, taking
.a bad fall iﬁ that Law of tge Sea negotiations. The problem is basicaily
this: the less deyeloped c?untries, the group of 77, and some developed
countries like Canada and A*stralia want what we oceanographers have called
the consentbregime, which ﬁéans that the coastal state must give its cpnsént
. ! . ‘ _

for any ocesnographic reseafch”done within its economic zone, however the

economic zone may be define?. A convenient definition is 200 miles beyond the
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territorial sea, which itself would exﬁend 12 miles from shoré. About 40
per cent of the ocean will be in somegody's economic zone. ﬂost of the
interesting phenomena in the ocean occur within this 200 mile 1imit—4mosf of
the geology, most of the geoﬁhysics, most of the'currents,'mpstvof‘the
_organismé, most of the resoufces, the water resoufces. Sq, this consent
regime, which looks innocent enough, will, in fact, maybe destroy‘oceanography
because of the way it's been‘done in‘the past. We've had experieﬁce with
it in the application of the Continental Shelf Convention, an international
convention established in 1958 and now come into force, which provides that
the coastal state must give its consent for research on the seabed aﬁd the
subsoil éf the continenfal éhelf off its coast, as far out as its continental
shelf extends. You know,'you write a'letter to some of these countries
and they don't even reply. And, if they do féply, they not uncommonly deny
consent. So, the oceanographers have proposed what we call a regime of
rights and obligations. This has slowly evolved over the past 10, 12 years.
The right is that anybody can do oceanographic fesearch anywhere outside the
territorial sea, provided he lives up to the foilowing obligations: 4) prompt
notification of the coastal state that you want to do the research there,
2) coastal states will have the_right:of full participation in the research aﬁ
sea (in other words, send one or more people on board the ship. They will héve
complete access to évérything on the éhip. One of the reasons for this is to
avoid another»Phoenix incident, in otﬁer words, so as to insure that’thesevships
are not used for espionage), 3) the'right of the coéstal'state and obligation
‘on the part of the researching state is to share all data and samples, give
copiés of all the data to the coastal state and parts of all the»samples, 4) prompt
publication in the open séiéntific literature of the results, 5) the duty on
thegpart of the researching state to hélp the coastal state in inﬁerpreting
the results (The coastal states say, ''What good are all these data to

us? We don't have the scientists to understand what they mean."
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and tha;'s é legitimate complaint), v6) and finally--we have not been

very enthusiastic about this, buﬁAwe've agreed, I think--that the coastal
state also has fhe right to object to the research. " And if it does object
and if it has valid grounds for objection,‘the.researcﬁ will not be done.
The decision-as to.whether the grounds for objection are valid would be a
subject of arbitration, perhaps by a group of experts appointed by UNESCO,
by fhe I0C (Intergovernmental Oc¢eanographic Commission), or in some other
way. They've got to be negotiated. And it seems to us oéeanographers

that this set of rights and obligations protects all of the interests of

the coastal states.'ﬁéhere have been various alterations of this proposal.
The most plauéible, and yet the most-difficul;kto use operationally, would
be that research related to éhe resources‘would be subject to consent of the
coastal state; research related to fundaﬁental science would be done on

a freer‘bésis. The trouble is,how do'you define research related to resources,
or how do you define fundamental research? Oceanographers have tried to
define it by saying that it shall be>published in the open scientific liter-
ature; it will nét be proprietary in any way. Many of the coéstal states in
‘the less developed countries don't want tﬁat. They want to keep informa-
tion‘private abbut the waters off their coast. They iject, among other ‘
reasoné, because...weli, they have ail éorts of objectionéX(}ht the reason
which would have seemed logical to some of our people a few years ago is
that, if you.find out about waters withinIZGOFmiles of the coastline, you

get useful military information: how a submarine can hide or how effectively

a sonar gear will operatihe, things like that. I guess that it's not unlikely.

that this consent regime will be the one tﬁat's approved by the Law of the

' Sea Conference. If so, I think it would be better not to have any treaty

~ : v
at all because this will...well, as far as the ocean research is concerned,

it will be a very serious setback to it. fOne of the things that's been put
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in lately, in what's called a‘single negotiating text, is that the coastal
states shall have the right to disallow, prohibit, or prevent publication
of the results. Well, you just can't get sclentists to work unless they
can publish the results ofﬂwhat théy do. So, all in all, it will be very
damaging. And what:it'll do is, it'il tend to lurn oceanography towards
local problems and towards expérimental and theoretical science, rather
than descriptive'science or international ocean science--international in
the sense that the whole ocean is studied. We'd have done better if we'd
paid more attention to the less developed countries in the early days of
the I0C. The IOC has continually given sort of 1lip service to helping the
less developed countries, butvnobody's ever known quite what to do. It's.
hard to help them in ocean science because it's way.down their list of
priofities. And, as I say, most of the politicians in these countries feél
that science is a richvmaﬁ's weépop or a rich man's tool, therefore# some-
thing that ddesn't,serve their interest.

Have yoﬁ noticed much conflict between thé developed countries in terms of
defeﬁsé industfy and oceanograbhic science?

What do you mean by ﬁhat?

Well, do you think tha;ﬁ;poSSiblyj;the concepts of defense and proteétion
interfere with'international cooperatibn, let's say, betweeh‘the_Soviet
Union, ourselves, Australia, Japén,-for example? .

Well, it certainly interferes in some aspecfsbof‘international cooperation
with‘the Soviets. The Soviets have always taken a dim view of anybody getting
too close to their shores. And, for'éxample, in the Arctic, our view is to
pretty much stay out of the Soviet sector of the Arctic; and they pfetty mucﬁ
stay out of ours, though nowhere near as much as'we étay outjof theirs.

o
I don't think that, in general, it's a very serious matter for most of

the rich countries. It's a ‘serious matter with the poor countries--for
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example, with all the South Amefiqan cogntries.aﬁd with India, very serioué
with India. -You asked me earlier on what was the necessity or virtue or
benefits of international cooperation. The benefits come mostly in studying
the large scale oceanographic phenomena like tﬁe Kurosﬁio,‘&r‘the Gulf Stream,
or the Somali Current, or the equatorial current systems, or, in general,
problems that require the operation‘of several ships. at the same time ahd
in a coog%natéd way.  For example, some of the wprk thétfs being done‘under

.the Global Atﬁosphéric Research.Program-—the GATE Experiment in the Atlantic--

X4

the work thét's being eone on a network of buoys fairly close togethery it's
- /

hordreq .

a couple of 100 miles pouring into an area of a few hundred miles on the

v ﬁgde, which has a gpecial name (I can't quite remember the name right now).

But work like that, where oceanographers of several countries want to

- work togethen,(to'study a phenomenon that they can't really study with the

resources available to any one institution, certainly, it's a good reason

for international cooperation. It doesn't have to be worldwide cooperation;

it could be cooperation bilaterlla between the United States and the United
Kingdom, for example. 1T thinknone of the most successful examples of inﬁer-
national cooperation is the deep-sea drilling program which is now actually
béing supported financiélly by six countfies——the.Soviet Union, the United

Kingdon, Germany (I guess it's five countries), Smwimkx¥mimm United States,

and Japan. And the Soviets are putting a million-dollars a year into it.

2

So are the English. Thigvis probably the most productive work in geophysics
ever done. It's just.fantastically productive of new knowledge and new
results. iﬁis;j;s you prbbably know; it has an elaboraté advisory structure
under soﬁeone called JOIDES, the Joint Ocean's Institution Deep-Sea Explo-
rations, Expioratory Studies, of something like ﬁhat.( I've fOrgotten’what

-~ .

" DES stands for.) But Woods Hole, Lambnt, Scripps, University of Washington,

Texas A&M, Miami, I think Rhode Island, and all these foreign countries are
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in it. They planned these things»coopérativel& and, I think; with é great
deal of success. And scientists from all these different countries take
part in the expeditions and each leg of the program. There's a different
chief scientist from a different institution,.ﬁaybe French or German ér
British, Japanese or American or Russian. Then‘the participants are‘from
a variety of countries. This program is managed by the Scripps Institution,
and we have a special departmenf at Scripps that runs it, this deep-sea drilling
pfogram. And.it's a very expensive oberation. This 1s clearly a case where |
international cooperation is highly desirable in a funﬁy.sort of way--that is,
there's one faciiity, the ﬂng@g;:Qhﬁllgnggr,”’the only ship of its kind in
the world, and it's véry expensive to operate. And &et, to conserve the
interest of scientists from many different countries-—-just exacfly the
opposite of the other justification.I gave a few minutes ago, where you need
facilities from:many different.counﬁries to study one phenomenon--here you
have the possibﬁlity of studying many phenomeno%ilwhich scientists from many
different countfies are interestéd in. But,;no one country, except the
United States, feelSthat it can afford to operate the equipment singlehandedly,
and we welcome very:much the financial participation or the scientific
participation 6f people from other countfies. In both the justifications
I have given, the cooperation is basically in terms of facilities, facilities
belonging to different éountriégy,or fagilities belonging to one country
but used by many different countries.i%&he third reason forbinternational
cooperation iélto share results and ideas. This is accomplished by various
kinds of scientific unions or othef ofgéﬁizations for thaf purpose. In the
case of oceénography, as we said yestefday, oceanography is not réally a
science; it's a lot of different sciences doing research on an object of
v stﬁhy, namely, the oceag)bd;#mainly that part of the earth that is covered
in seawater-~that is, the air and_the solid earth and the water itself and

al

. ’ . )
the critters that live in the water. So, there is no internatioq\union,a
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.disciplinary union, that deals specifically witbﬂocean. Lots of-them—-the
physicist, the chemist, tﬁe biologist, the geologist, the géodesist, and
geophysicist——they're all interested in ocean science. . So, what you need
is an organization of sorts that is orthogbnal‘to the disciblinary unions,
an object of study union. Thatfs furnished by the Scientifichommittée on
Oceanic Research, SCOR, which consists of representatives of the different
unions. 1In each union, there are one orbmore associations particularly
concerned with the ocean~~fof in every union, but in three or four of them.
For example, in the InternatioQJpl Union of Ggodesy and Geophysics, there's
the Association of Phyéiéal Sciences of the Ocean; in the Union df Biological
Sciences, there's the Association for Marine Biology; in the Union of Geologi-
cal Sciences, theré's a section or a commission on submarine geology; and so
forth. All these associations coﬁe together under the leadership of SCQR.
They have a joiﬁt oceaﬁographic'congress, or International Oceanographic
Congress, every three or four years. The next one will be at‘Edinburgh this
fall. There was one in Tokyo two or threé years ago and,before that, one .
in Moscow. The first one'was<thé one’that you referred to, which was held
at the United Nations heaaquarters in_New’York, called the First Internatiénal
OCéanographic Congress. That was the one that was masterminded by Mary
Sears. I was the président of it. This was a great event; I thought'it
-
was a tremendous oqcasio§X(and lhey're all very good occasions, these
oceanographic congresses. They're the only.way‘in which you can bring together
peoplevfrom all.the various sciences that are connected with the oceéga
that are interested in the ocean, toitalk to each oﬁher about the ocean and
not about their science, not about tﬁeir particular discipline of science.
This also leads to another kiﬁd of cooperation, which is scientists working

» .
.- in each other's laboratories or on each other's ships. For example, on

our mid Pacific expedition, Henri Rochi, my friend who's now in New Caledonia,
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took part in that,and Yudensev, the Soviet geophysicist I've been telling
you about, and several of his associates have been out on our ships. kWe've
been out on the Russian ships, There is often an exchange in the laboratory,
too, when working.out the results. These are'v;ry valuable learning experi-
ences on both éides; they're mutually benefiéidl.‘ I think tﬁat...well, I |
would say séveral things about intermnational cooperétion. One is that it's
darn difficult. Therefore, you don't want to do it unless you have to,
It's more difficult on a worldwide basis than it is on a regional basis,
Cooperation between tﬁo countries is much easief than cooperétion between
| thrée, and the difficﬁlties.go up exponeﬁtially as the number of countries
increases, and the effectlveness goes down. Eﬁz The sunk (?) is, you have
to have many countries. &In my experience in oceanography, internmational
cooperation never works unless the Americans take the lead, There are several
reasons for this. One reason is that we have so ﬁany scientists. We have
‘about one-third of all of the scientists in all the world. The more important
reason is that we're used to cooperation; we're kind of a Leégﬁevof Nation;}(
#'¥;é United States all by itself is kind of a League of Nations in the sense |
tha; it's so big)and we have so many institutiqns that have to learn how
to cooperate with each other. And we have a tradition of what Detopia (?)
called voluntary assdéiations. Remember Detopia said that whenever two or
more Americans have’an objective, something ﬁhat they want to accomplish,
they.form a voluntary association for every:conceivable purpése; whereas in
France, you find the government taking the lead fo push different interests
of différent objectives; and in Englaﬁd, you'd find some.aristocratic leader
pushing an objective. 1In the United States you have volunfary association.
Thesebvoluntary associations are ways in which we Americans learn how to
géE things done together,So we have a great adVaﬁtage in internationalhééienti—

fic cooperation because we've had a lot of experience thinking of ways to
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cdoperate. Iﬁ any case, I think the record would show thaf it works Best
when the Americans. are very muchiinVolved. Now, one of the aspects of being
very much involved is that we don't ever get out in front. You almost never
find an American as a~president of an association, an international cooperative
enterpris%) but you very often find ‘him the séc}etary. This is a part of
the technique of doing the job., . For example, the first secretary of the UNESCO
Office of Oceanography was an American named. Warren Wooster, who ét that
time was at Scripps and later becéme the director of the Rosentiel Marine
Laboratories at the UniverSity'of Mggmi and has now just gone to the University
of Washington. He's probably the moét talented scientific bureaucrat I've
ever seen in my life. Remember I mentioned him yesterday and the great
expedition he did. He's just very good at admiﬁiétering big scientific
enterprises. Then, léterqghe‘was secretary and president of SCOR, and that's
what really made SCOR work, his very great effectiveness in running it.
Another aspect of scientific cooperation is that it just doesn't_work if
you let politics get involved with it, and this is what, unfortunately,
happeﬁed to the I0C, the Intergovernmental Oceanographic Commission. Tt
has realiy been taken over by the diplomats. Its effectiveness is very,
bvery low now. For the first ten years, the delegates were’scientists; and
the scientists had noNtrouble agreeing. Buty, once you get the politicians
into the act, everything slows down to a grinding halt. I wrote a paper,
“or I gave a paper, ébout a year ago, which I call "Ten Commandments for
Inte;natidnal Cooperation," and what I'm télling you now is some of these
commandments. There are several otheré, but they're all sort of second to
the ones I just stated, like, for example, you really want to prepare for
ig%'and no meeting really works unless you have it in the right place with

tﬁg'right people, a carefully prepared agenda, and careful attention to

everything from housing to food to entertainment to lack of distraction.
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For example, we had a very successful meeting organized by Warren Wooster
D off Vb on i »
on the 1?1and of Ponza,/\ e Italian coastf Hnd the reason it was successful
was: (a) it was a beautiful place, (b) they couldn't do anything else

but talk oceanography for a week because there was nothing else there.

.

Well, those are all sorts of experienced details, -details 'learned by exper-

ience. So, I'm pfogd of several things here, but basically I'm proud of the
fact that many American oceanographers now are enthusiastic about intefﬁational
scientific cooperation, whereas)to begin with, that was not the case.
Now, what issues did you advise thé Secretary of Interior on from '61 to
'63?

What issues?

Yes. Why would you be attached to the Secretary of Interior's Office in the

‘sense of a special advisor?

S .
Well, thatSa good question, but the answer is not very simple. I was a good

friend of Jerry Wiesler, who was President Kennedy's science advisor.

We'd gotten to know each other_through the Pugwash and also on various other
scientific meetings. So, when Kennedy came into office and Jerry became his
special assistantvfor science and technology, he felt that every department
should have what amounted to an assistant Secretary of Science and Technology.
There was one already in the Naﬁy, Jim Wakelin, one of theée guys on....
By‘the way, the name of that Coordinator for Research and Development was
Fuhrer.‘ He had been on Admifal Fuhrer's staff and later became assistant
Secretary of the Navy for Science and Technology. Jerry was able to get the
assistant secretaryship'established in the Department of Commerce. Herb
Hollowmen took that job. ‘And in the>Army and in the Air Force and in sﬁme
othef departments, it was impossible to establish another assistant
séﬁ%etary, but they instead put in this Office. of Science Advisor. That was
true of HEW, true of Interior, and true of State, the State DepartmenF}

and, T guess, it was also more or less true of Agriculture. Science
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Advisor was a political appointmént, but it didn't have to be confirmed by
the Senate. The ggcretary himself could make it. The title is Special
Assistant to the Secretary. Well, Steﬁart Udall didn't really wént a science
advisor very much; he didn't know quite what yoJ'd do with one, But he didn't
object. He thought it might be a good idea. Well, the Department of the
Interibr is a collection of'Baronies, or dukedoms; the heads of which are...
all of them are more powerful, more or less, than theggécretary,‘including
the Geological'Sufvey, the Buréau of Reclamation, the Bu;eau of Land Ménage*
ment. At the same time, the Bureau of Commercial Fisheries, which supports
fisheries and wildlifej the National Pérk Service;) The Buréau of Mines; and
various offices, particulafly the old-line agencies, like the Geological Survéy
and the Bureau of Reclamation, had developed constituencies .in Congress and
in the'stéteé.' So they had enormous continuing strength. I remember very
weil'Floyd Dbminey, the Commissioner of Reclamation, a slippery character
and really quite arrogantly powerful for a very good reason: he had hij
congressman eating out 6f his.hand. The under secretary was a man name;a..
- when I was there, I guess, it was Carr-(I'm thinking of the one right after
him, Carr), Carter. That;s it. He was an idealistic politician who took
a really dim view of the wheeling and dealing of the Bureau of Reclamation,

political plums, and pblitical‘punishment that they dealt out to congressmen

)
depending on whethér'they supported them or not. They severely criticized
Dominey one time. Dominey said, "IfAyou,don't like what‘I'm doing, why
doﬁ't you fire me?" Well, the upéhot was that a week later Carter was out
of a job'as undér secretary. Dominey'was just too powerful. ng}there was
really Véry little to do, for a séience advisor to do, in the Office of’the
Secretary of Interior.]fi)did some things. I had a very good assistant

naffed Howard Ekelsy. One ofithe things we did was to get a National Aéademy

A study of the National Park Service, which resulted in the firing of the director,
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which wasva major coup in Stewart's cap, or a feather in his cap; just for
this‘reason I've been outliningf—that these guys.ail had their constituencieﬁ)
including Conrad Worth, fhe'éirector of the National Park Services.‘ It was
clear from a Nationél Academy s;udy that the Péfk-Servige really was not

doing a very good job. We had another study ofksolar energ%B again I got a
National Acadehy.committge to look into the possibilities for solér eﬁergy.
Hubert Humphrey was pushing very hard_for us fo establish an Office of Solar
Energy, but the trouble was he backed away from getting any congressional
authorization or épprdpriation for it. He wanted us to do it on our own.

We had a study madey?which spelled out more or less the possibilities for
research and development of solar energy. At that time, they were rather dim,
aﬁd the reason was the price of oil and coal was so much lower thag it is

- now. No%ﬁ}the prospects of solar energy are very much better, but they
weren't very good when oil was $3 a barrel. They don't look very good now,
but they look an awful lot better. The othef option, which is nuclear energy;
worries a lot of people. Anothef thing T did wés to make a study of, or I
.was in charge o@, thevstudy of)poss1b111ties of combining nuclear electric
power generation with saltwater conversion,™ *In other words, using the low
temperature steam for é&aporatign%seawater and high temperature steam for .
making electriC'powér. I was a ﬁembérkof the Federal Council of Science and
Technology and chairman of their Committee on Water Resources Research.

And we actually managed to get anIOffice of Water Resources Research established,
in the Department of thé Interior, which, in turqqyéupports insﬁitutions for
water resources fesearch in every state in the country, part1y on a formula
basigf and partly on a granfmy, research-grant basis. You have one in Texas;
every state has one., This was a very difficult fhing to do because half

a dgéen departments wererinterested in wate{)and every department fights

like a wounded tiger for its cognizance and its perogatives. And the
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Agricultufe Deparfment and the Commerce Department and the Department of
Defense~-~1 guess that was all--none of them'thought it was a good i&ea to. give
this job to Interior. They would rather not have it done at all than have
Interior do it. But, it looked like it might haQe inEerfered with their
perogative. Fortunately, Orville Freeman and Stewart Udall were gobd friénds.
So the Agriculture Department finally agreed to it, and the law was passed.
That wagf/perhapqﬁkthe‘most important long rangé thing I did for the Depart-
ment of the Interior. I tried to do something about the Géologicai Survey,
pafticularly geﬁting them to support more research in colleges and univefsi—
ties, following along the lines of ONR and NSF, but never had any success.
They, in general, toék a very dim view of the Secretary's office, let alone
the science advisor. It was a guy named Tom Knowlin who ran the Survey.
Gedlogical Survey peoplé always appear at a government meeting and sigp
themselves not Department of Interior, but U.S. Geoiogical Survey. vThey
.regard themselves as kind of a separate branch of the government. And that's
truey - in genera%y of these pld‘line agencies.

” The principle job I did while I was ip that position...this.was nothing
to do with Interior of the United States at all. It was a problem of
waterlogging and salinity in the irrigaték{areas of West Pakistan. On the
partition oflIndia——of the two countries--most of the well-irrigated area
went to Pakistan.  This was in the Punjab, the western part of the Punijab,
the part. that wenﬁ to Pakistan)and in the Scin, a provénce of Pakistan just
south of funjab. For a hundred years’/the British had begn developing vast
'irrigétion»systems in»this area,using the waters from the five tributaries
of the Punjab: the Jhelum, the Chenab, the Rhabi, the’Sutlef, and the Bahas.
The word Punjab means five ri&ers—xPunjabﬁ(the same word aéAPentagoHVor
“Peﬁ%apalonf/ These are all the tributaries of the indus RiVertwhich is the great

/

river that rides the Himalayas and floWs.west, then into the Arabian Sea.
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Geologicaily,‘it's the whole Indoganjety Plain. ‘The plain from the Indus

all the way to the Bay of Bengal is one geological phenomenon formed by the
cruéhing of the Indian subconfinent as it moved north croés the Indian Ocean,
came up againsﬁ the continent of Asia, pushed ﬁp the Himala&as,and‘pusﬁed
down this huge trough. Anquduring a good parg’of the last few million years,
the waters of most of that plain flowed westward into the Arabian Sea; Now
most of the water flows east into the Ba& of Bengal--that's the Ganges River--
but about a third of thé water flows southwest into the AréBian Sea in the
Indué River and its tributaries. British ﬁad built what ére called Baragéé
across the tributaries of the Indus and across the Iﬁdus itself. The biggest
barage in the world, the biggest single irrigétion system in the worldgbis
the great Sucker Baréggg;ﬁhich diverts the Indus River into four or five
different huge canals in the‘Scin. There were lots of other barages. And
‘connected to each barage were huge irrigafion canals which carried water over
what we call doabs, that is, the areas beﬁween two of the tributaries. For
example, the Uppér Barry Doab Canal came off the Rhabi River and irrigated
the area between the Rhabi and the Sutlej. There was Upper Chenab Canal |
that did the same thing--came off the Chenab and irrigated what is called
Rechlum Doab’between the Chenag and tﬁe Réchlumlarea and so forth-- all
together about 25 million acres of irrigated land. That's more than the
total irrigated land in the United States. 1It's all one big'éystem. Andf?
after partition, the Indians felt very much‘%%riéved because-the waters of
these tributaries arrived in India, in Kashmir. And onegof the substantive
issues in the dispufe about Kashmir Qas the river waters. finally,.in about
1960, the dispute was settled by something called the Indus WaterskTreaty
which provided that the waters of the three eastern tributaries—-the B?has,
tﬁz Sutlej, and the Rhabi--would go to India, and the waters of the three

western rivers—-the Indus, the Jhelum, and the Chenab--would go to Pakistan.

This averted a war between the two countries, and the price for averting that
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wag was an enormous change in the irrigation so ihat the water from the
western rivers could be diverted to irrigate the part of Pakistan which had
previously been irrigated from the Thabi and the Sutlej, And this consisted
of'the building of great link-canals between the rivers; and siphons, and dams.
Two big dams were comtemplated: the Mungadahn Sém on the Jhelum:and the
Torbela Dam on the Indus. These are just about the largest dams in the world,
although they don't hold very much water. (They hold abdut‘ten million acrev
feet of water,, at most, whereas the GlenyvCan&on Dam holds about 100 million
acres of'water on the Colorado River.).ﬁX; part‘of this projéct, it was felt-
that something also had to be done to provide dfainage'for the irrigated
system because Something was happening,which élways happens'in an irrigation
system without drainage, and that is that salt was accumulating in the soil
‘and the water table had risen to:the point where the low lying areas were
what are called wagerlogged¥—that is, water isvaCtually standing in the
'surfacé. By far, the most sérious of these two things was the accumulation
of salt. The way we got invdlved with it was..?ggu may remember that in
1961, President Kennedy decreed that we would not provide any more arms to
Pakistan.,'President Thue came over here and made an impassionate speech to
Congress about this, and he was quite popular in Congress. He was a very
impressive man;lhevwas a big man; he was a petan. He lookéd like an English
general, talkg like an English general, and behaved like an‘English genéra%}
but a-very intélligént general, not a stupid ongy by any means--very appealing
guy. Kennedy felt that he had to do something_for Pakistan, and it had
previously been worked out by Wiééner.and by‘Abdul Salon, who is the science
advisor to Thue, (he's a Pakistani physicist, professor‘at the University of
London) that Ihue wouid suggest that we try to work on this problém of

» ,
waterlogging and salinity. It was a very distressing and well-publicized

2 ’
problem in Pakistan. Kennedy saiq)ihat's just the kind of problem my science
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advisor can solve." Jerry knew nothing whatever‘about waterlogging and
salinity)so he called on me tovgetvin§§1ved with it. I didn'f know anything
about watérlbgging and salinity either, but I was an oceanographegéaﬁd I was
supposed to know something about salt, saltwater. I organiéed a task force,
é panel, which was called the White House Inte?ior Panel on Wateriogging énd
Salinity in West Pakistan. I didn't know quite wﬁo to get on the panel, but
I got a lot of help from a lot of people,hincluding a group of guys at
Harvard. Hérvey Brooks, at tﬁat4time, was Wiesner's deputy and Qicé chairman
of the PSAC (the President's Science Ad;isory Committee). And he and I
- were old friends. And he said that there was a group at Harvard who had
been working on prébiéms,of water resources development, particularly an
ecoﬁomist named Bob Dorbhman and an engineer named Carol Thomas and their
students. kWe put them on the panel. One of the other panel members was
Ron Echols)whb was_ét that time Pfesident of the Richfield 0il Company,an
old friend of mine. Another one was Wadley, who was senior agronomist for
USDA. Another was a man from the AID who was a specialist of administration;
his name was Blanford, John ﬁlanford. And we had the head of theksaliﬁity
laboratory at Riverside, Charlie Bowe?)and one of his good men. We got
a bunch of idea men,’iﬁcluding a man named Leonard Cass, who was an entre-
preneur and inventqr in Cambridge; John Isaacs, who was in idea man heré étv
Scripps. .And.thisAgroup went out to Pékistan and looked at the Punjab’and
at the S%én, made a tripbacross country, driving'acrqss country. YI never
will fofget the day‘the Charlie Bower looked at a corn plant, looked at the
leaves of a corn plant, and said, "Tﬁe broblem with this corn is not that
it's got tob much salt in the soil, but there isn't any nitrogen in the soil.
This plant is lackiné in chlorophyll bécause it has insufficient nitrogen;"

>
That was the payoff to the whole problem. Waterlogging and salinity were

/)
in a sense a non-problem; the real problem was poxr agricultural practice.
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The irrigation system had been started in the middle of the 19th century
and long before irrigation or—agriculture or high yielding agriculture was

well understood. They were spfeading water too thin on too much land.  The

plants were starved with water, as well as being starved with nutrients.

The reason that they had done that was they wéfé trying to develop subsistence
agriculture, and subsistﬁéce agriculture depends on every‘farmer having as
much land as he can cultivate. So,bthey spread out éver a lot of land and
didn't give enough water to'any_of theﬁ; But, at the same ﬁime, the canals
leaked, and the whole canal system leaked, and about 40 per cent of the water
went down into the underground. So, this represented an enormous additional
water supply which could be pumped out and used for irrigation. And it was

by far the best way to store the water;'storing it underground does not
evapérate it very much. It evapqréted sohe when you got the water table

close to the surface, and that evaporation was what caused the salt to

accumulate at the surface. And the salt problem...it looked bad. The

- English, in their systematic way, had established villages in all these

doabs on a two mile gfidf—a village every twovﬁiies square, a village every
two miles. There were large areas where these villages had disappeared, or
half disapﬁeared, ﬁhére the ground had become covered with salt and the
farmers had to abandoh agriculture. The Pakistanis thought they were losing
about 50 thousand écres a year tb salt accumulation,-and.mayﬁe they were.
The techﬁical‘solution was to drill what are called tube wells, thch are

e AN

big wells .amd/powered by machinery, by_motors——either electric motors or

- diesel engines-- to pump out the water, and thereby lower the water table,

and then use tﬁe water that you'pum?éut for irrigation--use enough watér so
some of it ran back down into the ground. And in the process of doing tﬁat
ydﬁ’would wash the salt out of the soil back into the underground. This
is not a permanenf solution, but it.is.a solution that willvdo very well

for 20 or 30 years. On a permanent basis, you have to build horizontal drains,
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fhatvis, drains‘that will actually carry as much salt out of the region as
is comiﬁg into the regions from the rivers. That's not'very much, tﬁough.
The rivers are remarkably fresh, but they do have about 200 parts per million
of salt--=that's quite a bit of salt year after year. And you have just got
to get rid of that salt by carryingbit away, ev;n to the Arabian Sea or to
the Rogerstan Dééert. Thaf's not been done yet, but this vertical drainage
that we feéommended was well known. If you'do it in the way that we recom-
mended,you 'can actually lower the water table, eliminate waterlogging, wash
the salt down, and reclaim the land. But more importantly you've got a lot
more water--about 35 percent or 40 per cent more water. This was on a very
big scale. The total water supply, including the underground water, is
about 100 million acre feet. That's enough to irrigate 25 million acreé to
‘a depth of four feet, if it all gets on the irrigated field and doesn't
either evaporate or'éink into the ground. If it sinks‘into the groﬁnd,'you
can reclaim it—-pump it up and use it--and that's where this 100 millioq
acre feet figure comes from. The‘problem was that this vertical drainage

" had been tried on too small a scale. They had put in a few well; and water,
underground water, would flow in from the side as fasf as you pumped it out,
with the result that they were not able to lower the water table. We did a
lot of...Harold Thomas and also a éuy named Herb Scobiskey of the Geological
Survey made médels»of the underground flow, bqth digital computer and analogue
models. We showed thaf you had to put wells in an area as big as somewhere
between 100 thousand and a million acres or it wouldn't work. You had to
dréin a large area so you could pump it out faster than the water would flow
in from the sidg) and that depends on the ratio between area and perimeter.
You see, if you build a well field in an area of one square mile, you've
go?%four miles of perimeter im one mile of area. In that case, the watér

flows in from the side as fast as you pump it out. Let's say you have,instead
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of one square milé, you have 1600 square mileé., Then you have an area of
40 miles on the side, or 160vmiles perimeter fbr 1600 square miles of area,
in contrast to the other extreme where I said there were.étlniles of perimeter
for one square mile of area. Ifbyou use a scalg‘like that;;thenuthere's
no problem about puﬁping it out. And that's what wevwere abI;{to show with
our models:ﬂiiit far more importaﬁt than that was that this was really not
a problem of waterlogging and salinity, but a problem of improving agri-
cultural technology, médernizing'the.agriCulture. This meant using fertilizer;
it meant using high yielding varieties¢{which were just appeéring in Mexico
at that time; it meant using pésticides; it meant gixing instructions and
extension services t§ the farmezsﬁkmaking it worthwhile.for the fafmers to
increase their'yieldag by stabilizing prices and things like that. We
said,'and‘this is the most important thing we said, was tﬁat this was one
vof the great natural resources of the éarfh. And it could be a garden,
could be like the ImperiaIIValley, but instead of 500 thousand acres, like
the“Impefial Valiey, like 25 million acres--50 times the size of the-Impefiél
Valley. .This was a sort of a revolutionary iaea fo the bureaucrats who were
running Pakistan. One of my best friends becéme a...a man named Bulan Ishak
Khan, who was chairman of the Water and Power Development Authority of West
Pakistan. He_wasvavpémbér of tﬁe elite Civil Service of Pakistan, the CSP,
a remarkably able man. He had about as high an IQ as I've ever seen on anybody.
He céuld handle about a dozen of us. - We were on one side of the table; he was
on the other all by himself. It was novprdblem. He was-so darn popular
and so knowledgable and sd intelligent, able to grasp néw‘ideas. What we
propbsed was-—and this was a mistake, but it was a mistake that everybody
had made we went along With——that the government should do ﬁhis job in

mi¥lion acre tracts. That means a tract 1600 miles in area. There would be

25 of these tracts, and they should go one after another in succession, on
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the theory that that was about a11~We'cou1d do to really introduce modernized
agricﬁlture. Maybe they could do one a year, something like that, on a 25

year program. The only shock objective to this, and rightly,so,don the basis

that politically this was impossible: you had to give séme'benefit to everybody.
The problem was really solved, in spite of both‘of us, by the farmers of
Pakistan who, when they found outkabout these tube wells, drilled them all
by themselves; and they drilled something like 70,000 tube wells in three
years, while thé government was drilling ébout 2,000. Whétbnone of us had
realized was that these farmers were very responsive to change, if they
could really see the benefits of the‘change. I have a saying which I

often use that there's no change agent qqite aS~éffective as an Indian or
Pakistani farmer in hot pursuit of a ruby. It was just fantastic what
vthese people did. Within a few years, agricultural production in Pakistan
was incfeasing by abouf 6 per cent a year, about twice as fast as the popu-
lation. .The new seeds came in and the fertilizer came in and they developed
the water. All of this was really quite a spectacular change.vfi‘was back
in Pakistan last summer, and.agriculture is st%ééant in Pakistan again, |
you know; it's not growing. One of the things I'm very puzzled about is

why this is so. Pakistanis have their old complaint that we need ﬁore water
and we need more draiﬁage. I don't really think that's the problem. I think
the problem is the economic and social structure of fhe‘cduhtry

which essentially puts agficulture at the lowest possible priority. The
second problem is that most of the land that could_now be increasing its
production is in quite small farms, férms_of about five‘acres or iess. FIf
you look at the economics of it, smail farmers like tha£ don't really have
much incentive to incfease their production. They just can't make enough_
pfg%it. We need to find ways in which to deVélop a farming system for small

farmers. This is a social, economic, political, technical- complex of
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of problems which is not well understood by anybédy. That's the next big
step that-needs to be undertakeﬁ; I'm going td.try to go back to fakistan
this éummer andvlook into this much more thoroughly than I have been able to
up to now. At leasty- up until about 1968 or '69: agricﬁlture 1ooked like
a great success stbry»in Pakistan. It was beiﬁg modernized and the report
thét‘we wrote, welcalled it "Land and Water Development of the Indus Plain,"
becamé a kind of a bible called the Revelle Report. It was suberceded by a
very much more elaborate World Bank study which was published about'1969
or '70, but which esséntially came to ekactly the same conclusion that we
diq?/in terms of the possibilities for development, but laying much more

stress, as they éhould, on the f#rmers themselves—*helping the farmers help
themselves.§?0f course; in the process of writing this report--we didﬁ't

'gef it done until 1963, long after I had left the Interior and gone back to
the University of Califofnia——I got to be very good friends with people at
Harvard, pérticularly Dorfman Thomas and Bob Berden and one or two other
people there. They'd beeﬁ planning to organize a center for population study_
at Harvard, and Harold Thomas suggested my namé‘for the directorship of it.

I was really quite unhappy out here. T had two jobs here,and this was
imﬁbssiblea I was ﬁirector éf Scripps Institution and also University Dean
_bf Resgearch“at the séme time. University Dean of Research turned out to

be a non-job; nbbody, but nobody, went to the University Deén’of Research.
Professors just don't like to have anybody to tell them about what they
should do igzlg§g;rch business. At the same time, I was really neglectipg
the Scripps Institution. Herb York had resigned as chancellor, and it turned
out that they didn't want me to be chancellor. So, I decided I'd go back

to Harvard and become'ﬁead of tﬁe Center for.Population-Studies, which I
st¥rted actualiy in 1964, thch’I just tﬁis past summer retired from)

!
L '
Basically because of my interest in resource%><:1;;—Center had always
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contemplated more on matching resources to»éopulation rather than thinking
about how you reduce population. In other words, we've thought about that)
tooSa»loES buf we've thought in terms of economic and social development
rather than in terms of family planning ﬁrograﬁs.e This was @, not really a
way to win friends and influence people among ;he pppulation established.
They were all hooked on family plannin%§' Xﬁh, moreover, they're not really
much interested in development. But the kind of people who sepporta;opula¥
tion center are people like_Cornelius Scaphe May of the Melon family of
Pittsburg, who basieally believg5there are too many niggers in the world
and is much more concerned about damage to the environment than she is
about people. And theée are fanatice on the right wing of‘the population,
you know, that say eheIWOrld'is going td hell because of everpopulation.
‘It isn't going to hell because of overpopulation. It may be going to hell,

but for other reasons. Our feeling was)and is, that rapid population growth,

J
which is the real problem-¥more than overpopulation--is as much a symptom of
poverty as it is a cause of poVerty and that what really needs to be done

is to do something about pbverty. So, one of our big projects at the
Center‘is‘a Ford.Foundation—supported project for systematic analysis and
Agdeling ofvresources development in the Indian subcontinent, particularly

‘ agrﬁcultural water andkland development. And we'd been working‘particuiarly
oe the Ganges Plain the last few years. Before that we worked on Bangladesh.
We're going to expand it to inelude Swelanké and Nepal and Pakistan. Thet's
under the direction of one of Harold,Thomas; students who's now become a
professor named Peter Rogers. He was‘one of the young_men)thatfwurked“un‘
"OUu¥~., at that time graduate student#, who worked on our Indus Basin Program
with Harold. I'm going back this fall peimarily to work‘with Pefer

- .
with this work foundation project. What it consists of is that we bring

Indian engineers and economists and government officials to Cambridge in
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this period of six months to a year and have theﬁ do research on problems

of agriculturel land and water development.

Sobyou're going back to Harvard, then, to contieue this work in the fall.
Right, then come back here again.in the spring. After youf‘66th birthday,
you have to retire from administrative jobs at harvard. You can continue |
to teach on a‘halftime basis for four years, till you're 70 I'm 67 now.
So, ‘I'm teachlng there in the fall semester and here at UCSD in the spring.

When.you come back,to UCSD, what sort of courses do you offer?

Well, I might;... My new professorship is Professor of Science and Publlc

i

i

science in it. I taught an undergraduate course in the spring called Tech-
ﬁology and the Poor Coﬁntries;x%hich I talked about the kind of stuff we've
been talking about. And at Harvard I teach an undergraduate course called
Human Populations and Natural Resources. Then I have a groep of‘graduate
students who are getting their.doctoratevdegrees, and I take part in three
or‘four other courses in population; courses that are given under the
auspices of the Center for Population Studies. But the only course I'm
solely responsible fof is this big undergfaduate course.

I now have a series of questionS'and'comments I'd like for yoﬁ to make yp’
on various things thaf you've done, or things you'ﬁe said, in your career.
First, the Capricorn Ekpedition. Was the major purpose of the Capricorn
Expedition to measure heat loss? )
Heat flow, you meagx |

Heat’flow, rather.

No. Like most of these big expeditions, it had several purposes, but the

principal purpose was the geology and geophysics of the deep-sea floor of

thé&¥Pacific. And we studied that basicallx” in four or five different ways.

7
/
was the’ Russ Raitt's main concern{l fhat was the seismic refraction studies

which basically gave the depth of the sediments, the depth of what's called

CQOEK
Policy, which is a kind of a professorship that old profesors domt have much r\

)
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the second layer, and the depth to the Mohé'(Mohorovitch‘DisContinuity),
and some idea about the sound velocify, or a géod idea aboﬁt the sound velocify
of these different layers. The‘secopd was the deep-sea SGunding, and Bill
Menard and Bob_Fishér'were in charge 6f that:par; of the opefation. We were
particularly interested Here in the Tonga Trench, which is one of the.great
oceanic deéps'of the world--maybe even‘the deepest-—-although there are’four
deeps that are just about the same depth: the Mindanao Trench, the Mariana
Trench, the Tonga Trench, the Kuril Trench. We wanted to find out what its
shape wés, what it actually looked like; because Bob Fisher particularly
had developed a hypbthesis that new trenches wpula be V—shaﬁed in cross
section, Have practically no sediments iﬁ tﬁem; whereas o0ld trenches wduld
have a‘flat bottom; it would be U-shaped (not necessarily old-trencheé,,but
trenches that had very considerable sediment source nearby, would have
a flat bottom where the sediments would accumulate in). And, of course, it
turned out the Tonga Trench was V-shaped, flat V. The ofher part of the job
of studying the trench.was, what wefe the sedimenté like and. what sediments

there were practicallyiall volcaniﬁyehe%e? And this was, as you might
expect, because only the very youngest sediments were still there; the others
were being carried down into the crust of the earth. One of the intéresting
_discoveries‘was the gfeat sef;ount on the side of the trench, the volcano
that"d been carried down into the trenph. It was already several hundred
meters deep. One of the other interesting things wevdid was to look at a
place called Alexis Bank, which is north of the Fiji islandsbetween the-Fiji
isiands and ﬁhe Mariana islands, or ;he Marshall islands,-which was a sunken
atoll, an atoll that neﬁer recovered after the Pleistocene. The top of it

is about 100, 200 feetlbelow the surface, and we had»diveﬁiﬂ#bcuba diversﬁﬂ_)

th®t went down and looked at this. This was just a typical atoll, but one

which was never able to build up as fast as the water rose. And the result
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was that it was now a bottom atoll. So, anothgr thing that we were interested
in was the topography of what was calied——what is now called--the Easteq&
Island Rise, the mid-ocean ridge in the South Pacific which contains all the

+

way into the Gulf of California and California itself. Itfs really a part

‘of the Easten4 Island Rise, separated by what we now call the Pacific

Plat%ﬁkfrom the North American Plate. Another thing was, of course, the

measurement of the heét flow. We'd already measured that on the MIDPAC

. Expedition, the area between the Marshall islands and the Hawaiian islands.

We got a lot more measurements on the Capricorn than on other.... Ronald
Mason was on board, and his interest was in making magnetic surveys, essentiallyék

towing the magnetometer and then making the magnetic surveys around some

 of the South Pacific atolls. We were also very much interested in the sedi-

/A

ments, and we took }a lot of iong cores. 5Ané we had a new tool, a new toy,
if you will. We had a huge winch that was capable of getting to the bottom
of the Tonga Trench. This winch didn't‘work very weli, and it was like ab
fishing reelf—it'd overrun, ig'd get put of control, and thén the wire

would get snarled, badly snarled. This happened to us.befofe we went to
Fiji, and we spent quite a bit of time in -the Fiji'sbgetting the wire’
splicea and the winch refitted. It happened again to us in the Tonga Trench,
and we had about,S0,0bO feet of cable over the side. This was a tapered
cable, sﬁall at the outer end.and big at the inner end. Otherwise,. the cablé
wouldn't hola its own weight at those great:depths. . This was one of the |
worst days I ever spent in my life. The wire got badly kinkeQJand so what

we had to do was to cut it and remove the kinked portion ;nd then splice it
together again. And we had about--I aon'tvkndgl— six or seven tons of weight
hanging over the ship and the A-frame on the stern of the éhip, wﬁich was on

thﬁ"ﬁorizonﬁﬂ’ The’“@gfizon"was the one that had the big winchf—
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not the *ﬁorizon,ﬂ'l'm sorry, the “%pencer Béird.mw This was a tWO*Ship

Ot bttt

expedition, the"l}g‘g_g}zonfl and - the "Spencé.r Baird;f and it took 24 hours to

do this. All the time you were afraid that something was going to ship.

But, it didn't, and they put wire claﬁps on the outer end of the cablevand

v

" had enough room back of this clamp so that you could splice it, so that you

could make a long splice-—-a very painful, difficult process with a three-
quafter inch cable. Anyhow, we did it and brought it out. And we-used

the winch after that, but quite succéssfully; That was the last time that
the God damn thing fouled up. Thaf was an awful busines#. We gradually
learned in the oceanographic business to handle heavier and heavier weights,’
more and more massive equipment. AndAthatnﬁ,'of course; the ultimate result

of this, is this huge 4'Glomar Challenger;ﬁbwhich stores 100 times the

,height from the bottom. "So the sediments, the heat flow, the bottom topo-

graphy, the magnetic measurements.... Looking at shallow water features like

the bank, which is a volcano that‘gets cleaned off in a few

" years everygime it erupts, and it creates a p&le of volcanic debris several

/

100 feet high--it's an island--and then gets washed away by the waves.
And in between eruptions, it's about 50 feet déep, or at least 25 feet
deep'from the surface. I remember we were very touchy about going out and

approaqhing the . _1slands. We»ﬁere afraid we might drown. And

I remember Art Maxwell coming up to me and saying, 'We're aground!" And
what had happened was,_we'd.%%cked up and weé were catching the bubbles from

our own weight. But;bwe weren't aground, thank God!? We did a iot of work

.in the islands, like in the Fiji islands--bottom topography and shallow

water. We started out from Bikini,where both ships had been involved in
one of the big hydrogen-bomb tests, and then went from there to the Fiji
isfhnds, from the Fiji's to the Tonga islands, from the Tongas to Tahiti,

and from Tahiti to the Teramoty, from the Tiramotus to the Maranesas, and then
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homé_across the eastern Nofth Pacific. Altogethegf it lasted about four
months. I know we spent Christmas in the Tonga islands, And we'd have many
subsidiary projeéts. For examélé, one. of the most iAterestiﬁg things about
high islands in the Pacific, like somé‘of the Tonga islands; is that there's
a notch cut just in the tidal zone: these are iimestone islands, and you
get an erosién of the limestone in the intertidal zone. The profile of the
island would be a cliff like this, cut back like this, and then a reef oﬁt
here. What in fhe world c;ges thaffﬁobody really knows what causes it be-
cuase théQg@eéﬁﬂis”EuggﬁSégurﬁﬁéﬂ,.thébsurface'oceanvwater;is supersaturated
with calcium carbonate. But apparentl&iﬁhe intertidal zone, you have suffi-
~cient biological activity, so that the‘ph is lower part of the time by organic
production of COzand organic productibn of organic acids, which allows the
calcium carbonate to dissolve. Walter Munk was on the expedition and Bi}l |
Menard, Bill Ridel, Bob Fisher, Russ Raitt, Helen Raitt wefé on it. (She
joined us in Tonga and went the rest of the way with it.) Gustaf Arthenius...
I think Andre Croce was OWLoard,‘too; I'm sure he was. We had most of the
geologists and the geophysicists of Scripps Institution on this expedition.
And it was.... We didn't really learn as much from that expedition as'wé
did from MIDPAC,kwhich was the first one of our expeditions; but it was there
that Russ Réitt definitely sho&ed that the sediments were Very thin, and our
heat flow measurements showed that the‘heat flow was very high; Buf, wev
learned a lot about.the trench and that was perhaps the most impértant‘thing
we did. %fhen there was the fisheries work on the trenches off the American
coast--Acapulco Trench, the Peru-Chile Trench--and we 1earned a good deal
>about the South Pacific deep-sea sediﬁents. And gradually, over the yeérs,
we had»a series of expéditiogslike this){aI;: MIDPAC and the Capricorn were
thé‘only’two that I'léad, but we had a lot of others lead by these other

people I was describing yesterday. I. think we contributed very fundamentally
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to the idea§ of seafloor spfeading and pléte tectonics. I guess the most
significant thing that we did, as it turned out, was the work that Ronéld
Mason did right off the Californié coast. Using this towed magnetometer

that Victor Roche had invented during World War II, ﬁe wanted to make a
v°~ra»cqﬁg ’ ) . ‘
magnetic survey. The Coastal Geodetic Survey was at that time making a
topographic survey of the seafloosl up to 200 to 300 miles off the coast of
California, and Ron thought it would be a good idea to make a magneﬁic survey
at the same time as this topographic survey. And I thought‘it would,»too,
although I didn't quité know why. Buﬁ it was a new geophysical tool and was
bound to show .something. What we found wheﬁ We'workéd up tﬁe data was that
the remnant magnetism had a very,.-a remarkable pattern; it had a pattern bf
‘long stripeé,of high and low magnetic field, magnetic ridges that wouid bev
a 100 miles ldng or so, 150 miles long, and when separated by a magnetic
'valley, if you will, rigid valley structures in the field, a series of ;hese
things. And thése were cut by what Bill Menard called fracture zones. And
they didn't continue across the‘ffacture zones. Later, Victor Bockne and
Arthur Roth continued this work, and théé showed that, in fact, the whole =
pattern of ridges and troughs were dlsplaced on the two sides of a fracture
zone by distances of wup to several'ﬂaévkiigﬁ2€ers, which is obviously a lot.
That was really the real confirmation of the ideas of movement of plates of
the seafloor. It waé later that people in England got the idea that these
magnetic stripes were alternate dikes of volcanic rock coming up along’the
mid-ocean ridges and mo?ing across the ocean floor to the edges of the plates.
Thaf's the notion of<séafloor spreading which is one of ‘the basic concépts
of plate tectonics. Thé ocean floor was cohtinually being renewed along
the mid-ocean ridge and continually moving towards the edges of the ocean

ba§ﬁn.(}Bob Fisher and I wrote a paper which we called "The Trenches of the

Pacifi%;' about 1954, I guess, in which we'd analyzed the remarkable features
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of the trenches. And it seemed quite clear to us that there must be dowﬁ—
wafd movement under thé trenches. And thét's what we said, in fact, and
the.reason was that they had no sediment in them; they had ﬁegative gravity
- anomolies; they had very low héat flow. And this meant that yoﬁ had a

force acting ckwnwafd to pull the rock down, toicool it off, to pull the heat
down, whereas in the mid—ocean ridge there'was an upward moving arm of a
convection cell believed to flow so that you had a high heat flow over the
ridgeé. And that was what Maxwell had foﬁnd on a later expedition to the
eastern South Pécific. Over the Easter’Island,Rise there was high heat flow
.intermediate between the ridge and the trenég;gand very low heat flow over
trench or near the trench. Then we wrote a paper——Méxwéll,Borg, and I--on

the measurements of heat flow, in whiqh we said that we couldn't explain in .
any other_ﬁay but by hugé convection cells in the mantle rising along the
bridges and sinking,aiong the trenches, and that the rock was being carried
along the seafloor from the ridge to the trench. But we didn't have the wit ‘
to make the connection between this'process and this magnetic stripinéfy which,
in’fact,'océurs all over the ocean, all over the deep sea, whicﬁ is the.
clearest evidence there is of that movement of the bottom of the ocean fioqr
away from the ridges and toward the trenches, or toward the continental
boundary. This, of céurse, aléo explains why'there's_sb little sediment.
Previously, it had been thought that there were thousandé of feét of the deep—
sea sediment which had been accumulating since. the beginning of geologié time.
It turned out there were only about 100 meters of sediment aﬁd nud in much
of.the seafloor, and nobody could say that this had been accumulating siﬁée
the beginning of geologic time. There just wasn't anywhere near enough of it;
something must of been getting our sediments. Wﬁat was.getting them was_that
t§:§ were moving awéyvinfo the trenches and being carried down into the interior

of the earth. And nobody's ever found anything on the ocean floor older than
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about mid Cretaceous, about 150 million years old. Oﬁvour MIDPAC E%pedition,
we found én the tops of these deep 6,000 feet sea-mounts, shallow water
fossilsQ/Which were about 100 million years old,}late Cretaceous. That‘was
another.indication that thé ocean floor ﬁas very young. All these phenomena
had occurred in just the last, really, few minukes of geplogic time. I
thought for awhile that maybe the explanation for the deeﬁsea’mounts was that
the volume of the ocean had increased/a’lot in the last 100 million years.
Bﬁt_I think Bill Menard gave the true explanatioh, and that was that the éea—
mounts formed on ;he ridges—-the volcanfgsyon the ridgeés—and then moved down
the slope from the ridge to the deep-sea. And they just.gradually got deeper
and deeper as they went furthér from the ridge.

;

When you say "increase in the volume of the ocean," is that when you suggested

that the Pacific seabed dropped drastically a 100 million years agoj-sometimes

within the last 100 million years?

I don't think that. That's probably not the correct explanation and certainly
not’ the nécessary explanatipn. I thiﬁk it's more»lik&/that what happened
isﬁgthe volcano simply moved into deeper water. Their tops were at the surface,
cleaned off at the surface, and moved into water‘that was about 6,000 feet
deeper. ’And their tops ﬁeree(therefof%? now 6,000'feet deep. But they're
planed off, retaining the shallow water characte}%%&nd thé atolls were

, / A
formed the same way, the only difference being that the atolls moved slowly
enough so that the coral reef aﬁimals could‘keeb up with the sinking, whereas
thgéé‘deep—sea mount's, these geos, apparently moved too fast before the corals
could get started or could realiy maintain themselves. Wé had a remarkable
collection of people who were working on these different aspecté of‘the
geology and the geophysics: Russ Raitt and George Shor, Art Maxwell and Vic
Vdﬁ'Hertson, Art Roth, Ronald Mason, Victor Béckne, Gustof Arrhenius, Ed

Goldberg, Henri Roche, and later Amme Craig and Hans Sus. That's why I say
' Hermam (,.L)
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it ﬁas one of the great ages of exploration, because this was‘done. We really'
found that the ocean floqr is.quite different in manyvﬁaysvthan the conti-
nents are, ver&vfundamental ways different than the continents, which is quite
obvious now that we have this idea of seafloor 'spreading. And on the seafléor,
you have.half a dozen features that are unique.i One of themvis the sea=mounts -
~and the’atollé, and another 1s the trenches, another is the mid-ocean ridges.
So another is what are called abyssal plains, absolutely flat plains that
extend hdkreds of miles. These were first discovered by Maurice Ewing in the
Atlantic. - They exist also in the Pacific. These are due‘to huge masses

of sediment being carried down by density currents from the continental shope
and spreading in.something like a base surge at Bikini over very wide areas

‘and then settling down. Still anothér, which is Bill Menard's major discovery,
was the fracture zones, which we now know cut across the mid:zean ridges.

The mid—ocean ridges are displacéd aboqt'everybloo or 200 .miles by a fra;tufe”
zone which waskexplaihed by Hugo Wilson. These are transcurrent faults.

The problem is, what happens at the end of these things. At the end of

them, you have to have sinking or rising of métefial so they extend all the

way to the place where fhe sinking is occurring--the trenches,‘in other Qords.
Thefé are a whoie lot ofvthem here in the'Pacific. Then they were later |
discovered in the Atléntic; too. The difference in who made the’discoveriés
was basically what oéean you were wofking on.. In the Atlantic, the mid-ocean
ridge was a'much more clear-cut feature and‘had‘this crack down the middle

of it, avwhole series of cracks in placés where‘the lava was rising.  In

the Pacific, the Egster Island Rise was the same kind of a feature; buE}a

much gentler feature, it didn't exhibit these mid—ridge cracks. On the'éther
hand, the fracture zones were much more clearly present than seen in the Pacific,
aﬂ?’the trenches are almost, but not‘quite, entirely a Pacific Ocean phenomenon..

These were the basic building blocks of the theory of seafloor spreading
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‘and the theory of plate tectonics. I think the credit for actual putting

things togethér, the syﬁthésis, belongs to a group of peoplea;none of whom
are at Scripps: Bob Reeds, who was hére és a:graduate getting his Ph;D.
but 1éter working forANOAAE Harry Hess at Princeton; a couple of guys from
Cambridge, England; Matthewsy Drummond Matthewsj and T can't tﬁink of the

others. I don't know the number of them, but Matthews was one of them.

‘Neither Ewing, who did a tremendous amount of actual data gathering, no&

we really had the imagination to put it together as the seafloor spreaders
and plate.tectonics people aid. But, aboqt...I’guess I would say a large
part of the essential observations; the measu:ements, were made here. Eﬁing
also contributed basiéaily'two ;hings: one was his hypothesis that the‘
mid—oéean,ridge was a continuous phenomenon throuéhout all the oceans and
his idea that there was a crack down the middle of it which was being filied

with volcanic material; the other major observation made was the abyssal plaih;

Noblyou once suggested, too, or at least I read and assumed that you'd suggested,
¢ .

that the oceans are the ultimate reciproCal of the &aste of land.

Tﬁey're a big hole iﬁ the ground, obviously.

Okay. Does tﬁat also apply to radioactive wastes? Twice you've mentioned
that in the course ofvthe.intefview yesterday.

Did 1?

Yes. Twice you were explaining'fhat qﬁ bombs and wastes, as they were,

are Being involved in the coming off the'atdll...

That was pért of our.... Whaf we were interested in there was not disposal
of those things, but what happened to them.

And theqﬁ yeéterdg;? also you‘meﬁtioned the faét'that‘nuclear‘energy worries
‘now a lot of peoplé. Now, I assume by that, too, you were speaking of

~ .
disposal of wastes of nuclear energy.

RR: Well, I'm speaking of several things there. One of them would be the danger
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of accidents#-—nuclear reactions. Anothef is the disposal of the wastes,
which is sometimes called the "Faustian Bargain" beéause the wastes arevnot
really being prepared for a lohg,‘long time and'paybe thsyll Outlasf'our
civilization. So you;re putting an aﬁfﬁl burdén»on future generations.

The third is what's called the safeguard probleﬁ,‘the problem of plutonium
which is ﬁade in reactors and can be very easily used to makeégtomic weapén.
The one part of that that you're asking me now. is. , is it possible to
dispose of radioactive wastes in the ocean? Walter Mun;k‘is investigating

a study of this, and he thinks it is.possiblg%,essentially by burying them in
bottom sediments in such a way‘that the heat produced by the radioactivity
can get out, but the radioactivity can't get out. Whether that's possible

or not, I doﬁ't know. Tﬁat's always been a problem--these darn tﬁings—;

that the fission products are highly. radloactlve, and the absorption of the

You've «%96*“

to find a way to get rid of that heat and retain the radioactive material,

radioactive radiation produces heat,_and it produces a lot of it.

keeﬂﬁghe radioactivity away from'hurting anybody or anything. Those are sort
of incompatible objectives. ‘You_have to keep the radioagtivify enclosed in
sométhiﬁg that will ébsorb all the.radioactivity, like a big lead box.

: That4big lead box is alsd a very poor conductor of heat, 'so the thing tehdé
to get awfully‘hof; ﬁut, it may very well be that, in the long run, we'll
come to the ocean battom sedimeﬁts in an undisturbed area as a means of
disposing radioactiye wastes as an alternative to the present favorite qf the
atomic energy people, which is old salt mines. Of course, the other alter-
native is jﬁst not to have too many nuclear reactants. That, I must say,

I'm in favor of)not having the darn thing) but I now feel that solar energy
is a much more rational alternative as an ultimate source of energy.’ ’But

oﬁ:'of the great resources of the ocean not generally appreciated is the

fact that it is a great hole in the ground, a way to get rid of a lot of



RC:

110
garbage that human beings pfoduce. And much of the garbage that you can
dump in the ocean ié actualiy beﬁeficial. ForAexamplé, if you dump nutrients
like phosphate and nitrate into the ocean, that may actuaily encourage the
growth of organisms that we>like to eat like fisﬁ and marine invertebrafes.
It's not at all a one-way proposition; these guys say you can't pollute fhe
océan at all aré, I think, just fealiy not thinking very clearly. The ocean's
always been polluted by human activities; and,if we do it right,_we're ﬁot
going to hurt it. We may help it. On the other hand, theregégéome things
that we may be putting in that are harmful--some trace matéria1s, some
poisonous chemicals. For awhilg; it was‘tﬁoughtvthat DDT was one of these
things that,%&fmight accumulate at the surfac%?of the ocean because they?:e
soluble in Oi%)and that that would interfere with the photosyntheéis of |
planktons and théreby way be doing something fo tﬁe fish production. It
seems fhat DDT doesn't accumulate~£gzglg; the surface very much; it's not
clear whgt does héppen to it. But among the things like that that might be
harmful tovphytoplankton, or the plaﬂkton organisms, and to the fish, certainly
in shallow waters and in seﬁi—énclosed wafers, you can do all sorts of Hérmful

things--like the Minomoto disease in Japan, which was too much methylmercufy

- in shallow waters that got into the fish and people and had very serious

complications. And yéu alsb have problems with seﬁage sludgg which settles
to the bbttom énd‘seems to create an environment which very few creatures

caﬁ live in and change thé ecology from the ‘various kinds of wide variety of
organisms to'é small number of rather disgusting orgénisms like worms. |

Do you think there oughf to be soﬁe sort of a beginning on ways to contfol
the waste-dumping in the ocean? Wéuld ybu designate that a natioézi probiem?
Should it have national priorities?

Wéfl, we are doing it too much, I thinf)( I think it's always a good idea to

know what you're doing; it's a good idea to look at these outfalls, these
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waste outfalle)to see what happens to the materlal.‘nhether it's beneficial .

or harmful. But I'm not at all in agreement with Cousteau who says we're

killing the ocean. I don't really think we are killing it. - You ought to

talk to John Iaaace'about that. |

Nor“ I have another quote I'd like for you t0'conment'on. You suggested one

time, in some things that you had written, that scientists should be involved

in politics. Do you still believe that scientists ehould.be more.or lesa

active politically?

Well, when I said involved with nolitiCS, I don't think I meant that they

should be politicians. |

Oh, no, I assumed you‘meanf to influence, as a matter of fact, pdlitical

decisions. |

I think that politicians and scientista have got to learn how to work together.
: '

I wrote my presidential address at AAAS. It was called "The Politiﬁén and

the Scientist." Did you see that?

Yes. |

Including nothing I can say that I d1dn t say there, I meant every wofd

of tha?&/gnd I ba31cally mean that our world is changing so rapldlyfbecuase

of changing technolpgy and increasing knowledge, its very complex effects,

in terms of nopulation growth, resonrce depletion, changes of ways of life,

and the soeial changes that result from those changes in the ways of life,

50 1ike urbanization. Politicians need to have as gdod an understanding as

possible,'as they can, of what their options are and what the probabilitles

are. The difficulty here is that politicians and scientiats are diffepent

kinds of people, and they're quite differentlin many important respects,

But the fundamental difference is that the politician always has to act; he

%

- has" to make a decision regardless of whether it's based on knowledge or just

based on an intuition, or hunch, or a gamble. He's gotto. do something--not
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doing anything is really the same as doing-somethingﬂ in many cases. The
result of this necessity to act and the lack of sufficient infofmation to
act on is that politicians always make short-range decisions, and they try
to leave the future options open as much as they can--the énly thing .they
can do. That's reinforcement of the democratic‘society by the fact that
the poor bastards have to run for election every two years so that some
peopie say that-infiﬁity to a politician is the election after the next one.
But it's true of all politicians, even if they'ré dictators or have some
kind of a legitﬁacy-not based on election, just because of the nature of
the probléms that they face. Whereas the scientist never wénts to act, he
always wants to find out moré before acting, and he alwaysbfeels that he
 doesn't know enough to be able to make a positive statement. Well, the way
to get around this, I think, isrthat pdliticiéns and scientists both have
to learn to think mofe in statistical terms, in térms’of probabilities: and
- ranges of probabilitiesr Take a simplé case: what's the pbpulation of the
United States going to be in the yeaf 2000? Well, the probability is,
let's say, 507% that it'll be 230 million people plus your minus 5 million;
.the probability is maybé 20% that it will be somewhefe between 240 and 220
“million pgoﬁle; the'probability is maybe 107 that it will be somewhere in
between 245 and 210 million people, and so forth. And one has to prepare
for this range of probabilities as best one can, not saying that_we're going
to‘plan for 230 million‘pebple ﬁlus or minus 0, but that is the most likely
fhing to do. So we put most of our effort into preparing for that, less
-efforf (but some effort) in prepariqg‘for, more or less in accordance with
our range of probabilities. And demographers have to learn to make their
 forecasts, or their projections, in terms of prbbabilities; but meteorolqgists
ha¥e already leaned this. The meteorologists say that the chances are 20%

that it's going to rain tomorrow, or they're 80%. Well, they never say 100%
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chance‘it's going t%\Fomorrow, or 0% chance & that it's going to rain
tomorros. = But everybody concerned about the wéather learns to act on these
probabilities, and you try to take mmkxinsurance out against the -unlikely

event occurring—-sbme kind of insurance, either monetary insurance, alternate
pians, or something. Going on é picnic, you ushally have to have an alternate
plan because-youire dealing‘with_probabilitieé, unless you're Jak Birknis,
who's dead now, unfortunately.}rﬁut the other thing that politicians and
scientists need to learn to work together is to understand how these'two__
different groups of people think. Politicians like to use an adversary
procedure because they're mostly lawyers; scientists tﬁhke a very dim view

of adversary procedures. They‘much prefer comﬁittee discussion in which

they pound out a kind of a consénsus or compromising position. But you don'f
simply present the arguments of both sides and leavé it to the politician

to decide between these two sides. And both modes of operation have their
place and their value, but they're different methods.- Albert Wienberg has
talked about this a g&od deél in what he callé "scientific problems and trans-
scientific problems." Trans-science problems invoived'values.that are‘not
scientific:‘ what you iike or what yéu'dislike, whét you.want or what

' you‘donﬂt want, what you think‘is moral and what you think is immoral?“#gne
of these are scientific questions. You can't really argue about a scientific
question; you can argue about values. . And the reason you can argue about
vqlues is that values ére éiways in conflict, and you therefore have to
analyze, or to try to'give relative weights to)different values. You do this
by arguing. Science.really is not an arguable subject. It's alsubject whichv
you either know or you dpnft know. Most>of the time you don't know, but you
do know something. The whole business of technology assessment is a‘good |
giﬁhple of the area in which scientists énd technologists and politicians need

to interact. Another of them deals with policy per science. The politicians
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need to be convinced that science operates in a somewhat different way than

they're used to. You can't gvout and say, "I'm going to make a discovery;-

1

I'm going to discover how to cure cancer." and maybe the best way to cure

. cancer is not to work on cancer at all but to work on the basic biology of

metabolism and cell reproduction. And this is hard for the politician to
get through his head. He always is liable to say, '"What have you done for

me lately?" Well, you can't say what you've done for him lately. You've

b‘changed the world over a course of a hundred years, but you don't know quite

what is going to happen next. This is the essence of séientific approach, -

very unsatisfactory to the politician, and vice versa. And these are all

barriers and difficulties, constraints, in the way of scientists and politicians

working together. Tt doesn't mean there's any less need for them to work
together. I'm just repeating what I ééid in the presidential address.

But you.still~essentially agree with that, don't you? You've not changed
your mind at all? Blay~

It was only a couple of yearsfégo.

People's minds change quickly, believe me. Iﬁ 1958, you éaid that oceanography
was far behind land sciences. Would. you still agree with that? Do you 
think in the last 18 yéafs that'that has chaﬁged?

Well, Athelstan Spilﬁaus uéed»té put it.pretty well. He said, "We're beginning
to know moré'about the moon's backside than ﬁe are about the ocean's bottom."
I don't know. The ocean'sﬁueﬁy much more difficult place to find out about
than the land is. Onf the other hand, I guess, if I ask.myself about the
problems of land science and ocean sdienée that are more or less rela;ed to
each other, namely the ecoloéical problems, and problems of climatei and
weathef, the problems 6f geological processes on land and in the sea,
ééglogical and geophysical problems, and consider the relative importance of

the two....For example, food production is almost entirely a land science,
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only to a minor extent an ocean science. I guess with my broader perspectiVe

about agriculture and about food production and about the énvironmeniaf;hich is,

égain, for ﬁost people a land énvironmeng;gi would say that on the problems
that are impdrtant to people, practical problems that,affecﬁ people's lives
in fundamental ways, the land sciences are'pretLy backward, too. We have no
idea how to predict climate; wé can't predict weather more than aboﬁt four
or five days in advance; we don't really understand how eco-systems work on
land any more than we do in the ocean; we don't know what we're doing tblthe
environment on the land in many fundamental énd important ways. So, I guéSS'
it's comparatively odious in that case. 1In both areas our igqorance is too
largé, too great;

Well, tﬁe next two questions I hav%ggonsider both of thése areas I have listed
onymy questions to ask you. Both hazard, as a matter of fact, a scientific
guess. What dé you suppose the development of the oceans in the immediate
future--let's say, define the immediate future in the next 50 years—-will.
be?. Wili we concentrate mére on mineral resources, fobd resources, oOr wili
we.continue in this areé of exploratiqﬁ of the oceans?

I don't think that we will céﬁtiﬁue with the exploratibns for a variety of
reasons. One reaéon is the Law of the Sea'Conference is going to make it
difficult. The other reason is that we've done most of tﬁe things, not
everything, but most of the things we can with the tools we've had and we -
uﬁdersténd what we've ﬁad.b What we ﬁeed now is to‘get more understanding of
ocean pfocesses; For exampie, what is th¢ size of the circulation cells

in the oceén? It looks as if they're.relatively small compared te}theg,
let's say, the Hadley cells in the atmosphere.. You§ﬁu1deal with most motions

hond red

of the ocean on a scale of a couple of X8 miles. These big eddies in the

» ' : ,
Gulfstream Kuroshio are not the size of a planetary eddy in the ‘atmosphere.

They have a different scale, and we don't really understand that scale very well.
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We’nged to be able)€a=#a; as Walter Munk is thinging‘of doing, to make
intégrated measurements, measurements which tell you‘?hat the average
conditions are for over, let's say, a 50 mile square, 50 miles on the side.
One way to do that is‘to use acoustics, underwater acoustics, statistics of
underwater acouétics.v Always in the past we've.made stop measurements in the
oéean, either vertical series or a series of horizontal points—-w& usually
a lot of vertical series; But thzdistances between those vertical series
are so large and tﬁe intervals in time so gréat, that the results are very
unsatisfactory. We need to be able to meésure the state of the ocean all
over, or over a 1arge ?égce of it, within a very short time. You*één't do
this’kind by this standard oceanographic technique of measuring iW ig
oceanographic stations, nor can you do it from the satellite. The satellite
can't see below the surface buﬁ'for a few meters. We may be able to do if
with a great many buoys, but that's certainly a hard way to do it. Possibly
the best way to do it would be with’integrating measurements: you have two
budys which measure the soundvvelocity and the sound scattering and the sound
absofption and the refraction o%;rays on a continuingvbasis, which give you
an average condition on a line between tﬁe two buoys in the area between the
two buoys, or between two ships--something like that. In other woxds, we
need to be able to get more meaniﬁgfulvmeasurements with fewer observing
points. And until we are able to do that, ﬁntil we are able to develop é
new set of tools, new'set of instruments for exploration, I think we might

very well be coming to running out our string on ekploration with the,presént

/' .

vy

tools.lfﬂﬁd, of course, the third reason is that the peoplevare'much‘more
concerned now about the resources of the ocean than they used_to be, ‘It

looks 1ike we're éoming close to the limit of how many fish we can catch.
We~;eéd.to understand the ecology of‘the fishes, and T mean the ecblogy,.

not the life history or the migrations of single species, but how fishes
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live in their environments with other organisms much better than we'do.’
We need to understand the location and the means of recovery, the potential
reservoirs of o0il in the near-shore zone, within 200 miles.of shore. We
probably need to knowvmore about the distribution and conteat of the manganese
k nqdules in the Aeepvsea. ﬁe need to knéw more about coastal engineering
and about the pfoblems of ports, harbors, and navigation, as ocean traffic
builds up. Overseas trade is now at a level that noﬁody éouid even imagine
20 years ago. And the big bulk carriers reﬁresent various kinds of hazards;
théy're so hard to manuever. They need, pérhaps, a new syﬁf§; for handling
those things——perhaﬁs something like we handle airplanes: rigorously control
the bosition at all times. I would(guess that--I'm not necessarily saying
I'm in favor of this, but‘I would think its likely that——écean engineering and
applied oceaﬁ science are going to be more prominent and fundamental scientific
research less prominent over the next 50 yeags. I say this myself with some
unhappiness because I think it's an awful lot of fun to find out things and not
to use wﬁat yod find out? ‘One of the things thét>we may'be doing in the‘future
is bﬁilding large.floating installations in the oben oceans——maYbe cities in
the sea, maybe nuclear reactors in the sea (that seems very 1ikely), maybe
big pleasure domes offshore. This may be particulafly true in some’créwded
pafts of the world, like Java, for example. Maybe you'll just have to extend

the land area of Java by putting a lot of it on the oceans. Théi could even
. . . J

-’
.

happen wifh some of the other megalopolises that are near the seé coast,ylike
the Boston or the Portsmoﬁth to Richmond Megalopolis off the east coast.

I think it's,much'more likely to happén off Java than it ié off the east

coast because our population looks like it's stabilizing. Eut,;there may

be other reasons for putting installations offshore. That's a host of
e;zineering problems involved with doing all of that. Guys like Bill‘Niergnberg

are interested in getting energy out of the oceans, ?For example, possibly
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tqking adﬁantage of the temperature reading between the surface of the Aeep
water, maybe even getting wave energy which is a qum of wind energy, but
" more concengrated than.wind'energy. You can Conpéntrate the énergy fromaﬂarge
into a small area because oflthe fact. that waves lose very little ehergy

as they propagate across the ocean. So that ma; be a useful thing_to look
at. Ma&be you can use marine organisms like kelp.and‘other seq‘yeeds as é
source of eﬁergy, turﬁing it into alcohol or methane or something like that.

XiyAt the present time, the ocean is primarily a source of food protein--in .

terms‘of food; I'm not talking about total resources of the ocean; in terms
quth food for human beings, fish.that people'iike to eat and invertebrates
that ﬁeople like to eat and foodvfor animals, fish mealf,to feed chickens

and the livestock--and the total protein supply we get this way,'in terms

of human food, is of the order of 12 million tons a year, 12 to.15 million
tons a year of proteiqg: For the world as a whole, in the protein require—»
ment, the ocean provides about 177 of the source of the yorld's prdtein,
human protein. 1It's actuélly less than fhe world's protein consumption; but
the Americans,AEurppeaﬁs, and Japanese eat a lot more protein. Bﬁt this is
what people require; Weil, it's not really a major factor, human protein
supply, and it's probably true that we can'ﬁ get more than a 100 million

tons of fish out of the ocean with our present fishing techniques. We've
exploitédAall our resources intelligeptly and Vefy effectively. Moreover,
this would be quite an expensive way to get‘protein. Deep—sea fishing is

an energy—intensive.business——it‘s a lot of energy. So, I think Ehat, in
géneral, the‘noﬁion'thatvthe ocean isia great big reservoir of proteinb; with
present fishing techniqpes, is just not so (or great reservoir of food
supply). Of course, the tétai fequirement right'ndw is something like a |
biTiibn 500 million tons of food mostly for calories. Buty by the develop-

ment of ocean farming, we might be able to increase this production of things
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that people like and neegﬁ maybe several fold over. And the integfting
v A , ;
thing about ocean fafming is that you do it in a different way than you do
it on land. The best example is the mussél farming that the Spaniards do.
They get a 100 tons to the acre of mussels and maybe 20 tons to the acre of

protein, which is just fantastically high. The reasdn that they're able to

| - :
do this is that they put theilr mussels on ropes, or pglings, but mostly ropes,

— ——

I think, in an area where}the‘currentfconsténtly'sweeps by them so that the

ocean is fertilizing itself there. You're taking advantége of the organic-

productioqfron a 1argeﬁpart of the‘oceaqg,sweeping by these musséls, and the

musSels;;éll they do is just filter it oﬁt of the water as it goes by.

That way you've got these higijields. And that's the way to do marine

farming--not %{ take a piece of ocean and fertilize it (you might as well

do ofdinary agriculturé for that) but to take advantage of the motions of the

ocean, to make the ocean fertilize itsel€>and-to bring nutrients to a émall

area from which you then get a large crop. And I think that the energyb

requirements.here are rather low. The energy requirements-are primarily

catching and handling, not so much energy for fertilizer or energy for

plowing of energy for pumping water.v The ocean will do all that for you.

You have to catch the mussels; you héVe to hé?Sthem there; you have to pull

them mffx up and faké_them_out of their shells and go something with them.

I would think particularly mariculture of’organiSms like mussels, oystér?

clams.... The mussels, which are filtér—fééders...they're Just éssentially

little plankton nets to convert the.... Plankton is somephing that we like

to eat, seafood. Plankton is impossib}é to-eat'fér a variety of reasons.

One thing , it has a lof of éiiiconézzgnd I ﬁouldn't be sﬁrprised,if we learn
: i

how to do this on a large scale. We cduld double the protein productidn of

thg;ocean, which would be a sigﬁificant step .in the right direction. Still gy

it wouldniﬁ];;;bably be on the 20% or 257% of the total human world protein
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popﬁlation, protein requirements. I don't see how the world population can
possibly be stabilized with 10 or 12 millionlﬁeople. Well, so much for
mariculture. ‘

I had another question I was going to ask you before we got on the mari-
culture. It had to do with modifying the climé%e on the earth. You had
mentioned twice ecology, and do you think we can safely experiment, as a
matter of fact, with modifying the climate on the earth?

Well, we're doing it; In fact, I'ﬁ almost certain we're modifying the
climate by adding carbon dioxide to the atmosphere. And,,we're adding a lot.
We're adding now about a half of one per cent.cffuevery year. We're adding

a half of one percent of carbon dioxide to the‘atmosphere,‘or pretty close

to that. So, this is something that we don't want to do; we're just doing it
by burning lots of fuels. And the real question is, what's going to happen?
It's a great geophysical experiment in one way§ it's also maybe a great
concern of human beings. Now the ocean enters into this in a profound way.
The carbon dioxide production is about one per cent of the atmosphericb
carbon dioxide evefy year, going up to three or four per cent maybe in a 100
years, if we keep on burning coal. Butf about half of.this, at the present
time, goes.info thevocean, we thiqk.‘ An unknown portion goes intq the biospherég
mayBe not any goes into the biosphere, but maybe a significant amount (the
land biosphere, I mean). The reason that we're able to absorb half of it‘

in the ocean is that the ocean has sdmethiné_called a buffer mechanism of
seawater; that is, there are carbon ioné in the ocean which have two negative
cﬁarges that can ba turned into bicafbonate‘if you add COE%;%iocarbonaté_

has only one negative charge. As long as the carbonate ion is present, the
ocean can absqrb 002 by transforming the carbop into bicarbonate. However,
ig¥looks as if, as.time gées on, we're going toAuse up-thg carbonate ion

in the ocean, anqj%therefor%),the ocean won't be able to absorb very much
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of C02. Most of it will stay in the atmoéphere¥$o that will make the situation

worse than it is now> -§;r7 if we do thie, we're_going to heat up the surface
" waters of the ocean because the atmosphere will get warmerk(and—qhey won't

Be able»to hold so much carbonic acid gas so mere carbon diexide will get

into the air from the ocean)becauee the ocean will be losing it. Moreover,
‘as the atmoephere heats up and as the ocean surface layer heats up, there will
be more evaporation and more cloud formings. This may be a counterveiling
effect. No one really knows what the effect will be, whether it wiil increase
the albedo of»the earth as a reflectivity--we get less incoming radiation--—

or whether it will; in fact, increase the temperature ‘imorder—toget beeause.
clouds radiate infrared at‘a lower temperature than the greund surface does.
And maybe that will raise the temperature in order to get enough radiation

to make a heat balance. It's quite uncertain whet's going to happen. All

the climatic models are fatally weak because they're unable to model the
ocean,and they're unable to modify the cloud formations of the ocean. We have
to learn how to do this, and this will be, Ibthink, a combination of observa-
tion and theory. It can't be done by either one alone. You observe cloud
formation over the oeean, yoe observe the albedo of the clouds and their
infrared radiation, and see what happens under the different variations we
now get;Lnd from thls)develop a better theory of cloud formation and a better

i

theory of the interaction between the sea and the air. One thing that's

T

characteristic of fhe ocean is that it carries about helf of the heat ffom
low latitudes ﬁo high altitudes; the other half is carried in the air.
Nobody knows whether it's 40% orx 502 or 60%. That makes a lot of difference
in models, in atmospheric models. Present climatological models assume one
gé two things about the ocean:‘ either that the oceen is a swamp from which

—

‘'water can evaporate but no heat can be absorbed;%it's such a thin layer of

~—r—

watery or it has an infinite heat capacity--neither of which is true. The
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truth is somewhere in between. And the models just can't take account of
"that fact. I don't think you'ré going to be able to get very much further
unless you get a lot more studies of the interaction between the sea and the
air. Qkather than talk about élimate modifi¢ati6n,'1'd like: to talk about
‘ climate and what's going to happen to it. And ‘the only thing that we can
say with any certainty now about climate is that the climate fluctuates——
sometimes it's one way and sometimes it's another. And we know that it
always has flucﬁuated. The longer the period of observation, thebgreater
the fluctuation. That's characteristic of what are called stochastic
processes. And it's very likely that the climate's going to get worse. It's
no more likely that the climate will get better, but it's equally likely
itill get worse. It's‘going to vary somehoq}(gnd we have to Be prudent and
to act as if it were‘going to get worse, even though it may not. That means
we have to do a lot of things about agriculture. But in order to know what
to do about agriculture, we have to know what's going to happen. If climate
does get worse, what does that mean? ‘Does it mean that the force latitude
shifts north or south, will we get more or less precipitation, does it mean
tﬁat the pattern of precipitation changes, does it mean that the temperature
pattefns change, and, if so, in wha}:way are they going to‘change? Climatology,
at the present time, is a very primitive science, and half of climatology
is oceanography. So the Global Atmospheric Research Program, which involves
ocganography as well as meteorology, is just a very important thing to be
doing, from a purely practical point of view, lét'aloﬁe from a theoretical and
scientifically interesting point of view. But, you know, the notion that you
dam up the Bering Seqz/orkrun the Amur river into fhe Arctiqubr some;hing
like that...these are all’trivial problems. compared to the réal problem of
wh¥t's going to happen to the climate while we're not doing a God damn thing

except putting CO, into it on a very large scale. Do we have to abandon

2
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carbon dioxide in production?' Do we have to abandon the use of fossil fuels
because we're going to change.the climate so drastically by continuing to
use them, or can we continue to use them and prepare for what changes will
occur?

That leads directly, in effect, to another question I have. The one thing
that strikes.me as consistent in your career, if I may use that word, or
consistently appeariin your career, is the scientist as public man. Do you
have any particular philosophical views about what the scientist's responsi-
bility is to the public?‘

Well, in the first pléce, you have the same responbility as everybody else--
to beva good citizen. But you also have special responsibilities because

he either knows some thing that other people don't knoq},or because he has
ways of finding‘out about things that other people don't know about. I

think that the scientist has maybe two responsibilities: one is to be
entertainer, to be like other artists, to give people pleasure and happiness,
and this is particularly obvious with astronomy. People really are fascinated
by astronomy, and it has some very deep meaning to people—fhérd to describe
bﬁt you can see it when you look at an aﬁdience talked to BJ an‘astronoﬁer
or by somebody who talks about astronomy. They often Have tears in'their
eyes3 they are often oveerf%mlngly emotionally involved with it, and that s
the entertainment aspect of sciencégébeafloor spreadings, plate tectonlcs;
whether there is life on Mars, what's the history of the earth, what's the
history of living creatures, what's the diversity of living creatures, all
their pecul%r and funny ways, interesting ways, what's beneath that intangible
curtain that we see out there in front of us--these are all the kinds of

thlngs that Courseau does and many people read.) These are very important

5

asFects of a scientist's responsibility to the public. After all, the public's

paying for what he does. 'He ought to get something out of it. The other
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thing, of course, is that the scientist has the responsibility of laying the
basis for a humane technology, technology which serves the interest of people
and doesn't disserve the interests of people. The technologists‘rhemselves
have a major responsibility here, but most modern technology is based on
science, based on knowledge of nature and knowledge of ourselves, thevknow—
ledge of other living creatures, biological knowledge,.scientific knowledge
of living things and of the inanimate world. And so, I think one of the
responsibilities of the scientist isvto try to consider, think, and talk
~ about~-put it‘iﬁ that‘order—-what are the likely consequences of increases
in scientific knowledge} and to do that in such a way that you don't seare
people, but you give them a chance to make intelligent choices and intelli-
gent decisions. You can't make the decisions for them, but you can.giye
them the knowledge by which they can make‘better decisions. And then the
finallthing is to do good science. That's a responsibility, too, because
science is something that people can do. Finding out aboﬁt the world and
-abeut.-the-—world and about e%selves is.an imﬁortant human activity, something
that makes people human, gives‘them a higher humanity, a more irnitense exper-

ience. Most scientists, of course, feel this very stronglinénd I think
. \

;;Bﬁt onelof the wonderful things about human beings is that

)

they're right.
they can understand neture, up to a point at least. And we haven't reached
that limit yet. We might just move ahead as fast as we can and find out as
much»as we can. Maybe we will‘find;veventuéllyt\%geof two things will happen:
that science becomes so complicated thet it loses its uniry‘and its integrity;
and thereforeg’people won't be interested in it. I mean, it's quite possible
“that we've developed‘a civilization that couldn'tncare less about knowing
about things. Alternarively, the possibility is that we'll come up against

bd?riers, limitations,of our own minds and our own ability to understand.

.That isn't in sight yet, but it may be within the next 100 years or so.
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I guess that you can think of science sort of like you think about population--
it can't go on férever. The rate at which we're learning things is accelerating.
That leads to a discontinuity of some type. You know, an exponential curve
is fundamentélly an unstable curve that leads to a discontinuity of some
kind. It can't go on exponentially. ‘In other Qords, maybe we'll go like
thié and level off 1like that; then maybe we'll go like this and go like that.
One of those two things might happen.
Now, I have one final question. 1In yoﬁf_iong and distingﬁished career, what
do you consider your most important  accomplishment?
Gosh, I think that's an impossible question to answer. You'll have to ask
me‘that 50 years aftef I'm dead. I guess the thing that I feel proudest of--
I'm not saying it's the most important, but one that I feel is a high point
of my life--was étarting the University of California at San Diego. You
know, .that may not turn out very well after all. Something else might happen
more important. But, so fagfﬁI fhink‘it;s turned out pretty well; and that
was a great exﬁerience, an e%perience that very few people ever have. It
couldn't have happened ét any other time in history just like it‘happened:
technology and science were riding high, there was plenty of money, people
thought that there were going to be a lot of people in California-;every—
thing fitted togetﬁer; - We weré_just awfully lucky. But, because we were lucky,

we had to do something with it that was, in some sense, unique.

)






