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Begin Tape 1, Side 1

Cohen: 1'd like to start this interviewwth you telling us just
alittle bit about your background-where you were born, a bit
about your parents, a bit about your grow ng up.

Patterson: | was bornin a small town in the mddle of Iowa that
was | ocated in the mdst of farmland—+olling prairie-type

farm and—+n central lowa. There was a small school. Boyhood in
this little towmn was sort of centered at that school. And al

t he students knew each other for twelve years. It was sort of a
tribal interaction.

Cohen: So you were in one school the whole tine.

Patterson: One school the whole tine. People didn’t nove in and
out. The school had 100 students—the sumtotal for all the
grades. [Laughter] So there was a close personal interaction
t hroughout that tine.

Now, as | grew up, we spent a lot of tinme |earning things
about the world that nost youngsters in cities don't |earn these
days.

Cohen: Were you all fromfarmfam|lies?
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Patterson: The farns were around us, and sone of the students
were fromfarns. W took tinme to participate occasionally in
farmlife. W saw crops being planted; we knew how they were
bei ng planted, and we saw how they were harvested. W knew about
farmanimals: W saw farm animals procreate; we saw t hem bei ng
but chered; we saw them being fed. W saw cows being mlked. So
we were aware of the farmng activities.

Furthernore, we were in an area of a river, woodl ands. And
on weekends sone of us—+two or three of the boys—would go to the
river bottom and stay overni ght over the weekend. Qur nothers
woul d gi ve us sandw ches or sonmething. It was about four mles
away. We'd learn howto swmand fish. W boys were by
our sel ves.

Cohen: How old were you then?

Patterson: We were between eight and twel ve years ol d.

Cohen: So you were expected to have good sense at this early
age?

Patterson: Yes. W took care of ourselves. W stayed there.
We built fires and cooked the fish that we caught. There were no

adults with us at all. Doing that, we |earned about plants; we
| earned about animals. Also, we |earned how to hunt. Qur
parents gave us shotguns—a little tiny thing called a .410. 1It’'s

a small shotgun that wouldn't carry very far and woul dn’t hurt
very nmuch. So we hunted rabbits and squirrels; we |earned howto
use weapons and shoot ani nal s.

| learned that at the river bottom+this was called the Skunk
Ri ver, by the way [l aughter]—+there were what we called the Indian
mounds. These were old burial grounds. And | collected
arrowheads and various things fromthose nounds. Also, there
were animals that would be dead or killed. | would recover the
bones and take them back to nmy hone, and then |1’ d reassenble the
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bones so | could see which type of aninmal that was.

Cohen: |Is there a reason why you woul d have had this scientific
feeling about this? Wat sort of thing did your father do? O
your not her?

Patterson: M father was a rural mail carrier. Both ny parents
wer e col | ege-educated people. M nother was a nenber of the
school board, and she saw to it, along with the superintendent,
that | got educated. First she got me a chemstry set.

remenber when | was a little, tiny kid, she told ne, “Well,
Clair, when you were very small, you asked ne, ‘Wiy is a drop of
wat er round?’” [Laughter]

Cohen: So it was already there.

Patterson: [Laughter] So we started on that stuff. And then
when | got to seventh or eighth grade, they started getting
chemcals for me. And we had a basenent, where | built a bench
and sone shelves. There was a sink down there. | built nyself a
l[ittle hone | aboratory. O course, the school didn't have this
sort of stuff.

Then, when | was in ninth grade, | had an uncle who gave ne
his chem stry | aboratory workbook fromthe chem stry course he’'d
taken in college. So fromthen on, | taught nyself chemstry in

nmy basenent.

Cohen: Did you share any of this with these friends of yours?

Patterson: Well, they weren't interested, really. The only way
we shared it would be when |I’d cone back to school and the

t eacher woul d say atrocious things that were totally w ong.

[ Laughter] And then | would get up and give a little explanation
of howit really was. But ny colleagues didn’t care. You see,
we were |ike cousins. Each person had certain characteristics,
and we accommodat ed ourselves within our tribe to those various
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characteristics. Mne was that | would get up and expl ain how
things really work. That was ny job. They didn’t resent this;

it was all part of the whole deal. [Laughter] The science

t eacher woul d say sonething about electricity being a fluid, and
| had to explain to them about electrons. You see, | |earned the
periodic table; |I |learned qualitative inorganic analysis and al
this sort of stuff. | taught it to nmyself. And the school
procured the chemcals that | could use for all those purposes.

Cohen: So you were really encouraged—at hone, and by the fact
that your friends listened to you.

Patterson: That’'s right. | would say that the major thing in
this whol e process was there was no retribution for being

out spoken or a dissident—+f there was quality in what you were
doing. | nean, there had to be a denonstrated reason behi nd what
you did that showed there was sonme worth to it. You couldn’t
just be quarrel some or negative. So ny parents always all owed ne
to go off in any wild direction | wanted to go, provided it had a
sound basis—+f it could be denonstrated to be a worthy thing. It
didn’t have to be acceptable, because it would be different.

was always different fromnost youth. But that’s crucial

Cohen: It sounds |ike you had wonderful parents.

Patterson: Well, | would say the situation was such that they
coul d not have done it that way in a city. It was the social
context also. So that kind of social context, | believe, is

crucial for establishing at an early age the awareness that
creativity is not to be tranpled just because it’s divergent from
ordinary views. And you can do that in this small type of

envi ronment and popul ation. That really is very, very crucial.

Cohen: Did you have any brothers or sisters?

Patterson: OCh, yes. | had a brother and a sister. Qur brother
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was a chanpi on athl ete.

Cohen: He wasn’'t interested in a chem stry set.

Patterson: No way! [Laughter] He was a chanpi on basket bal
star. And ny sister was in all sorts of girl stuff.

Cohen: So there was never any question about your going on to
col | ege when you fini shed.

Patterson: Ch, no. That was accepted. It was taken for
granted. Anong ny school mates, not many of them went to coll ege.

But going to college wasn't considered a weird thing.

Cohen: Do you renenber what year you graduated from high school ?

Patterson: In 39—+ was bornin "22. | was only sixteen; ny
birthday occurred after | graduated.
| went to Ginnell College, a very small, excellent college,

also in lowa. There the faculty treated us just |ike they were

parents. There was a close interaction between the faculty and

t he students.

Cohen: How big a school was it?

Patterson: It was 800 students, all four years.

Cohen: How far was this from hone?

Patterson: | would hitchhike home to do ny laundry. [Laughter]
It would take a half a day or day to hitchhike. | can’t

remenber; it was 150 miles or sonething Iike that. And I worked.

Cohen: Ginnell was a private school ?

Patt er son: Yes.
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Cohen: A secul ar school ?

Patterson: It was originally a Congregational school, | think,
but it wasn’t a religious school. But we did have chapel. And
religion was to be considered—+t wasn't to be forced on you. You
sort of absorbed the idea that religion was part of your whole
social structure and life, although it wasn't necessary for you
if you didn’t want to.

Now, ny religious background was that ny famly bel onged to
what was called the Unitarian Universalist Church. 1It’s sort of
a liberal-type Christian church. M grandfather founded the
church in Mtchellville that we went to. On Sunday |’'d get up
real early and go on cold winter nornings to build a fire to warm
up the church. [Laughter] M nother was a big wheel in that
church. And the mnister used to tell nme a lot of things—
phil osophy and all that sort of stuff.

Anyway, when we got to Grinnell, the way that | was treated
was, again, | could be a renegade. Not a comuni st type—+t had
to have sone substance. For exanple, in chemstry, | |loved the

fact that you could go in the | aboratory and work your heart out.
You could do anything you wanted to. You could play all sorts of
ganes.

Cohen: Was that your mmjor subject?

Patterson: Yes. | spent a lot of tinme in chemstry. And then
quite a bit of time in physics.

Cohen: Can you renenber a professor that inspired you?

Patterson: Yes. The professor of chemstry, as a matter of
fact, gave nme a job cleaning out his church. Now, he was very
conservative; he was a Christian Scientist. Can you inmagine a
prof essor of chem stry being a Christian Scientist? He was a
very wonderful person
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Anyway, | had never drunk beer before; | had never snoked
before. So when | got to college, |I cane across beer and | got
drunk. | was only a freshman, only seventeen. Well, | drank too

much beer, and | got inebriated one Saturday when | was supposed
to be cleaning up the church, and | preached a sernon. And the
prof essor found out about this—a drunken sernon! So then

wasn’'t able to work in his church; | had to shift jobs.

[ Laught er ]

Cohen: But he was still good to you in the chem stry |ab.
Patterson: OCh, he and | got along very well. In ny third year,

| blew up one end of the organic |ab doing sone experinents. You
see, | would go beyond what | was supposed to be doing. And I

was doi ng sonmething with sonme diazo conpounds. They were very
fragile and unstable things. And | wanted to do sone nol ecul ar
chem stry and that sort of junk. Well, it blew up, and he and I
had to clean up that nmess. [Laughter] But he endured that. Oh,
| loved physical chem stry, because | could do all sorts of
t hi ngs.

My wife, Laurie, and | nmet each other and becane bonded in
col | ege.

Cohen: Did she start the sanme tinme as you did?

Patterson: Oh yes.

Cohen: And | know she was a chem stry student.

Patterson: Yes. She cane froma little town on the west side of
Des Moines; | was froma little tow on the east side. Her
nother’s famly had come fromMtchellville—ny town—and then they
had noved away when she got married. And her nother and ny
not her grew up together as little girls. But Laurie and | never
knew each other then; we only net at Ginnell.

| hel ped Laurie. She would drop things in the |aboratory
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and funbl e around.

Cohen: Maybe she did it on purpose, so you d help her.

Patterson: She resents very much for nme to say this, but it
neverthel ess was true: that | was very good in the | aboratory,
but she got A's and | got the next grade down. W had honors,
and superior, and basic, or sone stupid thing like that—ae didn’t
have A, B, C Ginnell was a very outstandi ng-type school; they
didn’t do that sort of stuff. But she got honors, and | only got

superiors, because | was the renegade, again. | wouldn't do the
homewor k. | always wanted to do what | thought was the right
thing to do, and I wasn’t going to do what the rules said. So
she got better grades than | did. But we got along very well in

sci ence. She took chem stry and physics together with ne.
Cohen: W are getting toward the war years now, aren’t we?

Patterson: Yes, this is right during the war years. At the end
of our four years at Ginnell, the United States had gotten into
Wrld War 11. | applied to graduate school to get a master’s
degree at the University of lowa in physical chemstry. This was
1943 and *44. W got married when | was in graduate school .

| got a master’s degree in nine nonths. And the war was
getting pretty heavy. So | said, OK I'mgoing to join the arny.

| guess that was when we invaded France, or sonething. | got
very worried about this stuff and thought, “I’ve got to do ny
part.” And Laurie said, OK, she would join the marines.

Then there was a chem stry professor at the University of
| owa who said, “Patterson, you' ve got to go to the University of
Chi cago and work on the atom c bonb.”

Cohen: But he woul dn’t have known about the atom ¢ bonb then?

Patterson: Yes, because that’'s where he went.
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Cohen: | thought it was such a big secret.

Patterson: Ch, it was only a secret to chinpanzees who didn’t
know what they were doing. He was going to the University of
Chicago to work on the atom c bonb, and he wanted to take ne
along. | went back to ny draft board and said, “I want to go in
this arnmy and get killed.” And they said, “You ve got to go.
You can either go on the atom c bonb as a civilian or you can go
on the atomc bonb in the arnmy. |If we draft you, you’ re going
down there.” So it was nore or less that | didn’t have too nuch
say about it. So Laurie reneged on her enlistnment in the
mari nes. [Laughter]

And then we both went to the University of Chicago to work
on the atom c bonb. W got married just before we left the
Uni versity of lowa.’

Cohen: WAs Laurie getting a master’s degree al so?

Patterson: No. She was working to pay our expenses, | think.

1

Laurie Patterson wites: Pat and | left lowa Gty to work on the
Manhattan Project in 1944, soon after we were married and at the
instigation of Dr. [George] dockler, Pat’'s professor at the University
of |owa. In Chicago we lived in an apartment hotel across the street
from the Museum of Science and Industry. W were unhappy in the city,
doing work we thought would “let the genie out of the bottle” much too
soon. In the late sumer of 1944 we returned to lowa for a weekend for
Pat to enlist in the arny. He had applied once before, during our
seni or year of college, but was rejected because of near-sightedness.
Now however, the physical requirements had been |lowered and he felt he
woul d be accepted. | enlisted in the Waves. Three days later the draft
board reported they could not draft Pat because of his high security
rating and he nust return to the University of Chicago. Fortunately |
had not yet turned in all of the required papers and was not formally a
Wave.

When we returned to Chicago we were asked to meet with the col onel
in charge of Manhattan Project personnel at Fifth Arny Headquarters.
Pat felt he was the only young nmale on the streets of Chicago and was a
“draft dodger.” The col onel suggested that he send us to OGak Ridge,
where there were many young peopl e. He was remarkable for his enpathy
for two youngsters such as ourselves. So we went to Cak R dge for the
duration of the war, where we worked at the Tennessee Eastnan
el ectromagneti c separation plant.
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Oh, she had a lot of jobs. She was working in a Davenport
arsenal. She was working in a paper institute. And then finally
she ended up working at the University of |owa hospital

| aboratories just when we got married. Then we both went to the
Uni versity of Chicago together and worked on the bonmb in the |ab
—+the Metallurgical [Laboratory, it was] call ed.

Cohen: \Whose lab was this? Wo was in charge there?

Patterson: The people? 1’1l talk about that later. Mark Fred
was ny boss there, and | don’t know who Laurie’s boss was.’ You
see, | had becone a spectroscopist. | had done nol ecul ar

research in nol ecul ar spectra back at the University of lowa for
ny ni ne-nont hs, whi z-bang master’s degree. And while | was there
| got into atomc spectra a little bit. So now at the University
of Chicago | was doing atom c em ssions spectroscopy. They were
anal yzing the various products of the uranium when it
di si nt egr at ed.

After a bit, Laurie and |I said, “Ch, we’'ve got to go down to
Cak Ri dge, because this is where they' re making the atom c fuel.”
So we went down to Oak Ridge, and that’'s where we spent anot her
year and a half or two years, working at the uranium 235
el ectromagneti c separation plant.

At Cak Ridge | got into mass spectroneters. You see, the
i sotope of uraniumthat they wanted was urani um 235, which is
what you made the nuclear bonb out of. But 99.9 percent of the
original uraniumwas uranium 238, and you couldn’t make a bonb
out of that. But the little tiny bit that was U* had a
di fferent mass, and you coul d separate them using a nmass
spectronet er

Now a mass spectroneter is where you take the uranium stick
it inthere and ionize it so it’s got a charge; each little atom
of uranium has a charge. You accelerate that sanple through an
electric field and get it noving. And then you put it through a

Prof essor Burton from Notre Dane, according to L. Patterson.
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magnetic field, and the magnetic field will bend the |ighter
isotope nore than it will bend the heavier one. So it separates
the two isotopes. They had little collection boxes where they
collected them So you could take a bunch of this stuff and put
it in, and then when you got it out, you had the enriched 235
over in one box.

Cohen: It sounds sinple, but I"'msure it’s not as easy as al
t hat .

Patterson: Oh, it was hideous! These nass spectroneters were
about ten feet wide and twenty feet high and deep, with big
magnet s outsi de between them They had those nmagnets arranged

all around, like a football track. It was about the size of a
track around a football field, too—a quarter of a mle. It was
hi deous, it was awmful. It was |ike a nmass spectroneter factory.

The magnets were wound, by the way, with silver taken fromthe
U S. silver deposit, because silver transmtted the electric
power easier and better than the copper. That all went back to
the Treasury after the war.

Anyway, Laurie and | worked in separate | aboratories, first
anal yzing the chemcal purity of the U* that was coning out.
Then later | switched over to these little nass spectroneters
that were used to determne the isotopic conposition of the
product. You see, they had to reprocess the uranium They woul d
collect and take out the U®, and then they’d put it back and
process it again. They' d do that two or three tines until they
got 99 percent U* froma sanple that was only a half a percent
to begin wth.

Cohen: Where was all that uraniumcom ng fronf
Patterson: From big uraniummnes in Colorado. They would ship

the uraniumto GCak Ridge, and they would transfer it there to a
chem cal formthat they could put into the nass spectroneter
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Cohen: Now, you were a civilian all this tine.

Patterson: Yes, Laurie and | were civilians.

Cohen: Were you provided with housing?

Patterson: Yes. W had little houses. Oak Ridge was nmade up of
these little mlitary-operation-type houses. W had a little
dog, and we went back and forth on a bus to work every day. The
house was buried in the nmountains. And then on weekends, when we
had tinme off, we’d walk up into the nountains behind, and we
woul d see the people who had been living there for 200 years.
mean, you'd call themhillbillies. But, you know, their annual

i ncome—before the Tennessee Valley Authority and the Gak Ri dge

At om ¢ Energy Conmm ssion busi ness—was 200 or 300 dol |l ars per

year. There would be a little wagon, or a truck wagon, that
woul d go through the bottom of each valley, winding its way
through on a little road. The houses were up on the sides. And
t he wonen woul d come down and buy things each week fromthis
wagon. So they never got out of there very much. | never | ooked
into the | ocal econony—what they grew or how they lived. But we
went up and down two or three valleys. These people didn't like
these city slickers comng through there, but we did it anyway.

Cohen: |Is this when you net Harrison Brown?

Patterson: No. He was there, but |I didn't neet himuntil after
the war. He had done his original diffusion work back at

Col unmbi a University, and there was a diffusion plant at Oak Ri dge
al so. There was el ectromagnetic separation and diffusion
separation. [Harold] Urey had done sonme of the theoretical work
that was related to that mass diffusion stuff. That’'s where he
got his ideas about isotopic fractionation being a function of
tenperatures. This was the insight that enabled himto devel op
the concept that led to what we call pal eotenperatures, the
nmeasurenent of tenperatures 200 mllion years ago. This is Sam
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Epstein’s stuff.

Cohen: Was Harold Urey at Gak Ridge?

Patterson: No. He was the guy who did the theoretical work at
Col unmbi a that the Oak Ridge diffusion plant was based on

These guys during the war devel oped these concepts, you see.
And they kept themon the shelf. They knew that they were
wor ki ng as engi neers on a hi deous weapon of warfare. They were
the sane type as ny nentors at the University of |Iowa—ike the
guy who told nme, “Patterson, we are saving denocracy for the
wor |l d against fascism” These professor-nentors, who were no
| onger at the university but working on the bonb project, they
told young people like ne that this was the thing to do. This
hi deous crinme that we were conmtting was a necessary thing.

Cohen: But did you think this way then?

Pat t er son: No. It was afterwards.

Cohen: So let’s talk about how you thought about it then. Then,
you just did your work. You felt that this war had to be won,
right?

Patterson: Yes, | guess so. The essential thing was that during
that time, | learned a ot of new ideas and concepts and patterns
of thinking. So when the war ended, | said, “I want to go back
to the university. | love the University of Chicago; |’ m going
to go there and I’mgoing to get ny PhD in science and study sone
of this inmportant stuff.”

So Urey, and [WIlard] Libby, Brown, and all these guys, a
whole ot of them flocked back to the University of Chicago.
And all these ideas that had been cooking around in their mnds
during the war then cane to fruition as goal s.

Cohen: Are we tal king about basic scientific ideas?

http://resolver.caltech.edu/CaltechOH:OH_Patterson_C



Patt erson- 14

Patterson: Yes. This had nothing to do with nmaking the atomc
bonmb. These were scientific concepts that dealt with atomc
physi cs and chem stry.

So when | went to the University of Chicago, Harrison Brown
found out about nme, and he said, “Hey, Pat, |look, you' re famliar
wi th mass spectroneters. Now, here’s this other youngster,
CGeorge Tilton. What we’'re going to do is learn how to neasure
t he geol ogi c ages of a common mineral that’s about the size of a
head of a pin and it has uraniumin it but no lead. |It’s called
zircon.” You know the jewelry zircon? Well, there are little
tiny zircon crystals that occur as a mnute trace constituent of
common ordi nary igneous rocks. Wen those rocks crystalize and
formfrommgm, a whole lot of different crystals formin there;
anong those are tiny bits and pieces of zircon. And they have
urani um but no lead. And as they sit there, the uranium decays
to |l ead, and you can do uranium | ead age neasurenents. However,
the amounts of uraniumin there are about only a few parts per
mllion, and that’'s decayed to just even smaller parts with a
little bit of |ead.

So what Brown wanted Tilton and ne to do was to devel op nass
spectronetric techni ques to neasure anounts of uranium and study
t he i sotopic conpositions of anmounts of |lead that are 1,000 tinmes
smal | er than anything that anyone has ever |ooked at before.

Cohen: Let me back up a little bit. You entered the University
of Chicago as a graduate student to get a PhD. You did not enter
at Harrison Brown's invitation. It was after you were there that
he found you.

Patterson: Yes, after | was there and started taking courses.
|’d only been there for a few nonths when he took on Tilton and
me. He was | ooking for students who had backgrounds and

know edge in mass spectroneters. GCeorge hadn’t, but George had
worked with uraniuma little bit before, so this is how George
got into it.
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So that’s how | first nmet Harrison and got into this
busi ness. The students at Chicago had to take a | ot of courses
to give themthe background in whatever topic they were going to
major in. And | was in the Chem stry Departnent.

Cohen: It sounds like it was a very exciting place in the early
fifties.

Patterson: The last half of the forties. | worked for about
five years on ny PhD, and one year as a postdoc, and then another
year as a research assistant here before | actually—well, 1'd
nmeasured the age of the earth. But before that, George Tilton
and | had determ ned how to neasure the ages of these zircons.
And that blew the whole thing apart.

You see, three different nmethods had been devel oped for
measuri ng ages: the uraniumlead age, the potassium argon age,
and the strontiumrubidiumage. They didn’'t even know what the

hal f-1ife of rubidiumwas when we started this stuff. | didn't
work on the latter two; | only worked on the uraniumlead. | was
the lead man and Tilton was the uraniumman. Tilton only had to
measure concentrations. | had to neasure isotopic conpositions.
And that is different. And Harrison Brown says, “Wll, Pat,
here’s the deal. Once you do that, then here’'s what you do.”

Brown had worked out this concept that the lead in iron
nmeteorites was the kind of lead that was in the solar system when
it was first forned, and that it was preserved in iron neteorites
wi t hout change from the uranium decay, because there is no
uraniumin iron neteorites. Now, this is crucial, because when
ot her parts of the solar disk of the planets were form ng—+for
exanple, Earth—they took in both | ead and uranium Therefore the
lead in the earth today is a mxture of two things: the
prinordial lead that was in there at the beginning and the | ead
t hat has been created by urani um decay since the earth was
for med.

Now, there are two isotopes of uraniumthat decayed and
there’s also thorium so you have three different isotopes of
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lead. So the whole thing gets m xed up. You ve got all these
separate age equations for the different isotopes of uranium and
different isotopes of lead that were formed. And it was not
known what the isotopic conmposition of |lead was, in proportion to
these different isotopes in the earth when the earth was first
f or med.

Now, there’s a bunch of equations that these atom c
physicists—Al [Alfred] N er, for exanple—alculated. It's so
mar vel ous how they worked all this stuff out. And if we only
knew what the isotopic conposition of prinordial |ead was in the
earth at the tinme it was formed, we could take that nunber and
stick it into this marvel ous equation we had. And you could turn
the crank and, blip, out would conme the age of the earth.

So Brown said, “Pat, after you figure howto do the isotopic
conposition of these zircons, you will then know how to get the
| ead—you will have it all set up. You just go in and get an iron
meteorite—+'1l get it for you. W’'Il get the |ead out of the
iron neteorite. You neasure its isotopic conposition and you
stick it into the equation. And you'll be fanpbus, because you
wi || have nmeasured the age of the earth.”

Cohen: And what did you say?

Patterson: | said, “Good, | will do that.” Do you know, he
said, “It will be duck soup, Patterson.”

Cohen: Did he ever work in the lab with you?

Patterson: No. He came in one tinme. He was trying to show us
sonmething. It [an ether-extraction flask—t. Patterson] blew up
in his face. He had to stick his head under the water faucet.

[ Laughter] He was better out of the I|ab.

Anyway, let ne tell you. In working wwth George Tilton, we
finally got this nethod worked out. Wat we had done was, Brown
had gotten us a granite rock that was fornmed at the same tinme as
some uraniumores were fornmed, so the age of this uraniumore was
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the sane as the age of this rock. And they had used old

cl assical nethods to determne the age of this uraniumore. W
only had six or seven geologic ages—that’s all we had; there were
no nore—and they were fromores, you see. This is where you had
gram amounts of these ores, and mlligrans of lead to put in a
mass spectroneter to determne its isotopic conmposition. | had
to use mcrograns—, 000 tinmes small er—for the age determ nation.

Well, we knew the age of this rock, and old George would
determ ne the anmount of uraniumin these zircons, and | woul d be
wor king on the lead. Wen |I’'d cone out with sonething, we'd take
George’ s uranium and ny | ead, and know ng the age, we’'d conpute
how much | ead should be there and what its isotopic conposition
should be. “Not right, Patterson!” Qur experinmental results
didn't fit the calcul ati ons.

Now, | tracked back and | found out there was | ead com ng
fromhere, there was | ead comng fromthere; there was lead in
everything that I was using that came fromindustry. It was
contam nation of every conceivabl e source that people had never
t hought about before.

Cohen: When did you realize that? Did this just conme to you
suddenl y?

Patterson: GCh, of course not. Say the age result you get is
wong. Wiy? You go back and you track it down. And you say,
“Well, it nust be that.” Then |I would go and have to anal yze
that thing I thought was it. Well, that was harder to do than
anal yzing the stupid zircon. You had to set up a whole ness of
si mul t aneous equations with two unknowns, and then do that, and
then finally get an estimate of what it was. So it took ne years
and years to work out where the | ead was comng fromand how to
get the |l ead out of these things.

Cohen: When did it occur to you that this |lead was com ng from
all over?
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Patterson: | found that the nunbers were wong when | was
anal yzing the zircons. There was |lead there that didn't bel ong
t here—ore than there was supposed to be. Were did it cone

fron? Well, it mght have cone fromthis, it mght have cone
fromB, it mght have cone fromC So we’'d look at lead in C
we'd look at lead in AL Well, how do you analyze lead in A? It

turns out you're contam nating lead in A when you' re neasuring
lead in A So therefore you have to set up these sinultaneous
equations in order to gradually get into all of that.

Cohen: Did people believe you when you first said this?

Patterson: No, of course not. Anyway, so | discovered it after
years and years. It was working with those zircons that enabl ed
me to beconme aware of this enornous contam nation problem Brown
said he thought it was nmerely a matter of reducing the sanple
size, of technology, of finding the |aboratory techniques. |
reduced the amount, but that wasn't the problem | could reduce
it by a factor of 1,000; that only took ne a year or so. You
just play ganes, you know, |ike an engineer. That wasn't the
problemat all! Wen you reduced the anmount, you ended up with
contam nation. You couldn’'t take a little speck of sonething
when you had tons of lead in your |aboratory fromall these

di fferent sources.

So | gradually learned how to do that. That's why | becane
aware of the contam nation problem because | kept getting the
wong answer for lead in these zircons. W knew what the anount
of | ead should be, because we knew the age of the rock from which
it cane, and because of George Tilton’s neasurenent of the anount
of little tiny bits of uraniumin there. W could calcul ate how
much | ead there should be and what its isotopic conposition
should be, and it kept comng [out] the wong nunber. So | had
to figure out why—+o go to all these sources for different
possibilities. So therefore |I found out all about this
contam nation. And in the process of finding this out, | |earned
how to anal yze very | ow concentrations of |ead in everything.
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Cohen: Did you already set up a clean |lab there?

Patterson: No! | was forced to nake the clean lab as a
consequence of these discoveries. Wy would I have a clean | ab?
No one else had a clean lab. It didn't exist. |t canme about as
a consequence of these discoveries. | discovered that your hair—

You know Pigpen, in Charlie Brown’s comc [strip], where stuff
is comng out all over the place? That’'s what people | ook |like
with respect to lead. Everyone. The lead fromyour hair, when
you wal k into a superclean |aboratory like mne, will contam nate
t he whol e dam | aboratory. Just fromyour hair. [Laughter] And
| ead’ s com ng fromyour clothing and everything else. So |
| earned the beginning of how to analyze |ead at very | ow
concentrations in comon ordinary things that people had never
t hought about.

Now, there were tens of thousands of published nunbers of

| ead concentrations in these common ordinary things. They were
wong! They were high, but they weren't nearly high enough.
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CLAIR C. PATTERSON
Session 2
March 6, 1995

Begin Tape 1, Side 2

Cohen: 1'd like to talk a little bit nore about your interaction
wi th Harrison Brown over the years that you were his student.

Patterson: Well, | got ny PhD [1951] at the University of
Chi cago after five or six years of work there. George Tilton
his other student, and | had worked out and devel oped and
publ i shed a paper on how to determ ne the ages of little tiny
zircon crystals in the rocks. This was very inportant, because
this is one of the three major nethods that was subsequently used
to delineate the geological history of the earth. It was a very,
very fruitful type of pioneering work. But | hadn't yet gotten
to the nmeasurenment of the age of the earth and studying the |ead
iniron neteorites, which Harrison had told me was duck soup five
years earlier

Well, at that time—and | was just getting ny PhD—+ said,
“Well, Harrison, | really would like to continue this wrk and
nmeasure the age of the earth and get the |l ead out of the
nmeteorite. But | need to work as a postdoc here at Chicago to do

that.” And he said, “OK, Pat, go ahead. You can work in the new
| abs they' re building over there, at the Institute for Nucl ear
Studies.” So | wote a little proposal to the U S. Atom c Energy

Comm ssion. They had a postdoc program They had financed
George Tilton’s and ny work—Ay work on | ead, CGeorge’s work on
urani um-for the five previous years. They would give the noney
to Harrison, and Harrison paid his predoctoral students. And
since they had financed us for work that led up to this, I wote
a new proposal saying, “Here, I'mgoing to do this.” They turned
it down. They said they weren't interested in neasuring the age
of the earth.

| cried on Harrison’s shoulder. He said, “Pat, that’s al
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right. 1’1l rewite your proposal in nmy nanme.” And you know,
he’s very good at explaining things to people in a nonscientific
way—n an engi neering aspect way that says of what use it is, you
see. So he rewote the darn thing. Boom | was awarded a

fell owship, a postdoc, and that’s the noney | used to begin. |
di d about half the work for one year in getting |ead out of
meteorites to do this. But | still hadn’'t done it. And then
Harrison got offered a big job over here at Caltech in the

geol ogy departnent. And he brought ne along with him

Cohen: And you just said yes?

Patterson: Yes, of course. Because | wanted to continue this
work. So after he came, he got nore noney out of the Atom c
Energy Commi ssion to build a mass spectroneter here, to build nme
a laboratory to work in, anmong other things. And in that

| aboratory | isolated iron-neteorite lead. But | didn’'t have a
mass spectroneter built yet, so | flew back to the University of
Chi cago. There was anot her professor there—Mark Inghram in the
Physi cs Departnent—and he and Harrison had worked together. It
was his mass spectroneter that | had used with George Tilton to
do all this age work. Mark had built a brand-new type—a new
version—that | could use to neasure this stuff. It was
wonderful. And that was the data that | used to publish this
paper delineating the neasurenent of the age of the earth. This
was in 1953. This was the first neasurenent of the age of the
earth that was published.

Now | isten, Shirley, it was not understood by the geol ogi cal
scientific community at all—-how this was done, or anything about
its meaning or significance. Furthernore, only a few nucl ear
geochem sts under st ood what was being done there. And they were
all busily working in these two other nethods—potassi um argon
dating and rubidiumstrontiumdating. None of them knew how to
isolate lead without getting it dirty. However, the age work
that CGeorge Tilton and | had done for our PhDs—that had excited
sonme people. That got themto also start working on isolating
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lead fromthese little things. And they nade inprovenents over
Patterson’s nmass spectronetry method that enabled us to reduce
the level of |ead contam nation by another factor of 100.

[ Laughter] But they still couldn’t control the contam nation
wel | enough.
At Caltech | immediately used their new technique in ny new

| aboratory to push down the contam nation control and the amounts
we were working with. And that was how | was able to do this

| ead nmeasurement in the iron neteorite successfully. But it took
a long time before that tiny handful of people could catch up and
repeat ny neasurenents. It took themyears and years and years
before they could do this. And it was a dozen years, literally,
before this nunber got in the geol ogy textbooks.

Before then, the age of the earth was very vague. It was
sonme billions of years. Back before World War 11, it was what
was known as sort of a mystic nunber. Then after about twelve
years, the correct nunber began to appear in the geol ogy
t ext books, but they never said how it was determ ned. They said,
well, it was due to uraniumlead geochronol ogi cal nmeasurenents.
But what was said was incorrect, of course. It wasn't until
maybe ten or fifteen years later that a few of ny coll eagues were
able toreally do this correctly. You nust recognize that this
nunber that | had neasured related to the tine of the coal escing
of this planet out of the solar disk. You see, there was the
formation of all the other planets going on, too—big ones, little
ones. Even the asteroids, which were swirling around. This was
the tinme of the segregation fromthe solar mass into this
separate little body, Earth, swirling around the sol ar nass.

Now, that is a finite period of tinme. | mean you have—who
knows? Do you have a billion years for this to take place, which
is a substantial fraction of the tine that’'s passed since the
earth was fornmed, or was it just a very short tinme? Wll, they
were working on that, and I didn't give two hoots for that. W
attitude was, “I don’t want to work on that stuff anynore. Wat
| want to work on is about the evolution of the earth—-what
happened to the earth itself during the time it was coal esci ng.
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That’s what | want to work on.”
Now, the reason why | wanted to do that—er that | could do

t hat -was because we coul d use | ead isotopes as neasures. | know
this doesn’t have any neaning to you. But we could do it because
the isotopic conposition of the | ead was changing. It was

dynam ¢, because uranium was decaying all the tinme and there were
three radi oactive progenitors of three different isotopes in this
| ead that were being added all the time the earth was there. The
earth was dynamic. These parts were noving around, all over the
pl ace, and you were separating uranium and thoriumfrom each
other and fromlead, due to their different chem cal properties
in these different conponents that were noving around. Sone had
sul fur, sone had oxygen, sonme had silicon. And these different
conponents would grab on to different chem cal strengths of the

| ead, uranium and thorium and segregate themin different parts,
so that the proportions of |ead and uranium and thorium would
change for mllions and hundreds of mllions of years at
different areas. And the lead within would have a different

i sotopi c conposition. And you could track this. You could
followit.

So, today, by |ooking at rocks—here you have a rock this
old, there a rock that old—you could look at the lead in there
and you could begin to put together a picture of how they had
been related in past tines, their chem cal relationship. And
then you could get other people’s work to help you interpret what
that chemistry neant in terns of position in the earth. And then
we coul d get tines.

So that’'s what | was interested in. That’'s what | started
out doing. | said, “To hell with this damm stuff about cosnol ogy
of the sun to the planets.” There were other people who were
very interested in that. So they worked their hearts out to
prove | was w ong.

Cohen: They didn't |ike your nunber?

Patterson: No, no. They wanted to make di scoveries. And in
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order to meke di scoveries, you can’t just prove sonebody’'s right.
That’ s no discovery. You want to prove that sonebody’s w ong:
“Here’s the right way. This is the new way.” You see?

So | had sone of the best, nost able critics in the world
trying to destroy ny nunber.

Cohen: \Wiere were these people working?

Patterson: In various universities in this country and in
Europe. These were nucl ear physicists and nucl ear chem sts,
trying very hard.

Cohen: But neanwhile, your work was supported all these years.

Patterson: No, it wasn’'t supported. They were trying to prove
it was wong.

Cohen: | know. | neant you were getting grants to do this.

Patterson: No, Harrison was getting them Let’s get back to
Harrison. In all this time, | was trying to shift back to using
| ead isotopes to do this. Now, in order to do that, believe it
or not, Harrison got nmoney fromthe Atom c Energy Conm ssion to
do this kind of work at Caltech. He was telling themfibs,
actually. He was tal king about, oh, how ny work was related to
uranium of course. He went through all these cal cul ations, and
he told the Atom c Energy Conm ssion how there was enough urani um
in ordinary igneous rock that if you ground that rock up and then
| eached it with hydrochloric acid you would get enough uraniumto
use in an atom c generator that would be equivalent in energy to

10,000 tons of coal. It would pay for the energy not only of
grinding up the rock, which required energy, but you would have
| eft over huge anounts of extra energy. |In other words, 10,000

tons of coal would equal the amount of energy of the uraniumin
one ton of granite.
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Cohen: And they bought that?

Patterson: They bought that! And it was that kind of sales
pitch he used. [Laughter] Now listen, you know what | would
say. | would say, “Well, | want to know how this chunk of North
Anerica evol ved and then got thrown around and cane over here,
and how this other chunk cane up later. And we want to know when
this chunk canme up and when that chunk cane up, and how t hey were
related to each other. Wat was their ancestry?” And the Atomc
Energy Conmm ssion would say to ne, “To hell with you, Patterson!
We don't care about that stuff at all.” But that’'s the way |
would wite nmy proposals. And | never got funded. But Harrison
woul d get them funded for ne.

Cohen: But he wasn’'t here all that nmany years, was he?

Patterson: Yes, he was. He canme here as a young man fromthe
Uni versity of Chicago, well recognized and fanbus. He got into

t he National Acadeny of Sciences very early, when he was young.
And he was very, very capable. How many peopl e could have sol ved
the problens | did? Nobody would have the stupid perseverance,
you see, to pursue it.

Cohen: But he saw t hat.

Patterson: Maybe, | don’t know. But he talked ne into it. And
he could tal k other people into doing a whole | ot of other
t hi ngs.

Cohen: Who el se did he have working with you here?

Patterson: Professor [Leon T.] Silver, who's a professor now,
was a graduate student when Brown cane here. Brown cane here in
'53, and Sam Epstein came at the sane time. Samwas a protégé of
Harold Urey, and Silver was a protégé of some very good
geologists in the [U S. Ceological] Survey. They had given him

http://resolver.caltech.edu/CaltechOH:OH_Patterson_C



Patt erson-26

an enornous, very very solid, good foundation in geology. And
Epstein had this enornous good foundation in nuclear physics and
geochem stry of pal eotenperatures, and all that stuff.

Cohen: You were a dreamteam

Patterson: Yes. Professor Silver taught ne a | ot of geol ogy.

But | built nmy own | aboratory. And | started out working in this
geol ogi cal stuff, and Silver was hel ping ne and working with nme
and guiding ne. Epstein started on pal eotenperatures. W had
Prof essor [Robert] Sharp here, who was in ice and snow. And that
got Saminto studying recorded tenperatures of polar ices and
that sort of stuff. He pioneered that stuff.

Harrison tended to get into the social aspects of this
stuff. Maybe he felt a little guilty over participating in the
atom ¢ bonmb project—which was an evil sort of a thing—and he was
trying to nmake restitution and all that stuff. So he really
spent a lot of his tinme doing a whole |ot of things—part of it as
foreign secretary for the National Acadeny of Sciences. He did a
| ot of international operations that dealt with trying to correct
the ills of society through scientific books and things.

Cohen: He was very interested in popul ation, too.

Patterson: Yes. Well, in resources nore than in popul ation.
How do you get equitable distribution of resources? He worked
hard on that.

Cohen: So when did he actually nove out of the geol ogy buil ding
into Baxter? Because as | understand, he had an office in
Baxt er .

Patterson: That's right. He shifted about two-thirds of the way
through his tinme here. He finally noved over there and was

prof essor of humanities, doing something. |’ve forgotten his
title over there. Then there was an East-Wst Center that was
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formed in Hawaii, and he noved there. He was able to work over a
| arger scope in a social way. He was very forceful, very
interesting. | stopped interacting with himwen he noved over

to Baxter and | had to start getting ny own noney-which | failed
at, of course. But Brown protected ne.

There was an inportant phase here in Brown’ s hel ping ne get
noney. He shifted fromthe Atom c Energy Conm ssion input—this
is alot of noney that these guys gave out over the years. Now
it doesn’t sound |like nuch today, because there’'s a factor of 20
difference in the cost of the dollar, but if you multiply what we
were getting tinmes 20, it’s in the mllions that we were getting,
over and over.

About four or five years along, Brown had a new idea. | was
studying sedinents. |In order to figure out what was happening in
the past, | would have to get oceanic sedinents. You see, the

rocks woul d erode, they’d have lead in them and then they would
form sedi nents. But you would know, you could neasure the age of
the sedinents. And they're out in the oceans. | wanted to
sanple all the continents of different tines, and the oceans were
a mxing reservoir. And we would |ook at this mxture in the
sediments as a function of tine.

So I was studying that stuff. And Harrison said-he really
was a brilliant guy politically—=Ch, heck, the oil conpanies
should be interested in this.” “Wy?” “Wll, because if
Patterson is | ooking at these sedinents, the isotopic conposition
of the lead is a tracer that helps identify the stage, or the
age, to characterize the tine or the type of sedinent that you
have.” So he convinced the oil conpanies that they should
finance ny research because it would assist themin identifying
oi | deposits. You know, when you drill a core, you' re |ooking at
bands in a rock. And if you neasure the |lead isotopes in there,
it can give you nore information than you had before. It could
hel p characterize the type of sedinent, so it could help you
| ocate and identify oil deposits and reservoirs here and there.
So they started. It was a national consortiumof oil conpanies
that had this big research fund where they doled it out to help
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themdo this stuff. Harrison got noney fromthem every year
huge anmounts, to fund the operation of ny |aboratory, which had
not hi ng what soever to do with oil in any way, shape, or form

Cohen: That's call ed basic research

Patterson: Yes, but you see, he could do that stuff! To ne it
was just a falsehood. If I'd witten it, | would have said,
“Scientifically, this is what . . .” And nobody would care two
hoots about it. Therefore, he helped nme. He got the noney for
me, until a very bad thing happened.

Cohen: Were the grants in his name?

Patterson: It was sort of dual +o Patterson and Brown, sonething
like that. No, he got themto give it to ne. | was the

reci pient. Look, he had so much power and prestige, he didn't
give a damm about this sort of stuff. He wasn't interested in
that anynore. Al he wanted to do was to have an operation
going. He was getting noney for others of his people for other
reasons fromdifferent agencies.

Cohen: So he wanted to have all these scientific operations
going on, even if he wasn’t

Patterson: He was real good for Caltech at drawi ng the noney in.
Even when he was over in the humanities, he was getting noney for
vari ous things.

Cohen: So who, besides you, was he getting grants for?

Patterson: The guys in the geology departnent. | don’t know |
didn't pay too nuch attention to certain stuff. | was buri ed.
|’ ma recl use.

And then a very bad thing happened. W were studying the
sedi nents, and we found fromneasuring the lead in these
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sedi nents how nmuch | ead had been passing through the oceans and
depositing in these sedinents. Now | ook, there's two ki nds of
lead: There's a soluble lead that’'s in the water—+t’s sort of a
wat er | ead—and then there’'s lead in particles. These particles
are what the sedinents are nade out of. However, a snal

fraction of sedinments are nmade out of residues of organisns that
are living in the water and fall down. Like zoopl ankton poopi es,
and they fall down through this. And this is four mles of

wat er !

Cohen: And you’' ve got all these things com ng down.

Patterson: Yes. it’'s full of various things. And they all had
lead in there. Well, when the zoopl ankton residues got into the
sedi ments down there, there’'d be a chem cal reconstitution going
on, doing what we call formation of autogenic mnerals. It would
be a rearrangenent of that stuff over a few thousand years, and
it would rearrange itself into lattices of mnerals. You could
get the lead of those mnerals by just taking a piece of sedinent
and treating it very gently with a little diluted acid, but you
woul dn’t get the lead in the clay particles that had m grated out
fromthe rivers and then fallen down and fornmed the bul k of the
sedinents. You wouldn’t touch that lead. You d only get this
little tiny amount of |ead that had been in the zoopl ankton,
because that soluble |ead collects on the outside of their little
bodi es. Those guys had gathered up this soluble | ead, and they
knew the greater formation of these sedi nents, because old Ed

[ Edward D.] Gol dberg down at Scripps in La Jolla had come up with

a beautiful concept, and he’d worked out a dating technique. It
was a Scripps operation, but it was a big, gigantic one. | don't
know whet her this was paid for by the governnent or by the oi
conpani es, or by both. It was sone big drilling project called

the Mbho,and it was sonething that had never been tried before—
Wal ter Munk and those guys. They had a ship, sitting out there,
and they’d lower drills down through four mles of water, and

then they would bring these cores back up. The cores were down
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at Scripps, and we got segnents of that stuff. They canme from
all over the Pacific. There was a pattern, scattered throughout
the basin of the Pacific. So we could see what was com ng from
China, what was coming fromMNorth Anerica, what was comng from
South America, at different tines. Different stuff came at
different tines, depending on the climte.

Now [ isten, this isn’t over thousands of years or even
hundreds of thousands of years. | nmean, we’'re tal king about
mllions of years. So we were |ooking at this stuff.

In addition to dating this stuff, old Goldberg and a guy by
the nane of QGustaf Arrhenius-—who's the grandson of the fanous
Swedi sh chem st [ Svante] Arrheni us—had worked out this autogenic
m neral business. Now, they didn't study |ead, but they knew
that this mneral was reconstituted zoopl ankton poop, you see.
And they had identified this mneral, which nobody had done
before. | knew that when | leached it with acid, |I'd been taking
their mneral and getting the |Iead out of that mneral, which
canme fromthe sol uble | ead.

When we neasured that, using the ages of the sedinents, we
had a knowl edge, a nmeasurement, of the rate of the past flow of
| ead through the oceans all over—and this was mllions of years
ago. So we knew the quantity, the rate per square centineter of
sedi ment surface, the bottom of the ocean, grams per square
centinmeter per year. W knew how nuch was flow ng through there.

Then | got sone data fromthe rivers. Now these were idiots
who were neasuring lead in river waters, who didn’t know anythi ng
about how to neasure | ead.

Cohen: Who were these peopl e?

Patterson: Ch, various institutions, neasuring lead in river
waters. Patterson was the only guy who knew. You saw this
picture here? Here they were. They were neasuring lead in river
waters here, and they didn’t know what they were doing and
they’'re wong. OK? And | knew that! Because | had previously
wor ked out how to do the neasurenents for neteorites.
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So | took their data for river water and I nultiplied by al
the rivers of water how nuch water there is in the oceans each
year. And | cane out with a nunber for lead that was 100 tines
greater than the anount that we had neasured that was fl ow ng
t hrough the oceans in the past.

| thought, Something is wong here. Are these guys w ong?
O is there really that nmuch lead com ng into the oceans today?

So at that tinme we were working out nmethods for taking what
we call a profile. A ship would sit there and it would | ower
sonet hing and grab sone water, hoist it up, and then it would
| ower it deeper and hoist it up. W’d collect water up and down
for vertical mles, and we neasured it.

Cohen: Did you have sonebody on the ship doing this? You
weren’t on the boat yourself?

Patterson: Yes, | was! And | got sicker than a dog!

Cohen: So you did go out on the boat to get the water.

Patterson: You bet | did! | didn't know what the hell | was
doing. | hated it! | got seasick. dd Hans Suess, he would go
on a ship down there, and he’d wal k across the bow and vomt over
the other side, because he' d get sick just wal king across. Well,
| was about the same way, but | wouldn't vomt until | spent
about a day on it.

We |owered this stuff down and hauled it back up. And we
got profiles. Now, a profile. . . . Here's the top of the
ocean, here’'s the sedinents. You |ook at the concentration; how
does the concentration change with depth? W found a huge
increase in the upper portions of the oceans, which decreased to
| oner concentrations with depth. Now, why is that? Wy should
t he | ead be so high?

Now, the waters don’t mx that rapidly. And the waters up
here are nmuch younger than the waters down there. It takes a
long, long tinme for themto mx. So | made sone cal cul ati ons.

http://resolver.caltech.edu/CaltechOH:OH_Patterson_C



Patt erson-32

What about the lead in gasoline? If you took all of the ocean—wae
only had a profile for just part of the Pacific, and actually
part of the Atlantic, later—but if you took those profiles and
you extrapol ated fromthat over all the world s oceans, the
anount of | ead equal ed what was bei ng produced fromgasoline. It
could easily be accounted for by the anpunt of |ead that was put
into gasoline and burned and put in the atnosphere. W had nore
tons put in the atnosphere fromlead gasoline than we coul d see
in the upper part of the world s oceans right there.

And that’'s what caused the problem The oil conpanies were
financing ny work. We're in serious trouble.

Cohen: Even Harri son Brown woul d have trouble with that one.

Patterson: Ch, he did! And that’'s when he disassoci ated hi nsel f
fromme. He stopped getting noney fromthe oil conpanies, and |
had to start getting it myself. | wote a big paper, and | said,
“This lead is comng fromleaded gasoline.” Wam They stopped
my research. They not only stopped funding ne, they tried to get
the Atom c Energy Conmi ssion to stop giving ne anythi ng—they were
still giving nme some noney. They went around and tried to bl ock
all ny funding. But I’mso stupid that | didn't know |
couldn’t do anything about it. Harrison could have, but he was
out of it then.

| needed noney, a |ot of noney, because since | got this

i dea about | ead com ng fromgasoline, | wanted to | ook at the
record. Were do you see that record? You see it in the snow
that never nelts in the polar regions. It comes out of the air,
which has lead in it. Lead is in the snowflakes. |t goes down,

and you have a layer there. Next year you have anot her one.
Cohen: Did you already have these cores?
Patterson: No. No way whatsoever. Look, sonme of ny coll eagues,

i ke Sam [ Epstein], never stepped out of the |aboratory. They
woul dn’t know what it would be like to go on a boat and coll ect
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this water. Wiat | did was, there were sonme new types of
governnent projects being sponsored by the National Science
Foundation. The International Geophysical Year was one.
Harrison Brown had started a |lot of these. And then there was
al so sonet hi ng about oceanographic things. And our governnent
started pouring noney into that. This was in the sixties.

What | did then was, instead of Harrison financing ne, |
woul d go to other universities and work, and there would be the
Harrison equi val ent of professors there, who could tal k. They
had silver tongues and gol den tongues. And we would put in
cooperative proposals. | would be the super scientist who woul d
get the data for them and they would submt the proposal

Cohen: \Where did you go?

Patterson: | was here! |In cooperation. These other guys would
wite the proposal, and our names would be on the joint proposal.
And part of the noney would cone to ne, part of the noney woul d
cone to them M scientific work would support the continuation
of that work. So they would keep getting noney. And they would
be paid for this.

Cohen: Who were sone of these people that you worked wi th?

Patterson: Oh, let’s not worry about that. They were in various
uni versities around here.

What happened was, | started working up north, at the North
Pole. | flew up there. | had sone Japanese col | eagues cone
here. And this noney paid for their salaries while they were
wor ki ng here as visiting postdoctoral fellows and that sort of
stuff. And it paid for ny laboratory. It was an enornous
expense.

Look, we had to collect the concentrations of lead in the
snow up north, and it was 1,000 tinmes |ower than the
concentrations of |lead were in the “pure” |aboratory water in
nost | aboratories. | had to nmeasure concentrations that they
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couldn’t neasure. |In other words, these scientists were using
the purest water in the |laboratories as a baseline, and they
couldn’t go below that level. That |evel was 1,000 tinmes above

the levels | had to neasure in the water in the snow up north.
had to see variations of that with tine and the techni ques for
doing that at these |levels were not at all devel oped. At that
time, | required a block of snow about two feet in three

di mensi ons—a two-foot cube of snow. And then we had to dig
shafts down—200 or 300 neters deep—+o0 go back in tinme, to go back
to, say 1700 A.D., or sonething, to get these bl ocks of ice over
a period of tine to see what was happening. And | had to have

t hese huge gigantic plastic containers to hold this ice, to nelt
it, sothat | could bring back all this water fromthese various
depths. And then we anal yzed the water here. But the vol unes of
water were gigantic! | nean, we had these ten-gallon containers
with water that started as two-by-two-by-two-foot bl ocks of
nmelted snow. But those canme fromeven | arger blocks, where we
sawed it out of the walls of this tunnel while we were wearing
acid-clean plastic gloves and suits and using clean saws. W'd
shave off all the layers and then get themin there. And then we
had to haul themup out of the tunnel, all encased in these
special big containers. And then put themin the hut that was up
there and warmthemup until they nelted. And then drain them
off into these jugs.

Now, all of that equi pnent was cl eaned back down here, in
vats of acid. It had to go through three stages of cleaning, and
then it had to be all sealed up in plastic and flown up in these
gigantic cargo planes. [Laughter]

Cohen: How many people did you have working on this operation?

Patterson: | had kids—summer students—working with me. Up north
it was Caltech sumer students, and down south it was New Zeal and
sumrer students. But the mlitary paid for the transport. It

was the army engineering up north, and it was the Seabees or navy
down sout h.
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Cohen: Now did you arrange all of this yourself?

Patterson: | arranged it, but the paynment of this stuff—you know
| can’t really renmenber how this was financed. God nust have
arranged for ne to get this noney in sone way or other, because |
certainly didn't have the ability to convince people to do this.
Anyway, we got it. The noney was there, and there was a
lot. So we collected the snow up there, and we brought it back
here and we anal yzed it and found huge concentrations of |ead
i ncreasi ng over the last centuries, since the 1700s until now—
about a 200- or 300-fold increase in the concentrations of |ead.
And these concentrations were so infinitesimally small conpared
to what other people were used to neasuring that no one el se
could verify this. It was inpossible. It was beyond their
ability by factors of thousands, or tens of thousands. So no one
could verify what we did. So it was sort of sitting there for a
whi | e.

Cohen: But you believed it?

Patterson: Yes, but | certainly lost all ny funding fromthe oi
conpanies. And at the sane tine, | had proposed a concept that |
call biopurification, which has to do with what the natural |eve
of lead should be in people. And it worked like this: You start
out by looking at the calciumin our bodies and asking, “Were
does that cone fron?” You track it back—you | ook at the food
that we eat, you |ook at the organisns that nmade that food, and
you keep goi ng down the food chain until you cone to plants.

Then you go down to the earth, to the ground, the soil. And you
go fromthere to the rocks that the soil cane from You follow
t hat whol e pat hway of cal cium+fromrocks to soil to plants to
herbi vores, to us. 1In going that way, it so happens that there
are calciumike trace netals |like barium but it’s very snal
abundances—a tiny, tiny infinitesimal trace conpared to cal cium
Bariumis like calcium but it’s chemcally different. For one
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thing, it’s a very massive atom It has different chem ca
properties than cal ci umnot grossly different, just enough
different so that bariumis poisonous as hell. When we evol ved
through all these mllions of years of evolution, nature devised
an excl usi on nmechani smfor handling this. Each of the organisns
in this food chain has to have cal cium but nature evolved a
process for the exclusion of bariumwhen they take cal ci um
There’'s a positive transport for calcium in other words, there
are certain kinds of proteins that grab ahold of the cal cium and
pull it. Well, they don't do that efficiently for barium
Barium has different chem cal properties, and these proteins
evol ved so that they don't work for barium So you have 100
units of calciumhere and you’ ve got one unit of barium here on
t he outside of the nenbrane in your gut, for exanple. How nuch
goes into the system c blood that goes to your liver? N nety
units of calciumget transported, but only about five percent of
that one unit of barium So there’'s an enornous reduction of the
bariumto-calciumrati o—bariumover calcium instead of 1 to 100
in the gut, it’s now reduced to .05 parts to 100 parts in the
portal blood that goes to the liver. You get a trenendous
reducti on.

That’s why | call it biopurification. You nultiply that
reducti on over these three or four stages, going fromrock to us.
And | was able to nmake this cal cul ati on because we had data from
the atom c bonb testing project, where they were | ooking at
radi oactive barium and radi oactive strontium They' d do a test,
and there would be fallout. And they ' d |Iook at the ratio of
t hese things—+adioactivity now—+o the calciumin the hay that the
cows ate. And then they would | ook at the cows mlk. The
barium | evel went way down, because of this very factor that |’ m
tal king about. There's a pass through the nucosal nenbrane of
the gut of a cow, and this radioactive strontium and bari um woul d
be left behind; it would go through this exclusion nechanism So
| had an idea about what those factors were.

Now, it turns out that |ead—and | didn’'t know anythi ng about
this; | had to digit out. And | went to the Harvard Medi cal
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Library; | was a visiting scholar at MT. | was invited to give
| ectures on the age of the earth stuff. They invited me to give
all these | ectures about |ead and the age of the earth to the
students. Qur famly noved there; we were there for a year. And
you know what, instead of worrying about these lectures on this

| ead isotopic stuff, this was when | devel oped this concept of

bi opurification, and | wasn’t supposed to do that. | was
supposed to be working on these | ectures on the evolution of |ead
in the earth

Cohen: So you didn't do it?

Patterson: Yes, | didit, but not very well, and they hated ne.
One tinme they invited me over to Harvard to lecture on this
stuff. And | said, “W know what the |level of prinordial lead in
the solar systemis. Look, it’s OK The nobst recent—= [tape
ends]

Begin Tape 2, Side 1

Cohen: So, you were nmaking a bad nanme for yourself at MT and
Harvard. About what year was this?

Patterson: You know, | can't renmenber. The early sixties.
Anyway, | said, “The heck with this. You don't have to worry
about the age of the earth—prinordial lead. It's OK ny nunber
is OK. You don’'t have to worry about it. Because the new data
fromthe solar spectrum show that | ead dom nates; the solar
occurrence of lead is 1,000 tinmes the solar occurrence of
uranium So there ain’'t enough uraniumin there to alter

| couldn’t have nmade a serious mstake, so it’s OKI | nean, the
earth is as old as | said.” Then |I said, “Look here’s what’'s
really inportant—ow | ook at this.” And | gave this new data
about biopurification. [Laughter] | said, “Here is the |ead-to-
calciumratio in rock. And here it is in our food. And I
measured sonme of it. And here is the ratio in us.” Now, it so
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happens that lead is in our bones. Mst of the lead in our
bodies, it goes with cal cium

Cohen: The lead cones in with cal ci unf

Patterson: O course it conmes in with calcium And it’s
distributed in the body nuch Iike cal ci umAot on a nol ecul ar
basis; there are different proteins, but over all, in a general,
nor phol ogi cal distribution, it’s in our bones, OK N nety-nine
percent is in our bones.

So therefore | knew what the lead/calciumratio is in
average people today. But they nmade m stakes. They couldn’t
even neasure |lead properly in bones, but | used their data
anyway. So | had the ratio going fromrocks to food to people.
And do you know, the ratio of lead to calciumin people was about
the sane as that in rocks?

Now, | conpared that with barium | said, “Now | ook, this
has got to be wong. Here is the bariumto-calciumratio in
rocks.” | got this fromthe atomc bonb stuff. They neasured

bariumin our food, and they neasured bariumin our bodies. They
had to neasure, because they were neasuring radi oactive barium
So | had this data fromny old atom c-bonb evil people.

[ Laught er ]

And you know what? The bariumto-calciumratio in rocks was
way up here. It was actually 100 tinmes greater—t dropped in our
food, and it dropped in us, by a factor of 100. And | said,
“Look, lead and bariumis wong. The bariumratio shows that
| ead should be 100 tines less than it actually is in us today.

We are being poisoned by |lead. And guess where it is comng
fron? Look at the ocean. You see this curve with all this |ead
up here? That's comng fromtetraethyl |ead. Wy do you think
it took nme all these years to neasure neteorite |lead properly in
the | aboratory? W are as contam nated as the |aboratory.”

They thought that was a pile of crap! They sai d—ho, they
didn’'t say, they thought and said | ater—=Patterson, would you
pl ease start worrying about science instead of this health crap.
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VWat a waste! Here you are, you neasured the age of the earth,
and you're worrying about tetraethyl lead. And this stupid stuff
about |ead in bones.”

But | was right. The bariumratio went down a factor of
100. And you know, when we finally actually nmeasured it—+t took
about twenty-five years to do this accurately—+t’'s a factor of
1,000. You see, | predicted it was a factor of 100. | was off,
the wong way. [Laughter]

Cohen: So they didn’'t invite you back.

Patterson: Ch, they liked nme, it was all right. They were even

t hi nki ng about putting nme on the faculty, | think. But | came
back here and | told Bob Sharp [then chairman of the D vision of
Ceol ogy], “1 ain't leaving here. M laboratories are here and |
want to stay here, and the heck wwth it.” He raised ny salary,

because he was afraid I was going to | eave. That’s when
started going to the poles to get ice and started going to

vol canoes and neasuring | ead com ng out of vol canoes, and

devel opi ng conplicated devices for getting seawater. Look, the
ship is covered with lead, and it’s oozing |lead all over the

pl ace as it noves through the water, so there’'s a |ocal

contam nation problem How do you neasure seawater froma ship
in the mddle of the ocean, if the ship is spewing |ead all over
the place? W had to devise these very special devices.

Cohen: \What was your notivation at this point? Wre you
thinking in an environnental sense?

Patterson: No, | was not! Science, science, science! | want ed
to know, What is this natural level of lead? | didn't care two
hoots about verifying what the contam nation was. | was forced

to nmeasure the contamnation in order to arrive at what was the
natural |[evel

Cohen: So you were not being driven by environmental issues
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what soever ?

Patterson: | was not. But there were friends and col | eagues who
were environnentalists, and they used ny work. M work was used
to get the lead out of gasoline. As a matter of fact, | wote a
paper on this biopurification concept [in which] | said, “W have
100 tinmes nore | ead than we should have.” And that’s when

really got shot down by the oil conpanies. But when other people
around | earned about this, they seized upon that, and that was
used by them “Well, here is scientific evidence suggesting.

"  You see, they wanted to get |ead out of gasoline. So it was
instrunmental; this was the inpetus that began providing the
scientific foundation to get |ead out of gasoline. Because
before, all they had for evidence was people who were being
poi soned in the factories. The governnent was taking el aborate
precautions, which they forced industry to foll ow when they
started doing this in the thirties. Howto protect people nmaking
this lead tetraethyl. Do you realize that one drop on your skin
of pure lead tetraethyl wll kill you? One drop! It takes about
two or three weeks, and you die with clinically simlar synptons
to rabies hitting the central nervous system It passes the
menbrane that gets into the brain, and it poisons the brain. And
it takes about two or three weeks, and you're dead. One drop.

[ Laughter] And you know, people wash their hands in this stuff

[gasoline]. And do you know why not hi ng happens? Because it’s

nore soluble in the oil in the gasoline than it is in the |ipids
of your skin. And so you only die slowy fromlead poi soning.

So the governnment was protecting these workers. And that
took care of it. It was only in the manufacturing process that
you worried about the toxicity of lead tetraethyl. Once it’s
out, it’s in gasoline and it’s oily stuff. D d you know that
when you ship lead tetraethyl fromthese factories, it’s handl ed
just like it’s a poison-gas weapon? Wre you aware of that? The
railroad tank cars, they're all sealed and protected until they
get to the refineries where the lead tetraethyl’s m xed with the
hydrocarbons. This is super poison gas. It’'s handled very, very
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carefully. W don't do this anynore, but we did, and this was
the way it was done. Now we put it in ships and then ship it
south to the Southern Hem sphere. [Laughter]

We also went to the tops of nountains to neasure |ead
| evels. Harrison was out of it then. He was no longer in this.

Cohen: So who here at Caltech did you work with?

Patterson: | brought in postdocs fromvarious countries and
universities. They swarnmed in here. This was the necca, where
peopl e cane in and out.

Cohen: \Who becane your protector? Bob Sharp?

Patterson: As a matter of fact, he tried to protect ne fromthe
oil conpanies. Yes, he did. He did his best. | went to the
Nati onal Science Foundation, and he may have hel ped there. They
knew |’ d neasured the age of the earth, and since they were nore
scientifically oriented, they could understand this stuff. So |
got sonme nmoney fromthe NSF for quite a while. And then

shifted to NIH [ National Institutes of Health] and HEW [ Heal t h,
Education, and Welfare] and that sort of stuff. And then this

| nt er nati onal Ceophysical Year. But | had coll eagues who were
not working with |l ead but who were working with other things that
were related to | ead—ether el enments or other aspects. And we put
in proposals together to get support for collection procedures,
the costs of fieldwork, and then | could add ny | aboratory and ny
salary and ny visiting coll eagues.

Cohen: So it was a |lot of cooperation with a |ot of people.

Patterson: Yes. And then they could use ny findings as a

gl ow ng exanpl e of what was being done by these cooperative
research projects. Because other people couldn’'t neasure these
nunbers; it was extrenely difficult. And they had to cone to ny
| aboratory fromall over the world to find out how to do that.
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Then, after they had | earned these things, they could go back to
their | aboratories and then gradually start to do it for

t hensel ves, you see. But it took years for this flow back and
forth, for these kinds of things to develop. That’s how | got

funded; it was by this cooperation. O course, |’ve been turned
down t hroughout the years. |If | wote a proposal with science—
down, no way, out. It had to be the way these people could talKk.

It had to sound reasonabl e, even for the National Science
Foundation. Actually, the NSF gave me sonme research noney just

for pure science. | struggled along with them for—

Cohen: Well, but | think your work was already quite recogni zed.
Patterson: No, no. Well, | don't know. As far as measuring the
lead in snow, | think it was 1980 before people—+twenty years

| ater—+hat people finally began to. . . . Wth nmy work, it

al ways seens to have taken two decades. By that tinme, | was

teaching people in the | aboratory—people from Engl and, from
France, from Australia, and from Japan—and they began to be able
to acquire abilities to do this. The Russians, never.

| went to Russia one tinme. Under the Communist regine it
was i npossible to do good science in Russian |aboratories. |
went to visit sonme of the people over there. They respected ne,
and we |iked each other, but they couldn't |eave their
| aboratories to conme work in mne, and they couldn’'t do the work
thensel ves. It was pretty bad. But except for that, with the
French, British, Japanese, and Australians, it was easy.

Cohen: So you continued on with this work?

Patterson: Yes, this includes |and areas, too. Not just oceans,
vol canoes, and the poles, but also the | and areas—pl ants and
animal s and high mountains. And finally we got a picture. Now,
this is before the cadavers and the ancient |Indian bones. W got
a picture that confirned and clearly showed that Earth's entire
bi osphere was heavily contam nated with industrial |ead, emtted
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into the atnosphere fromsnelters and from aut onobi | e exhaust.
And that urban areas were further polluted by other sources of
| ead bei ng noved around-sol der in cans and this sort of stuff.

Well, that was clearly established. At the sane tine, | had
been investigating the history of the production of |ead. Now
Shirley, these historians, they ' re not scientists. There are
hi stori ans of science, but they don’'t do any science. But | did
work with some marvel ous British archeol ogi sts who had marvel ous
i deas. There were one or two Anmericans, also, who could take
archeol ogi cal data and understand the scientific inplications of
this stuff interns of not just climate but the factors that were
effective in establishing new devel opnents in cultures. Sone of
t hose guys are very good.

| would parasite on sone of their attitudes and concepts to
devel op an understandi ng of the devel opnent of netall urgical
techniques with respect to I ead and how | ead was involved in
that. | went back 9,000 years when all this netallurgy began,
and finally lead cane into the picture two-thirds of the way
along. And then | showed how | ead was related to the devel opnment
of coinage in nmetal. And then business. | made quantitative
cal cul ati ons, based upon data that were available fromhistorica
records, of productions of |ead. These dated back to about 1910
and 1920s and |later. They would go into ancient G eek mning
areas, and they would rework the stuff. Because there was silver
in the |lead stuff, and they wanted the |l ead also. So we had
guantitative data for how many tons of these waste heaps they
wer e using.

Cohen: Let ne backtrack a bit. Wen you started to do this
hi storical work, were you still doing other work?

Patterson: OCh, yes, it was simultaneous.

Cohen: So how nmuch of this was sort of your hobby on the side?

Patterson: It wasn't a hobby; that was science, buddy. | was
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buri ed passionately init. It took part of ny tinme. | worked
out ways to estinmate from ancient data how nmuch | ead had been
m ned by the G eeks and by the Romans.

Cohen: \Where did you get this data?

Patterson: In this devel opnment of the age-of-the-earth business,
about twenty years later, one of the scientists—ene of ny

col | eagues—ane al ong and said, “Patterson, you didn’t neasure
the age of the earth. W did!” You see, they were working on
this all this time, to prove that | was wong, and they couldn’t.
But they said, Well, it was their measurenments that established

t hat nunber, not ne. And he said, “God gave you that nunber.”
And | said, “Claude, God didn't give ne that nunber. |’ mnot a
religious person. 1It’s highly inprobable that there would be a
m racul ous thing that I would discover this nunber. It’'s

i npossible.” | said, “Cl aude, here’s what you do. You guys get
together, wite a proposal to fund ne so | can live on an estate
in southern Italy. And then you give ne questions to ask; | wll
ask God. CGod will give nme the answer, and I'I|l tell you guys.
But while I'mliving on this estate.” [Laughter]

Cohen: Who was this that you were telling this to?

Patterson: Caude Allegre; he’'s a French guy. He was
di sgrunt| ed because sonehow God had gi ven nme that nunber
[ Laught er ]
Anyway, this mracul ous nunber that | got—you asked ne how

got these nunbers. It was hideous! Back and forth, and up and
down. Look, there were [no records] directly. There were none
saying, “Well, the Romans produced so nmuch lead.” | had to

figure it out indirectly, about five different ways, things put
together in a | ogical sequence until you arrive at production.
One of those, for exanple, was, How long did a silver coin |ast
once it was mnted in Roman tinmes? How would you go about
figuring that out? Well, | had to start with silver coins. Wat
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is thelife of silver coins in the United States today? W have
some data. You may not know this, but the U S. governnment had
required certain national banks to take the coins in the bank—so
many thousands of coins—and count them and | ook at the dates on
the coins. They had to do this for a whole year at various

pl aces. And fromthat data—knowi ng the quantity that had been
mnted in a given year—they had these banks all around the
country neasure the abundance. Fromthe frequency distribution
of the coins, you could do a mat hematical equation and find out
how |l ong they lasted. So |I knew what the half-life of coins was
in the United States today. So then | could work back, and | got
sonme data from Engl and, and | got some data from Canada. Look
you had to nmake corrections. Wat would the corrections be for
robbery and pillage and | oss on boats that sank, that sort of
stuff. | went through all of this. | cane out with a half-life
of silver in the Roman era of thirty-five years. A half-life
means, if you start out with 100 silver coins, how nmany years
before half of it’'s gone? Thirty-five years.

So in about eighty years, virtually all of the silver stock
upon which the power of the Roman Enpire depended was gone—and
these historians, they don’t give tw hoots about this. | wote
sonme papers about this stuff, and the only people who cared about
it were Tinme magazine and a few other people. Historians didn't
give two hoots for the fact that it was coi nage that was a
crucial factor in allow ng business to operate, which in turn
di vided the power responsibility of the nobles into separate
entrepreneurial segnents and broke the political power structure
that existed in the Sunerian and Babyl oni an and Egyptian tinmes
before. The Greek Enpire invented coinage around 700 B.C., and
bam You had busi ness, and why? Because the nobl es each becane
busi ness entrepreneurs and they had to have the power and they
had to divide up into equal representation of their various
powers within that social power structure. And no nore did you
have a powerful enperor. That was gone; it disappeared. But in
this new environnment, art, philosophy, mathematics, these things
were allowed and nurtured into separate social institutions. You
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coul d actually have a phil osopher who is nothing but a goddamm
phi |l osopher. You couldn’t do that before in this pyram dal
structure.

And this was all because of coins. And where did the coins
cone fron? Lead.

Cohen: So the silver was just a little bit.

Patterson: It was just a little tiny bit [in conparison to] the
lead. So we’'re |ooking at one of the world s greatest evils
bei ng the nother of science. [Laughter] And do you think these
hi storians would pay the slightest bit of attention to this?
Nobody gives two hoots about it.

So | calcul ated what was the rate of production. | went
back in time to estimate for various factors, and this is one
exanpl e—the half-life of coins. So | got this curve for the
production of |lead, and | published this twenty years ago—around
the 1970s. Well, sonme of ny colleagues that |1'd been teaching
how to analyze lead in polar snows, they got together. | dug the
shafts back to around the Industrial Revolution. | wasn't able
to go back to 2,000 years ago, the tinme of the Romans and G eeks.
So | couldn’t nmeasure what the | ead concentrations were there.

And then, the ice cores that | did in 1980, they were too
old. This was way, way down bel ow 2,000 years ago.

So this French guy, he and ny Australian coll eague and a few
ot her guys got together and said they d use these new techni ques,
and they neasured what the concentration of |ead was during Roman
and Greek tines, through cores, using the techni ques that we had
devel oped in ny | aboratory here. Guess what their curve was as a
function of time? It fell right on top of ny |ead production
curve. | had published this curve. And then they called ne up
and said, “Pat, we’'ve got your curve. It’s the sanme damm curve.”

How woul d you have felt? Do you think I was proud? No!

You know what | said? “That proves for 2,000 years we have been
unabl e to understand the evil that we are doing to ourselves and
t he bi osphere.” Because you see, this | ead was com ng out of the
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Greek and Roman snelters into the atnosphere, going around the
Earth, part of it working its way up, and was incorporated in
snow that fell at the North Pole. And you know what? Two

t housand years ago, they knew about |ead poi soning. They could
associate the ill poisoning effects with |ead, but do you know
who was affected by it? The slaves working in the mnes and
snelters. And who gave two hoots for those slaves? They were
war prisoners and they were crimnals. And they lived about five
years. | made cal cul ati ons about that: How many died in the
Roman mines. There were mllions over a period of 200 years.

So ny response to this was. . . . Do you think it was one of
feeling proud? No way! | knew the damm figures were right in
the first place, but OK this is proof. And you see, this is the
ot her thing. Wen they |ook at what Patterson has found out, and
they say, “Ch, this is true because of this work here that we’ ve
got,” they’ve elimnated a huge contribution to lead in people
and children fromlead in soldered cans. | was right there when
they started, and you know, the people who nmanufactured wel ded
cans wanted to make ne an executive in their business. They were
so grateful that the government shifted over to wel ded cans.

It’s initially a nore expensive can. And getting the |ead out of
gas, the sane thing

That is not a victory! W haven't acconplished anyt hing.
It’s way back, when the Romans were mning the stuff, they
shifted it to the slaves. W haven't |earned a thing about this.
We haven’'t |earned why we think and do these evil things. And
that’s what lies behind the story, and that’s why |I'’min human
consci ousness today. Because | |ooked at this picture, and |
asked, “Way did we do that? Wat were the factors that caused
thi s?”

Cohen: Let’s get on with our chronol ogy here. You continued
this work through the 1970s?

Patterson: Yes, the calculation of production and all that
stuff. W haven't gotten to the cadavers and the Indian bones.
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CLAI R PATTERSON
Session 3
March 9, 1995

Begin Tape 3, Side 1

Patterson: 1'd like to talk alittle bit about the last fifteen
years or so of ny work, which has focused nore on what is the
| ead content of people. You see, before that, we were | ooking
about the environnment—+the oceans, the atnosphere, plants, and
animals. So | began to focus nore on what about the lead in
peopl e t hensel ves.

The main problemthere is, you have to know whet her or not

the | ead we have in our bodies today is what we call “natural.”
By natural, we nmean that which was in human bei ngs 20, 000 years
ago, when there was no | ead technol ogy of any kind. 1In order to

try to get that measurenent, meke that conparison, one thing that
peopl e have consi dered doing, or tried to do, is to | ook at
anci ent buried bones. But what nost of these people didn't
understand when they did this is that fromthe standpoint of
t her nrodynam cs—+the chemi cal stability of various conmpounds—
there’s lead in soil noisture that conmes in contact with these
bones. The lead in the bones is contained in what we call
cal ci um phosphate crystals. The bones would absorb | ead fromthe
noi sture sinply because the cal cium phosphate is not as stable
chemcally as | ead phosphate. So if you bring lead in solution
fromthe soil nmoisture into contact with the cal ci um phosphat es
in the bone, the calciumw ||l be displaced by the |ead, and
you’' ve got | ead phosphate.
So over thousands of years of burial, you end up with nore
| ead, tons of lead, in the bones which wasn’'t there to begin
wi t h—whi ch masks the biological |ead that used to be there. And
this is what we di scovered. There's hundreds of tinmes nore | ead.
So how do you deal with it? Wat we did first was | ook, and
it so happens that there are apatite crystals of different sizes
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in the body. Sone apatite crystals have a very small surface-to-
mass ratio, and those are the ones that are in the enanmel of your
teeth. And then there are other crystals that have a very | arge
surface-to-mass ratio, and those are in your ribs. Then we have
some that are internediate that are in your |ong bones—the fenur,
for exanple. So what we did was to take people |iving today,
whose bodies were in nmedical repositories.

Cohen: Now you’'re saying “we.” Wom are you speaki ng of ?

Patterson: Always it’s | and ny coll eagues.

Cohen: Were these geol ogist types? O nedical types? O
ant hr opol ogy types?

Patterson: No, they were chem sts working with nme from ot her
uni versities, and here as research technicians. These are
academ ci ans.

So we went to the nedical repositories and we got bodi es,
and we took out their teeth, we took out segnments fromtheir arm
ball s and segnments fromtheir ribs, nmen and wonen. W had a
dozen or so of these people. W brought this material back to
the | aboratory; we analyzed the lead in these things. And this
est abl i shed the biol ogical differences and bi ol ogical |evels of
| ead.

Then we went and got ancient Indian bones that were
t housands of years old, fromtw different sites in the
sout hwestern United States, where | knew from archeol ogi cal and
ant hropol ogi cal information that there had been no netals or
snelting or making of glazes for ceramcs. And we anal yzed the
same things—the enanels fromthe teeth, enanels fromthe | ong
bone, enanels fromthe ribs. And what we got was a relationship
of different anounts of |ead being added to the bones and the
buri ed bones, depending on their size. |In the people of today,
they all had about the same concentration of lead in them But
do you know where that cluster of |lead was? It was 1,000 tines
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hi gher than the relationship to the lead in these |Indian bones.
O course, it rose in the Indian bones to conme within mybe a
factor of 10 of what this cluster was. But it never got that
high in those bones, and it varied by a factor of 100 within the
different types of bones thensel ves.

We went through a lot of analytical figuring out. W | ooked
at barium al so—both bariumand lead in these bones. And | ooking
at the bariumto-lead ratio, the lead-to-calciumratio, we were
able to work out mathematically a whole lot of stuff. That way,
we coul d then understand what nmade up the tiny residue of
bi ol ogi cal | ead, which happened to be in the enanel of the teeth
of these anci ent peopl e-what was the natural concentration of
lead in their bodies. Because we showed fromthe cadavers that
it would be the sane today. And that’'s where we got this 1, 000-
fold difference.

Now, | had predicted, decades before, [that] there was a
100-fold difference. Well, it turned out it was a 1,000-fold
difference. This is for the average person living in the United
St at es t oday—ow of course there’s a variation there. And that
1,000-fold difference is only a factor of 4 smaller than the
concentrations we know that you have in your body when you are in
the hospital with sone acute form of |ead poisoning of one kind
or another. You go from1,000 to 4,000, you go to the hospital.
Well, what about from1l to 1,000? Shouldn’t there be sonething
wong with you there?

| nyself didn’'t ask at that tinme when we made these
di scoveries. Many of ny colleagues i medi ately junped on this—
not the people working with ne but scientists who were concerned
about the environnment and about people being hurt by all this.
They wanted to use this informati on—and they di d—+o reduce the
effects of | ead on people and the environnment today. This is
inmportant in getting |lead out of gasoline. It was crucial in
getting | ead out of food-can solder and getting | ead out of
gl azes. Actually, now they' re getting | ead out of paint.

But | nyself asked, “What is the neaning of this? How did
we think? What led us to poison the earth’s biosphere with
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| ead?” Then I, therefore, shifted to trying to figure out how we
t hought .

Well, this is [when] | evolved this new concept of human
consciousness in ternms of pathways—neuronal circuitries—that are
used within the brain to think in two major different nodes. And
what |'ve come up with is a utilitarian type of abstract
rationalization. Now, this is not | owdown |evel, first-order
type thinking. This is, “Ch, | have a problem Now, how shall
solve this problen?” You re confronted with a problem so you
t hi nk about different types of solutions. And there’s a logic
involved in this type of thinking, so it’'s abstract
rationalization thinking, in response to environnental chall enges
of various kind.

The new concept is: One response is a utilitarian type of
t hi nking, and the other is a nonutilitarian type of thinking, in
t he sense that one type of thinking is where you're involved in a
conflict with the environnent. You're trying to solve and deal
with conflicts in the environnment presented to you by the
envi ronment —soci al , physical, all kinds of things |ike that.

The other type of thinking is: You re not in conflict,
you're trying to understand. The individual brain sees
sonet hi ng, or becones aware of sonmething, and it asks, Why? Not
“How can | solve this challenge?” But “Wiy is that? Wy is a
drop of water spherical ?”

Cohen: You’'re tal king phil osophical ?

Patterson: No, it’s nonutilitarian. Yes, of course, it could be
phil osophical; this is one subunit of that type of thinking.
Artistic thinking, that is also it. It is the type of thinking
that is involved in true science, the type of thinking that’s
involved in the fornmulation of religious nyths. In other words,
religion, art, science, philosophy, history—all these are
nonutilitarian types of thinking—provided you re not an economc
hi storian, you see. Provided you' re not involved in nedical
research to discover a cure for cancer. That is utilitarian
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thinking. That is not what | call true scientific thinking,
which is just for understanding for its own end.

| got into this when | first neasured the age of the earth.
No one cared about it. Even today, people don’t care how old the

earth is. In fact, less today than forty years ago, when
nmeasured it.
Now, why did | come up with this? Well, first of all, | got

into this because | had worked out some of the basic know edge
concerning | ead production over the past 10,000 years, the

metal lurgy that led to the production of lead. 1’ve taken other
people’s information and put it together into a story related to
lead. | actually worked out the production of Roman | ead.

Extrenely conplicated and very sophisticated, and I worked al
t hat out.

But this also got nme to understand the relationships between
social interactions and—n this particul ar case—+the netal |l urgical
devel opments and netal |l urgi cal technologies. By golly! For
exanpl e, historians haven't paid the slightest bit of attention
to the fact that the need for getting silver out of |ead is when
| ead production really began—when they wanted the silver to nmake
coins. The G eeks discovered coinage. As | told you before,
this is crucial. This is a fundanental aspect of factors related
to the devel opment of the thinking. | discovered in all this
work that there's a crucial difference in the archeol ogi cal
evidence for the New Wrld and the Od Wrld and correspondi ng

stages of devel opnent of cultures. 1In the New Wrld, in the
music, there are no chords. In the dd Wrld, there are. But
the stages in nmetallurgical devel opnent are identical. They are

identical, over 5,000 years in two different places. There are
three maj or stages and substages. These are not single people
doing this; it’s not even one generation. This is over 5,000
years in both places, doing the same stupid things! But not for
musi c, not for cosnogonies, not for |anguage. Therefore, it’s
obvi ous that although the brain thinking often follows different
patterns within these two cultures, when they think utilitarian,
they think the sane. And if they are the sanme, then the networks
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that are used are tight, frozen—+ call themhardwired. But the
networ ks used for nonutilitarian thinking, since in the

devel opnent of the brai n+the HSS [ Honb sapi ens sapi ens] brai n—
t hrough homi nid evolution over the past five mllion years, the
utilitarian type of abstract rationalization is crucial to this
evolution. But not the nonutilitarian thinking, the neaning of
sonmething. Wiy is a drop of water round? That wasn’t hel pful in
order for the tribe to endure. But it was helpful in the
followi ng way: There was a cohesiveness, a binding, that was
related to that type of thinking, which was expressed in terns,
say, of nyths, of cosnbgonies. |In other words, religion. It
sort of bound the tribe. And those tribes that were held
together nore strongly by that type of thinking were nore
successful in surviving than the ones that were nore erratic and
i ndependent, individualistic. Therefore, there was an

evol utionary factor in the devel opnent of this ability, the
potential to think in this nonutilitarian way. But it wasn't so
hardwired. And that’s why we see a difference in the Oiental
background and the Caucasi an background. There has been a
genetic drift between the two popul ati ons.

Cohen: \Where is the stage where you present these ideas in your
field?

Patterson: Just in recent years, | published a paper presenting
this idea. And when | was devel oping this concept, | talked with
Roger Sperry about this. And he said, “Pat, go to it! Wite

your paper. This sounds pretty good.” You see, the idea is that

di fferent neuronal networks are used for these two different

t hi ngs, because if you had the sanme neuronal networks, then not
only should the technol ogy be the sane but the nusic and

i conogr aphy shoul d also be the sanme. And they're not. And with
this denonstrated contrast, that neans that we had to have a
genetic influence. That neans it had to influence—what? And
|’ve said it influenced the neuronal networks. W have regional
differences in the brain. And that’s when Sperry and | got
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t oget her, because he was the split-brain man. | didn't get the
paper published until after he passed away [April 17, 1994]. But
now | have some brain people interested in that idea. And they
said, “Pat, you have to nodify this.” So |I’mworking on this,
and trying to redevelop this. I’mworking on this now, but in
the followng way: This is a fundanental foundation to do nore.
Nanely, to try to elaborate to the very primary begi nnings for
youngsters starting out in different fields—n history, in

phil osophy, in religion, as well as in just science itself—to try
and introduce scientific types of approaches to understandi ng
these topics. The words that |’ musing are not understood by
present historians, by present theol ogians. They don’t know what
" mtal ki ng about, because there was a | ack of comunication. So
|’mgoing to try and wite and comruni cate with young peopl e,
whose mi nds haven’t been frozen yet.

Cohen: Where are you going to find these young peopl e?

Patterson: |'mjust going to try and wite it. | don't think
"1l live long enough, even to get it finished. [1'Il try. You
see, they have to | ook at what are the causes and the factors.
You have to go back and look at it scientifically—the historical
devel opment of our thinking. W have to go back 9,000 years. W
have to contrast the two main different cultures that we see in
the New Wrld and the dd Wrld. And then we have to take
segnments. It’s easy to take netallurgy—+t’s a material thing.
You see, science today has al ways been focused on the materi al
worl d. So the academ cians in other fields—+the humaniti es—say,

“Well, science, that’s not the real thing. W want to go with
human consci ousness. It has the spirit.” And you see all these
t hi ngs about, “Well, it’'s the spirit that counts. It’'s not this
reductionist logic by the scientists.” But it is the stupid

reductionist logic by the scientists, which is true, that has

arrived at the point where we can | ook at ourselves in a way that
t hese other guys who are truly stupid can’t do. Because they do
not have a logic matrix, a matrix of logic that depends upon its
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devel opnment in the way that science does. The logic matrix of
science is 2,500 years old. There isn’t any logic matrix of art,
or history, or anything that is that old. There's just chunks
and pieces of it floating around, unrelated to each other. |
want to introduce a coherence. | want to take those things and
have sone young peopl e take those things and bring them back and
start tacking themonto the logic matri x of science and branch
out fromthere.

Cohen: So this is how you envision your work now?

Patterson: Yes. And through witing, and perhaps through sone
| ectures, and so forth, I mght get sone of this started.

Cohen: So you'll be here part of the tine, and up in your place
in The Sea Ranch [near Santa Rosa] part of the tine, doing this?

Patterson: Yes, both places.

Cohen: So you're no longer in the |aboratory. You re now
working in the world of ideas, using your scientific background?
s that correct?

Patt er son: Yes.

Cohen: Let’'s discuss sone of the honors that you' ve received and
whi ch have neant sonething to you

Patterson: Well, half a century ago, when | cane here, | had a
reverent regard for the Nobel Prize. See that picture of Urey
there? See the other guy up there? He's a very fanous
physi ci st, cosnol ogi st. Anyway, these guys, Nobel | aureates,
knew they were good scientists and | respected them And
therefore | respected the Nobel Prize, because of that. But this
award and honors business, I'mjust not. . . . Wll, OK In the
basi c operations, it is a manifestation of sonmething worthy in
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sci ence—anely, a bonding. It’s an activity that tends to bind
together. | say, it is an activity. Only part of this activity
has that property of welding and bringing together and

strengt hening and | eading the scientific conmunity to go on,
giving it vigor and power to proceed. It is the work by the
col | eagues to get those prizes awarded that’s really inportant.
They have to go around and they’ ve got to argue and fight and
guarrel and try to convince other people that what one of their
menbers has done is worthy. So it’s sort of a manifest trying to
say, “Look, what we’'re doing is great, and here’'s a person who's

doi ng what we’'re doing and therefore should be recognized.” So
it’s a welding type of operation.
On this Tyler Award, for exanple, | nade a slide of all the

peopl e who had worked together on this stuff before the award was
made.

Cohen: This is an environnental award, isn't it?

Patterson: Yes, an environnental award. You know, the nane
Patterson is lost in the cluster of people involved in that

thing. It was a community effort of people working together,
believing in each other, and devel opi ng each other’s ideas, and
putting things together. It isn't a single person.

Cohen: No, but it doesn't take away fromthe pride of having
gotten the award.

Patterson: | don't have any pride, I'msorry to say. | have
zero pride in any award. All | feel is obligation, obligation,
and obligation. |I'msorry, but that’s ny personality. | feel
obligated and obliged. Wwen | was down in the Antarctic, | was

kind of crusty and did things, but now nmy work has been
recogni zed per se in the Antarctic. They naned a nountain peak
after me. They’ ve naned an asteroid after ne.

Cohen: Instead of the word “pride,” can | use the word
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“pleasure,” gratification?

Patterson: No, not gratification. No, it is an awareness of the
wor t hi ness of a communal spirit of science. |It’s not a personal
thing at all.

Cohen: But it’s still the person that gets the award.

Patterson: That doesn’'t make it personal. It’'s sinply a

mani festation, as far as |’ mconcerned. Now, | have coll eagues
who are intensely personal about this stuff. They are gratified.
But | amnot. And that’s the way it is. Period.

Cohen: Can Laurie be proud of you?

Patterson: Oh, yes. But it's very difficult for her to get
along. | certainly wouldn’'t marry nyself if | were her. Bless
her heart. [Laughter]

Cohen: You were elected to the National Acadenmy of Sciences sone
years ago [1987]. D d you have any feeling about that?

Patterson: Yes. Instantly |I focused ny anal ytical propensities
on the function and operation and nature and quality of the
Acadeny. And the Acadeny didn't rank very high. The defects
out wei ghed the positive aspects by many orders of magnitude.

[ Laughter] Sone really em nent scientists have resigned fromthe
Acadeny. But | didn't want to resign, because | think there are
a |l ot of good people in the Acadeny who are trying to do sone
worthy things. And ny nentor, Harrison Brown, he worked hard
trying to do what he did. He acconplished a | ot of good things.

| think the Acadeny needs gigantic reshaping. [Laughter] But

how nmuch tine do | have? |I'mtrying to save the world. If
could help save the world by renodeling the National Acadeny of
Sciences, | would do that. But | don’t know which is nore

inmportant to do first. [Laughter]
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The Acadeny needs reshaping badly. You see, | participated

i n Acadeny operations, the National Research Council, which has
functions that involve solving probl ens—social problens the
government needs to have solved, that sort of stuff. | don't
know whet her you’ ve seen sone of the reports they’ ve issued.

Sonme of themare totally . . . . GCh! Have you seen the |ast
article put out? The second revision by the National Acadeny, on
what is a scientist? 1’|l tell you it is totally, conpletely,

absolutely wong. The people who wote that are not scientists.
They do not know what science is. That’'s one of the things wong
wi th the Acadeny. They go around and pick out these—they’ re not
menbers of the Acadeny who do this stuff.

Cohen: So you're a nenber of the Acadeny, which is the highest
honor a scientist can have in this country.

Patterson: There's an obligation there, though. And so you | ook
and you find out what’s wong with these things, and you find out
they’'re terribly wong. 1It’s coupled with an obligation.

|"mthe only guy to have turned down a professorship at
Cal t ech.

Cohen:  Now why?

Patterson: You can’t tell fromny answers to all the other
stuff? | think the goal of tenure of young scientists is wong
for scientists. It's totally inproper to seek tenure as a goal.
VWhat you're seeking is the exhilaration, enotion, of discovery,
of an understandi ng—that’s what you re seeking. You are not

seeking tenure! Al right? So therefore, |like a fool that I am
| said, “No, I will not. This is wong.” Well, that nade
everyone angry. But that’s the way | am

Now, at the end of ny career here. . . As a faculty nenber
they took care of ne all along, and then finally, at the end,
they said, “Well, Patterson, would you please sign off as a
prof essor, and then things will be all right.” So I said, “Al
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right, 1'll sign off as a professor.”

What | said is that they should grant limted tenure—ust a
decade or so—+o0 young people, so that they're free to nake stupid
errors and nmake silly asses out of thenselves and not be fired
for ten to fifteen years. Then, at the end of that period, they
woul d conme back to peer review. There would be no people tenured
for the rest of their lives, only subject to peer review to see
how you’ re doing. Look, after tenure, nost of these guys just
| ay back.

Cohen: But you can’t just throw themout in the cold.

Patterson: Yes, you can. The peer review woul d make t hem shape
up. But the whole thing is too bureaucratic. And |I'’mwong; it
won't work. So | said, “To hell with it!” [I’mnot that kind of
person; | can’'t handle this type of stuff. Here |l am |’ m going
to save the world, but | don't know how to do it. So how the
hell can | do it?

My relationship with ny coll eagues here is one of. . . . |
tend to be. . . . I'"ma very withdrawn person. You saw ny office
her e—doubl e wal |, doubl e door, double w ndows, no sound
what soever. | | ook out over the nountains. But this solitude
needs to have a foundation of interpersonal relationships with
your colleagues. It has to be there, otherw se you can’'t go on.
| remenber Sam Epstein, who's been ny colleague for the |ast
forty years. Ten or fifteen years ago, he got sick on sonething.
| went roaring into his office. | said, “Sam you cannot be ill
with this sort of stuff. You are obliged to remain healthy and
stay alive while I"'malive. Now, | don't give a damm if you die
after I do. But before then, |I’'ve got to have you around. Don’t
get sick!” | yelled at himlike that.

There is this need, you see. They have to be there. But |
ama solitary person

Cohen: You nust have sonme good feeling for this institute for
allowing you to live this way.
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Patterson: OCh, yes. The institute has a whole |ot of things
wong with it; everything has sonething wong with it. But
because this institute existed, | existed. Had this institute
not existed, | would not have existed, and that’'s a fact.

Cohen: You don’t think there woul d have been anywhere el se where
you could have lived this |ife?

Patterson: No. | would have been a nol ecul ar biol ogist at the
Uni versity of Chio, fighting, unhappy, quarreling, and not being
able to acconplish anything. Caltech provided this environnment

i nadvertently; it didn't do it intentionally. It was just there.
It just happened to be coincidental, and quite advantageous to
the whole thing. It was a magnificent opportunity.

Cohen: Probably a synbiosis, one gave to the other.

Patterson: Ch, of course. Well, everything is opportunistic and
environmental |y determ ned. Look, I'’mstupid, all right? [I'm
not some brilliant person. I'ma little child. You know the
enperor’s new clothes? | can see the naked enperor, just because
I"'ma little child-mnded person. ['mnot smart. | mean, good
scientists are like that. They have the m nds of children, to
see through all this facade of all this other stuff that they
know i s stupid nonsense. They just don’'t see it the way other

people see it. So, |I'mnot smart.

It’s only circunstantial. That’s why |I don't feel any
honor; 1 don’t recognize honors. Because it’'s not there; |’ m not
qualified to be honored. 1It’s accidental.

Cohen: And you're just the vehicle for these things to have
happened; and the nanme Patterson is on them [Is that what you' re
sayi ng?

Patterson: No, the individual is crucial. You see, everyone of
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us is different. W have these crucially inportant, significant,
totally unique contributions that each individual can nake, and
envi ronmental circunstances determ ne whether or not that
particul ar individual can make that contribution. And in ny
case, it was true. That doesn’t nmean other people don’'t have a
simlar potential. There's a variety of different kinds of
contributions that people can make.

Cohen: Not having been a professor all these years, you ve
probably not been allowed to teach.

Patterson: Yes, | have. Not being a professor doesn’'t nmean you
don’t teach. | didn't give a damm for the title. | functioned

as a professor.

Cohen: Did you enjoy teaching?

Patterson: O course! | did alot of teaching. But | amnot a
good teacher in the following sense: | don’t pontificate. |
interact with students in a class. Mst of ny coll eagues are
like me in that we’'re not very good . . . . OK, |I'’m probably

medi ocre as far as being a classroomteacher, but there are sone
who are exceptional as classroomteachers. Now, the real
teaching is to bestow or endow the fire and the passion in your
students to go on. To create new scientists. Now, sonme of ny
col | eagues have had a marvel ous power to do this. | regard
nmyself as a failure in this regard. But | did better working
with visiting young professors fromother foreign and donestic
uni versities, who already had the fire. | considered ny students
as coll eagues. We worked together, shoulder to shoulder. And
when you do that, you sort of take away the opportunity for

i ndi vi dual awareness of the glory of discovery, of enotion. |
shoul dn’t have shared it with them | should have allowed themto
experience it individually. And then that fire would be better,
nore effective. So the people | worked with best were young
people fromother institutions that |learned fromne. They
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already had the fire, but then it becane inflaned. They knew
which direction to go, and then they took off |ike rockets. But
that wasn’t ne. They were already set to go; all | had to do was
light the fuse.

These col | ege students and younger kids—there’'s where the
real teaching is. M wfe, Laurie, was that kind of a teacher
She tended to know how to do that. And you know, we never
under st ood each other. Each one of us would tal k about our
stuff. | would go visit her classes. But she was structured and
shaped the way that her students—

Cohen: But she worked with younger students.

Patterson: But that's crucial. That’'s where you begin, to work
wi th these young brains. That’'s a crucial time. That’'s when
started, in this little old town, when | built my owmn chem stry

| aboratory. And that’'s the kind of teacher Laurie was—hone of
the rote business, sit there behind a desk and get up and wite
on a chal kboard, this sort of nonsense. So, | was not that great
kind of teacher. But in firing already young scientists-to-be,
did pretty well that way.

Cohen: Wuld you have anything different if you could do it
agai n?

Patterson: Well, there’s a Nobel |aureate poet, [Al bert] Canus.
He wote an essay called “The Myth of Sisyphus.” It dealt with
sui ci de—about being alive or dead. |’ma manic depressive, of

course, because |I'’mvery, very depressed overall, all the tine.

But being alive physically is only a manifestation of being alive
enotionally for 100,000 years. You see, we don’t die really.

[ Laughter] Physically we do, perhaps. But we're part of a
whole. W’'re a unit; we’'re Honpo sapiens sapiens. W are brain
containers. This thing generates thinking and enbtions. Here's
the inportant thing, up here. Now, right now, the way things are
right now, the enotions within an individual brain can't be

http://resolver.caltech.edu/CaltechOH:OH_Patterson_C



Patt erson-63

communi cated. You don’t know the enotion of the artist who
conposed that nusic. W do not know.
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