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KESTENBAUM (Nati onal Public Radio): Thanks for giving us an hour. |
feel like an hour of Dick Garwin's tine is very highly val uable.

When National Public Radio interviewed Edward Tel |l er, when he was
alive, he brought a stop-watch. He tined all his answers so that they
woul d be exactly 20 seconds so no one would have to edit them
(laughter). He was very afraid of being taken out of context. This
will be unedited.

| actually wanted to start with Teller because before he died, he had a
heart attack which apparently put the fear of God in him He picked up
the tape recorder and started dictating for history. One of the things
he said is that you deserve credit for designing the hydrogen bonb.

WIIl you tell the story of how that cane about?

GARWN: As you heard | was in Los Alanos for the first sumrer in 1950.
| spent the first week in the classified library and | earned all about
nucl ear weapons

KESTENBAUM Just a week (1 aughter)?

GARW N A week, yes. Then | found that a |lot of effort had gone into
bui |l di ng a hydrogen bonmb spearheaded by Edward Teller-- | didn't know
all about that at the time, | learned nuch of it later-- and that it
was based on cross sections that were ten years old from Tom Bonner of
Texas. So | began an experinment to get some nobdern cross sections at

| ow energy. The Laboratory picked that up when | went back to the

Uni versity of Chicago in Septenber and nice experinents were done. But
when | arrived in 1951 | asked Edward Teller (who was al so a Professor
at the University of Chicago, but | didn't see much of himthere, he
was traveling) what | could do. He explained that he and Stan U am had
had this idea of radiation inplosion (that's a long story too). But
everybody thought it would work, contrary to the classical super, and
he wanted to be absolutely sure-- to have an experinment that would

| eave no shred of doubt. So he asked me to devise such an experinent.
So | went away and | tal ked to people what they thought about this and
cane back in alittle while with a detailed sketch of what turned out
to be the MKE device. | worked with Iiquid hydrogen and deuteriumin
nmy nucl ear physics work at the University of Chicago and so naturally I
coul d make this thing out of deuteriumand hydrogen. It (MKE) wasn't
a problemat all. It turned out to be an 80-ton nonster but it wasn't
deliverable. | nmade another one that was deliverabl e because ny work
was done by August or so. It was taken up and fired | ess than 15
nonths after May 1951, which involved bringing together thousands of



peopl e, a task force, manufacturers, getting all kinds of diagnostic

equi pment, to some of which | contributed. So that's the story of ny
part in the hydrogen bonb. | wasn't the inventor, | was sort of the

architect.

DAVI D KESTENBAUM  What was tricky about putting it together?

GARW N In all of these things there are many options and what's
tricky about it is naking decisions, finding your way through this

t hi cket of options when everybody wants to do nore research. Everybody
wants to optimze what's going on. I'Il give you another exanple.
Fast-forward, not only did | help build nuclear weapons, but in 1953-54
| was detailed to work half-tinme in Canbridge, Massachusetts with Jerry
W esner and Jerrold Zacharias and others on extending to the sea the
air defenses of the United States agai nst Soviet bonbers and so we

wor ked on this so-called Project LAMP LIGHT. And that's what

i ntroduced ne to the Washi ngton scene and to what was to becone the
President's Science Advisory Conmittee, for which | chaired many
security oriented panels. And by 1965 | had been invol ved intensively
for seven or eight years. {That year}, during the Vietnam War, we had
a session at which one of my panels had in sequentially the Chief of
Staff of each of the military services-- Arny, Navy, Air Force,

Marines. The Mvarine Corps general said his greatest w sh, greatest
need in Vietnam was rockets to transport his Mrine squads to where
they needed to be. And we asked him please to get real, what could be
done before the war might end? And he said well he really needed to
know where these squads were so that they could use artillery fromfire
bases and not destroy them So we told himright on the spot, here is
the answer; we can do it in a nonth.

Everybody has a high-frequency radio-- a PRC-25. W had LORAN-D {a
100-kHz navi gation signal} over all of Vietnam but the receiver-
conputer was a box of about 70 Ibs. But all you really need to do is
with your high-frequency radio, take the little ferrite antenna out of
alittle transistor radio and put it on the front end, so the high-
frequency radio (PRC-25) will radio to the fire base the raw LORAN
signal s thensel ves wi thout processing them You plug that into a
standard LORAN receiver-computer at the fire base, they know

i medi ately where the squad is. |If they like to they tell them but at
| east they don't lay artillery fire on them

So, | told you about nmking decisions-- the Navy, which has a | ot of
technical |aboratories, held a neeting. Six |aboratories attended with
ei ght concepts. By the tinme the Vietnam War ended seven or eight years
| ater not one of them had been inmplenented. |If they had just taken our
approach which was eninently doable, maybe not optinum they could have
done it within two or three nonths.

KESTENBAUM  You were very young when you worked on the hydrogen bomb--
twenty sonet hi ng.

GARWN It was 1951, so | was 23.
KESTENBAUM Did you have any concerns that it really would work?

GARWN: Sorry?



KESTENBAUM  Were you worried that it... did you have concerns that it
m ght not work?

GARWN.  No. That's the chance you take. Do your best, you check
everything twice. People had |ooked at it very critically; it was an
outside idea, {not} fromthe laboratory. |In fact, the cryogenicists
there refused to hel p because they were all worn out in providing the
cryogenics tools for an experinent in the 1951 series. And so | gul ped
and | did the cryogenics engineering nyself. And Ferdi nand Bri ckwedde
fromthe Bureau of Standards was tasked with devel oping the 500 liter
per hour, 1000 liter per hour {deuterium and} hydrogen liquifiers.

| was only part-tine. | was there three nmonths, four nmonths, a year so
people didn't tell nme much of what was happening in ny off tinmes and
Bri ckwedde the next year said indeed they have built this thing--
hydrogen bonb-- and the thernmal leak rate was |less | had predicted.

KESTENBAUM So it was Novenber 1, 1952 the 11-ton MKE test happened.
Did you see it?

GARW N | haven't seen any nucl ear explosion; | hope never to see one.
| don't need it. | have a good imagination. | just |ook at the

pi ctures, and | never did want to take the time to go out to the
Pacific-- or even when they were noved to Nevada-- didn't see the

point in seeing.

KESTENBAUM | know that, because we had a short conversation yesterday
or this evening, and I was thinking-- | can't inmagine another-- | don't
know anot her scienti st

GARWN. |'mpretty calm

KESTENBAUM But it's sonething you designed and sort of hel ped put
together. Wuldn't you want to go see if it worked?

GARW N No (laughter). | had done ny part.

KESTENBAUM  And when you'd heard that it worked, did you feel \Wew or
did you feel a bit of, you know, | am beconme death a destroyer of
wor | ds?

GARWN.  Neither. And in fact really that same week or so anot her
i nvention that | had worked on with Carson Mark-- and | think Ted
Taylor-- was tested it; it worked too. | felt better about that

because nobody el se thought it would work.

KESTENBAUM Do you feel like you are actually enotionally sonmewhat
unaffected by it? It was just another problemto be sol ved, soneone
el se woul d have done had you not ?

GARWN:. That's exactly right. |If | don't do these things sonebody el se
will doit. It nay take a lot longer; it will certainly cost a |ot
nore (laughter).

KESTENBAUM | spoke with your daughter and | said what was it |ike you
know being the girl whose Dad desi gned the hydrogen bonb-- because
know a friend of mne whose Dad designed the trash can he has done



quite well. And she said "I had no idea until | read it in the New
York Times."

GARWN.  Well that's right. There was just never any opportunity to
tal k about (Il aughter).

KESTENBAUM Do you nean no time or it just didn't conme up over
br eakf ast ?

GARWN No. For along tinme it was very secret. And | had plenty of
things to tal k about at the breakfast table. Actually at the 40th
anni versary of Los Al anps, which was 1983, where the fact of hydrogen

bonbs was not secret anynore, | did speak about my work. Most of the
peopl e then, and certainly at the 50th anniversary in 1993, had no idea
that | had been involved in these things. | was at Livernore one day

and sonebody there had been recognized for his contribution to stable

i sotope tracers in nuclear explosions and | comented that | had
witten a paper about that in 1950 at Los Alanps. And they were

i ncredul ous, but they got on the classified FAX and wi thin half an hour
they had ny paper. But there are a lot of these things. They are just
little things that cone and you do them and you nove on to somet hing

el se.

KESTENBAUM  You have said that if you could wave a wand and neke it so
bonbs were inpossible, you'd do it. On the other hand, in this very
roomnot long ago | saw Sig Hecker put up a slide show ng by sone
neasure that wars had generated |less fatalities since bonbs are
avai | abl e, and that they have hel ped keep the peace. What do you nmke
of that.

GARWN. | think both are true. But the problemis that devastation
when nucl ear war conmes, with tens of thousands of nucl ear weapons that
we and the Russians have, will be the end of civilizations. And we've
wor ked very hard and | hope with some success at preventing that.
Maybe it's been just dunb luck but a Iot of people in this room have
wor ked hard too, and now | think what needs to be done is to reduce
fromtens of thousands to hundreds of nucl ear weapons in the world.

One of the secondary but very inportant -- in physics you know you
have the first order of t hi ngs, then you have second order, and in
many types of physics second order is less than first order. But
that's only because those are the ones you can calculate. In a
ot of the real world the second-order effects are even nore

i mportant than the first-order effects. One of the nobst inportant
aspects of reducing from 10,000 or nmore to a coupl e hundred nucl ear
weapons will be the notivation of our Adm nistration, our Congress, and

our people to make sure that other people don't acquire even a few
nucl ear weapons. Now it's all too frequent to hear that it's okay |et
t hem have a few, we have 10,000, we are superior. But we don't have a
ot nmore cities than other people. Qur people aren't nore proof

agai nst nucl ear expl osions than other people. It's a real problem

KESTENBAUM  You have worked wi th Pugwash for a nunber of years. Their
goal is the elimnation of all nuclear weapons. Do you think that's
achi evabl e?



GARWN  Well in fact the United States is a signatory to the Non-
Proliferation Treaty and that has right up front nuclear disarmanent,
but in the context of general and conpl ete disarmanent which | never

t hought was feasi ble. People put too nuch enphasis on nucl ear

di sarmanent {alone}. So | don't think that is going to happen in the
near term |If we could have a security systemthat woul d nake the

el i mnation of nucl ear weapons possible, | would favor it. But | put ny
effort on greatly reducing the nunber of nucl ear weapons and
restraining themperhaps with a nulti-national, maybe internationa

hand on their use.

KESTENBAUM  So maybe you have the U.N... hand themover to the U N or
sonme organi zation like that?

GARWN  Yes. 1've witten about these things and, of course, when you
do such an inportant thing it has to be worked out in great detail. It
can't be everybody in the United Nations votes on it. It has to be an
Executive Council. The Security Council... the present formof the
Security Council isn't right. There are a lot of details there. But
let's get down to a few hundred nucl ear weapons in national hands and
see what we can do about regional security, about getting other people
i nvol ved and that may in fact reduce the incentive that non-nucl ear

nati ons have to acquire nucl ear weapons. But at the sane tine we have
to do a lot nore in prohibiting terrorist nonstate acquisition of

nucl ear weapons which becones all nore and nore feasible because there
is all this weapon usable material around especially in Russia but also
in Pakistan and in the civil nuclear power sector

KESTENBAUM  So actually you said in an interview recently that you

t hought we had been |l ucky that there hadn't been a nucl ear bonb go off
in an Anerican city and that you thought-- that terrorists hadn't
gotten hold of one-- you thought that that woul d probably happen in the
next few years.

GARWN:  Yes, | think there is 50% probability to have such a nucl ear
explosion in the next four or five years. W ought to be doing what we
can to prevent it. W ought to be doing what we need to do to keep the
damage that it causes l|ocalized rather than destroying the whol e

soci ety because of the foolish concentration of fundanental elenents...

KESTENBAUM Those aren't great odds. 1'd nove to the suburbs.
GARWN: | don't like it, but that's nmy view

KESTENBAUM  Can | ask you anot her hypothetical, which is suppose you
can change the [ aws of physics so that nucl ear weapons were not
possi bl e and neither was nucl ear power and the rest of the world

woul dn't get screwed up by changing all this. | saw you working

t hought the al pha, the fine-structure constant.u

GARWN.  Well, to give up nuclear power, yes we could give up nuclear
power. It provides sonmething |like 16% of American electrical power and
it's about the same ampunt worldwi de. France has 80%or so. It's
potentially conpetitive. It has its own problens. |'min favor of

nucl ear power so long as it's technically feasible which it is. But it
needs constant care and | don't know that we always provide that.
Certainly other people don't. So the nore recent version of the book



t hat Norm Neureiter showed "Megawatts and Megatons," published in
France in Cctober titled "De Tchernobyl en tchernobyls" says unless the
nucl ear industry shapes up as it says it has to, the Tchernobyl

accident is going to be replicated. |In addition you have the problem
of terrorist acts against reactors that needs to be faced. So there is
a lot that needs to be done and that runs up the cost of nuclear
power-- not so nuch, but it neans that you have |look at it.

KESTENBAUM | want to talk a bit about your role as a Science Advi sor
to just about everybody. | was reading through an interview you had
done and you tal ked about this nuclear test which was technically, |
suppose, done in space-- Starfish Prine-- above the atnosphere.

didn't realize this, but it is my understanding is that it was expected
that the electrons would return sort of quietly to Earth and in fact a
ot of themgot stuck up in the Van Allen Belt. And President Kennedy
was upset about this because he had a plan for putting astronauts on
the Moon and this was going to send themthrough a very dangerous
radiation field. And you got called in to explain to himwhat was
going on. Could you tell us about that story.

GARW N The Starfish test was 400 kilometers-- it's well into space--
fired fromJohnston Island, July 1962, 1.4 negaton yield, so a hundred
times the Hiroshim bonb-- it was a hydrogen bonmb actually. And people
had reviewed it. | hadn't been involved in the planning sinmply because
| was doing other things. And it was expected that because of the
relatively low altitude the fission products that woul d conme out and
decay into electrons would be at a sufficiently low altitude so that
even though they would get out (there wasn't any atnosphere there) they
woul d follow the magnetic |lines, they would come back on the other

side, they would be nmirrored and come back, but they would be at a | ow
enough altitude that the turning point would be such that they would be
lost in a few weeks. And it was realized that astrononers m ght see
some radio noise, but it wouldn't provide a lot of radiation to
astronauts.

VWl |l they mssed the point-- | probably would have too, had |I been

i nvol ved-- that when you have a nucl ear explosion in space you get a

| arge conducting region, a plasna. And it's in a converging region of
magnetic field so it squirted up |like toothpaste froma tube. And so
it goes up to a thousand kilonmeters and there, after some seconds, the
fission products decay and so you get energetic electrons ejected into
the Van Allen Belt and their turning point is way up there where there
isn't any air at all and they last forever so far as their behavior as
i ndi vidual particles in a magnetic field is concerned.

But peopl e who had approved the test from PSAC were on vacation and so
| was called in (PSAC- the President's Science Advisory Conmittee) for
two weeks to anal yze what was going on. And really there was not a | ot
of science known. So | discovered Carl ME wain in California and

| ear ned about L-shells and such things and tried to make policy sense
of it. Russian cosnmonauts were up and the first thing we needed to do
was to determne what the |likely radiation exposure would be so that we
could tell the Soviets to bring these people down if they could
prematurely before they were destroyed by radiation. But we nmanaged to
figure that they woul d have a neasurable, but tolerable, radiation
dose. In fact, when the cosnpbnauts cane down they actually read their
dosi meters on the reviewing stand as | recall.



That was okay, but several satellites died because of the high energy
el ectron exposure. That wasn't in the plan. And indeed there was so
nmuch radi ati on that passing through the Van Allen Belt woul d have given
astronauts a lethal dose on the way to the Moon and back. And so Jerry
Wesner, the President's Science Advisor, took nme to see President
Kennedy. Carl Kaysen cane al ong, he was Deputy National Security

Advi sor, and | think the head of the Atom c Energy Conmi ssion, G enn
Seaborg. So | expl ai ned what was goi ng on

KESTENBAUM I n the Oval Ofice?

GARWN:. | think so. Kennedy was nobst concerned. | told himwell, you
know, | was working on orbiting uraniumfoil to scatter this stuff out
of space, and whatnot, which is entirely feasible. But it turned out
that there are Iightning and other natural phenonena that excite the

el ectrons and dunp themout of the Van Allen belt a lot faster. So it
took only nonths instead of years and so they vani shed all by

t hemsel ves.

Carl Kaysen tells the story that Kennedy had asked ne a question and

said well, you know, order of magnitude. He had never heard that so he
rolled it around his tongue for awhile and said to d enn Seaborg, "So
d enn, when you tell nme | should believe sonething, | should believe it

to the order of magnitude. Right?" (laughter).

KESTENBAUM  Was that your first time speaking to a President of the
United States.

GARW N No. | think that |I had spoken to Ei senhower.

KESTENBAUM  You' ve done sone research on the Kennedy assassination
tapes over the years. How cone?

GARW N Well, President Kennedy was assassinated in Dallas, November
22, 1963, and The Warren Conmi ssion said he was killed by Lee Harvey
Gswal d acting alone. But a lot of people felt there was a conspiracy
and that it was so unlikely that all these things would happen, that it
couldn't be possible. Now, of course, everything is unlikely. What
was the likelihood of your interviewing ne tonight with all these
peopl e here? Zero. It happened (laughter). And then in 1978 and 79
t he House of Representatives convened a Special Comittee on
Assassinations and toward the end of its tenure it asked Bolt, Beranek
and Newnan to |l ook at the Dallas Police Departnent radi o conmunication
recordi ngs that had been known to exist, to see whether perhaps the
shots were recorded on these recordings-- on office dictation

equi pnrent. One channel on a Dictabelt enmbossed in plastic and the

ot her channel on a Gray Audograph di sk, again enbossed in plastic |like
a turntable-- like a record.

Wel |, Bolt, Beranek and Newran found what they felt were inprints of
the shots, and using a technique that had been pioneered-- tine

di fference of arrival-- in the Kent State shootings by the Nationa
Guard, they |ocated the mcrophone that recorded this in the notorcade
with reflections fromthe various buildings in Dealey Plaza. And that
was confirmed by Weiss and Aschkenasy of Queens College in New York

The Justice Departnent and the FBI didn't believe this was true so they



asked the National Acadeny to convene a committee to study this.

Nor man Ramsey, a physicist of Harvard University, was our chair. Luis
Alvarez and |, and Paul Horowitz were sone of the menbers of the
Conmittee and we began to study the statistics-- howlikely is it that
all the noise on the tape (there was a | ot of noise on these

recordi ngs) could by accident conspire to give you nice results.

In the mddle of this we heard by letter, before the days of Email and
FAXes, from Steve Barber, a rock nmusician in Mansfield, Chio. He had a
report of the House Committee on Assassinations published in Parade, or
something like that, with a little flexible plastic disk of the

rel evant five mnutes of each channel the police departnent recordings.
And he says, you know, where the shots are supposed to be, just in
those few seconds, | hear a little faint voice saying "Hold everything
secure” and when | listen to the other channel | hear very clearly,
"Hol d everything secure until hom cide and other detectives can get
there." Cbviously if sonebody is broadcasting "Hold everything secure"
as a result of the assassination, it can't be at the tine of the shots.
So we dropped our statistical efforts and we worked on trying to
determi ne whether there was in fact this inprint of the "Hold
everything secure” there. First we did it by |ooking at voiceprints and
studyi ng them by hand and eye and then | and two | BM col | eagues did a
conputer anal ysis-- really making conputer inmages of the voiceprints
and stretching themand sliding them W found enornous peak of a few
tens of mlliseconds wide at an appropriate 5% offset in speed, because
these two dictation machines were not running at the sanme speed, and we
conpared that with other inmges that were clearly on both channels.

W said, you know, it can't be that these are shots and it was very
likely this mcrophone that was stuck open for five mnutes was not in
Deal ey Plaza at all. Just recently sonebody {D.B. Thomas} published in
Science & Justice, a British nmagazine, an attack on our work claim ng
that there were sonme things said on other copies of these tapes that
weren't on our copies-- so inpugning our efforts.

KESTENBAUM So it's not as if you have been obsessive, it's other
peopl e have been.

GARW N Ot her people. Norman Ranmsey picked this up and he started
responding. We finally did sonme really nice work. W | ooked at the
details, we used the so-called Cepstral analysis-- not spectra
analysis, (I make m stakes, but | didn't nake a m stake in speaking
there.) Cepstral analysis was invented-- oh, probably in the 1950s--
by John Tukey of Bell Labs, a nmenber of the President's Science

Advi sory Conmittee.

Anyhow, we found that throughout these recordings on the G ay Audograph
di sk there was a pre-inmage-- a distortion of the groove by the

foll owi ng groove. That was the key to |let us understand exactly the
speed of all the recordings and to find this inmage and others and to
show that a word called Play (that Thonas said we m ssed because it was
on one of the other recordings and not on the two that we chose to use)

didn't exist at all. It was the elision of 3.60 seconds precisely, by
a ski p-ahead of the needle in the playback. Really Play cane from"Get
those trucks out of the way." Cutoff the "ay" and start inplosively,

"ay" sounds |ike Play. So anyhow we have put this thing to bed again
| hope. Qur report is just about to be published in Science & Justice,



five authors. Four of the original panel (many of whom have di ed) and
al so Ral ph Linsker.

KESTENBAUM  You nentioned PSAC, the President's Science Advisory
Conmittee, and you are a nenber of the Institute of Medicine, and the
Nati onal Acadeny of Science, and the National Acadeny of Engineers, and
you' ve worked with JASON forever. How well heard is your advice these
days i n government?

GARWN:  Advice is never very well heard because you may have sonebody
who wants to hear but they are quite limted in what they can do with
it, even if it's the President. What we did in PSAC, which | thought
was very good and very effective, was to have an 18-person conmittee
which met two days every nonth. It had a dozen or nore panels sone of
t hem st andi ng, sone of the ad hoc, which typically nmet two days every
nonth al so. The panels had the very best people we could get, I|eading
specialists in the field, plus a few young people we tried to bring in
to the PSAC process, and a couple of people fromPSAC. At half-tine,
when the panels were hal f-way through their work, they m ght report to
the Conmittee for a sanity check, and then the reports were issued as
reports of the Commttee. They had to satisfy not just the panel but
the Conmittee itself.

KESTENBAUM  Was there an exanpl e where you felt you waited{worked} on
something and it really made a di fference?

GARWN.  Well it nade a difference in the Supersonic Transport even
t hough that was particularly gory. That wasn't a PSAC {panel, but one
of the Ofice of Science and Technol ogy Policy.}

KESTENBAUM And that got your Conmittee elim nated.

GARWN:.  Well, it might have. Lee Dubridge, who was President N xon's
first Science Advisor when he took office, explained to the Press that
he was creating two panel s-- one under Marvin Col dberger to | ook at
ballistic mssile defense and one to | ook at the supersonic transport,
to chair that. The panels would report in a nonth and he | ooked forward
to sharing the results with the Press. WelIl, nobody else in the Wite
House | ooked forward to sharing the results with the Press. So it's
really very awkward to have the Press asking what was the result...

But our SST panel -- supersonic transport panel-- very good people, had
a very negative report. W said that we could not at the sane tine
sati sfy the goals of the government contracts-- Boei ng and Genera
Electric-- to make an aircraft that was at the same tinme safe,
environnental |y acceptable, and profitable and so the government shoul d
admt that it's not going to satisfy those goals or it ought to cance
the program That isn't what President N xon wanted. Congress, of
course, had to provide noney. Congress knew all about this panel and
asked for the report which it didn't get. But after a year or so
decided | would testify to the Congress on the basis of the information
Congress already had. The Wiite House didn't |ike that even though
PSAC had asked President N xon specifically about the question of
testifying in regard to the ABM system-- anti-ballistic missile
system - question. And he said go ahead everybody shoul d have the
benefit of this expertise. He didn't really nean it. Hal denman and
Erhl i chman probably even less..



KESTENBAUM Do you feel like it would be nice if there was a thing
i ke that around now or do you feel |ike that advisory role is being
filled by JASON and the National Academ es and the Defense Science
Boar d?

GARWN:. Ch no, absolutely not. The nore scientific advice you have at
| ower |evels the nmore advice you need at the higher level in order to
conpete. In fact, PSAC, the President's Science Advisory Commttee,
early on was successful in creating assistant secretaryships for
research and devel opnent, or for science and technology in the various
government entities, but too often these were captured by a particul ar
department and t hey becane adept at maki ng proposals in which the
difficulties were concealed. So it got harder and harder to find out
where the bodies lay and so ..

KESTENBAUM A sol ution would be to put a physicist in the presidency?

GARWN.  No. | reconmmend against it (laughter). There are too few
such people...

KESTENBAUM It would be a waste of their tinme?

GARWN. | didn't say that. However, you need really nore horsepower
than that. And you need a whole conmittee. That's a pretty good
structure, maybe not the best. You need the panels. Need the Ofice
of Science and Technology to staff it, not just an O fice of Science
and Technol ogy Policy and a kind of conm ssion on science and
technol ogy that neets a few tines a year.

You need a powerhouse to identify problens. And even if they can't be
solved to explain what the problens are and how one has to adapt to
them And sonme of them can be solved but they won't be sol ved unl ess
we do what's required. One exanple is this flu pandenic which is
certainly in the works. Wether it's avian flu or just plain old
i nfl uenza such as the 1918 pandemic, it's going to cone sonmetine and it
wi Il overwhel mhospitals and nedical supplies. We will be left, in ny
opi nion, with public health, hygiene, and things that could very well
not just reduce the deaths from30 mllion to 15 mllion but
prevent a pandemic altogether. Because if you can get the reproduction

rate froman index case-- the first person gets the disease-- if
instead of infecting 2 or 5 nore in the next generation, 2,4,8,16, and
SO on, you can get it down bel ow one, like 0.8, you have one case, then

0.8, then 0.64 cases, and so on.

KESTENBAUM There is a direct analogy here to a nucl ear reactor
t hi nk.

GARW N  Exactly. Just because a nuclear reactor isn't doing anything
because it's shut down-- it has its control rods inserted-- you don't
pull out the control rods to use them sonepl ace el se.

KESTENBAUM We don't have any control over how virulent. That's up to
nat ure.

GARWN.  Well, no. But if it has normal virulence and so the R-naught
(RO) as they call it is 2 or 3, it's perfectly reasonable to reduce



that by a factor 3 or 5. Now if you are a health care worker and you
have to deal with ..

KESTENBAUM by quarantine and things like that.

GARW N Not quarantine. Hand washing, inprovised nasks, not seeing
peopl e when you don't need to see people. But in fact go ahead, go
about your daily life. Scorn people when they conme to work when they
are sick when we have a pandemic. |It's okay when we don't have a
pandenic. W don't get gerns when there aren't gerns to get.

KESTENBAUM Do you have advice for people in the audi ence out that who
are scientists who are interested in advising the governnent in the
capacity in being involved in technol ogy issues. You've advised both
denocratic admini strations, denocrats and republicans. Do you have a
strategy for the sort of tone that you use or... | have a sense of
your val ued because you're a conpul sive problem sol ver and conpul sive
truth teller. So that | think they feel like in you they know exactly
what they are getting. They're not getting a sort of political opinion
Do you have advice for how peopl e shoul d approach this?

GARW N That sonmewhat limts the nunber of people who want to tell you
their problenms. Many of themreally don't want their problens sol ved
They want their approach to solving the problem endorsed. But |
certainly support what Norm Neureiter said is the goal of the MacArt hur
fol ks and that's probably a better approach than suggesting that
sonebody copy ne, because | had this unique position. The only really
political (perhaps a couple of other things) thing | didin ny |life was
to negotiate with I1BMas a condition of enploynent that | have one
third of ny IBMtine free to work with the governnent on nationa
security matters.

KESTENBAUM | was going to ask about that. Wy did they allow you to
do that?

GARW N: Because | woul dn't have gone there.

KESTENBAUM Because they figured if you just used one hand to help them
t hat woul d be enough. They would be grateful for that and you could go
do what you want.

GARWN:. It canme up a couple of tinmes during nmy 40 years there.
KESTENBAUM  They woul d have |iked your full attention

GARWN Yes, and | told themthat wasn't in the cards and they just
had to decide (which is what they knew) whether what they were getting
fromme was worth what they were paying ne. And | explained to them
that probably | hel ped the overall government to the tune of a billion
dollars or sonething like that ... And IBMwas ..

KESTENBAUM Did you calculate that?
GARWN: Yes (laughter). IBMwas a fraction of a percent of the

government and that fraction {of the benefit} was a | ot nore than they
were paying me. But | didn't push it; I didn't insist that they ..



KESTENBAUM That's a heck of a raise.

GARWN.  What | dois really try to help. |[If anybody has a problem
wor ki ng for the governnent, or for a governnent contractor, and what
they are doing is legal, then if they tell nme their problemI'll tel
themright away what | think about it. Sonetines it catches ny
attention and I will try hard to solve it

KESTENBAUM  Wel |l you know that means |'m going to have to skip this
next question and go right to .

GARW N  And at the sane tinme | will use that information if | manage
matters to see their bosses or the Congress or whatever to give ny
views on the programto which their problemis attached. So if they
are working on sonething that even though it can be solved or can't be
solved and its on a programfor which there is a better approach or if
it isn't worth the noney, 1'll tell themthat.

KESTENBAUM  There are a lot of Garwin stories and there is at |east
one Garwi n joke which |I assume you know.

GARW N You' re asking ne?

KESTENBAUM Yes (| aughter).

GARW N You nean the guillotine joke?

KESTENBAUM | nean the guillotine joke (laughter). The joke is
something like it's the French revolution and you're there for sone
reason and two other people about to be executed with the guillotine.

They put the first nman under and pull up the blade and they let it go
and it stops. They say the | aw says we only have one chance to kil

you so you can go free. They put the second man under and the pull it
up and it sticks also and he gets to go free. And then Richard Garwi n
goes in and they pull it up and Richard Garwi n | ooks up and says, "I
think I see your problem (laughter). It was told to be just out there

over hors d' oeuvres.

Do you, and | think the point of that being that sonetines you wll
sol ve problenms that maybe you wi sh you hadn't or maybe it would be in
your best interest not to have solved. Wat do you make of that story.

GARWN  Well, you know it's true (great laughter). | never was about
to be guillotined, although | amsure it occurred to some people
(laughter). But it's just too hard to decide in advance. So | really
do try to help people with their problenms. |If that |eads to further
problens, | try to solve themlater

KESTENBAUM  Maybe | can cause you some problens here. One thing
wanted to do is if you had a budget authority and could kill a program
or change the budget | want to know what you would do to each of these.
The first one is mssile defense.

GARWN  Well, it's not ready. W' re spending rmuch too nuch noney on
m ssi |l e def ense



KESTENBAUM It has to be a short answer because | have a list. Kill
it, keep it going a little bit?

GARWN: Kill it and bring it back | ater
KESTENBAUM  Bunker - bust er ?

GARW N Ch, that's a nonsense program (laughter). The Congress felt
t hat the weapons coul d sonmehow go under ground and destroy the thing

down there and the fallout would be snuffed by the earth. 1In fact,
there was just an Acadeny panel which showed that wasn't so and a | ot
of independent ... anyhow it was a totally m sguided program

KESTENBAUM  Rel i abl e repl acenent war heads.

GARWN: People don't know what it is. O course we need reliable
war heads. Reliabl e replacenent warheads will be the remanufactured
war heads of the kind we have. Anything new has to conpete with those.

KESTENBAUM  How about R&D for nucl ear reprocessing?

GARWN I'min favor of that. | think that we eventually w |l depl oy
fam lies of fast neutron reactors-- breeder reactors-- we need the kind
of reprocessing that's suitable for that. But it would be a great

nm stake to go ahead with reprocessing of the |lightwater reactor fue

the way the French and British have done for the Japanese and Gernans
and that the Japanese have invested in Rokkasho.

KESTENBAUM  Because it doesn't help you?

GARW N. Because it doesn't help the problens; it costs a great deal of
noney and nakes, in fact, the problens worse. Because you could have
problens in a reprocessing plant much nore readily than with the
{direct} disposal of spent fuel

KESTENBAUM  Hunman space flight.

GARWN. | don't want to pay for it. People are going to the edge of
space commercially, that's fine with me. W fought very hard in the
m d- 1960s agai nst the Defense Departnent manned-orbiting |aboratory.
Don Hornig, the President's Science Advisor, and McNanara, the
Secretary of Defense, would discuss this. The nmanned-orbiting

| aboratory was really a euphem sm for space reconnai ssance and we did
much much better, nuch faster, without people in space.

KESTENBAUM DARPA?

GARWN. DARPA is a fine organization. Always hope it will do the
right thing. W need nore high-risk investnments in science and
technol ogy, not only in the classical realm

KESTENBAUM I n the last section here | want to talk a little bit about
problem solving. |s there something fromyour time at IBM your work
there, that you are particularly proud of? Probably all of it but is

t here sonmething that stands out?



GARWN | did a lot of work on many, many things. For instance, in
the mid-1950s | invented a whol e technol ogy of planar superconducting
conputing elenments. That never was a product. It worked fine. Quite
a few other patents and inventions. For instance, in 1993 | invented
the little accel eronmeter-controlled hard di sk so when you drop the

t hi ng-- now your |pod, or whatever-- it strikes and damages the
recordi ng nediumthe head reads the nagnetic spots, it has noved over
and parked itself.

KESTENBAUM |s that a part of them now?
GARW N:  Yes.
KESTENBAUM  Ch, thank you.

GARWN: | BM brought that out about three years ago. | don't know that
they know that | invented it (laughter). | know exactly ..

KESTENBAUM |s that a problem for you that sone of your cool est
i nventions are secret and you can't tal k about thenf?

GARW N No. Hardly any of themare really secret. There is one
nmentioned that's secret and nany of the other things. But there is so
much to tal k about that isn't secret so why would | worry about talking
about the other things.

KESTENBAUM  So you coaut hored, by our count, 500 papers | think
GARWN. | wote themnyself. The books are coaut hored.

KESTENBAUM  Matt Bunn at Harvard said often he would ask you a
guestion and you would say "Well, | wote a paper on that and here's
the reference." | actually |Iooked at your patents and | was
particularly interested in U S. patent 4,324,020. Do you know which
one that was?

GARWN: Was that the nussel washer?

KESTENBAUM  That is the rmussel washer, yes. |'d like to know about
t he nussel washer (Il aughter).

GARWN. CQur late friend, Harold Friednan, a chem st at Stony Brook
wor ked for awhile for I1BM whom | knew himfrom nmy graduate student
days at Chicago, had a house with his famly across the road from
Consci ence Bay. So Lois and | would go there and he would put on his
wet suit and get an enornmous pot of mussels and Lois and Edie Friednman
woul d spend time scrubbing them taking off their beards, getting the
sand out. But there was always sand in the pot after we had eaten the
nmussel s.

So Harold and | (it was a co-invention; both our nanes are on the
patent) deci ded that what we needed was a device that would wash the
nmussels. So it's a dual -purpose device; we took a five gallon plastic
can, glued Styrofoamfloats to its end, put in a crank. W put holes in
it (and a trap door)... So you put the nussels into it and then let it
float on the surface of the water and turn the crank. Black water
woul d cone out for about a mnute, then it would get clear; you take



t he nmussels hone {in the drunm} and cook themup. You didn't have to do
anything to them- no sand!

KESTENBAUM  You built one of these?

GARWN. W built half a dozen in order to refine the design. W tried
to sell them Very few people are in this business of gathering the
nmussel s (laughter).

KESTENBAUM | BM was not i nterested.

GARW N Mussels are grown on strings these days.

KESTENBAUM Can you talk a little bit about the work you are cited for
in that Cl A award-- sonme of the reconnai ssance? Wat were your
contributions there?

GARWN:. Sone of this ... there was a 1996 Cl A award-- the R V. Jones
Awar d- and sone of it was toward inmaging satellites beginning with
contributions to the filmreturn CORONA systemthat began to fly in
1960 and it flew until 1972.

KESTENBAUM  What did you do for that?

GARWN: | helped. But nostly | helped on the | ater generations which
haven't been declassified yet. And so in 2000, on the 40th anniversary
of the formation of the National Reconnai ssance Ofice, | was nanmed one

of the ten founders of national reconnai ssance. There are a couple of
citations and one of themis thermal and mechani cal properties of
satellites. Another refers to persuadi ng President N xon and Henry

Ki ssinger to build the electro-optical near-real-tinme reconnai ssance
systens that fly today. Like the electronic digital caneras that you
have. So instead of returning filmthey take pictures, they store
them they send themback via radio. So that's what is done. So | did
a lot of things there ranging fromspeed control of filmin sone
things. Really very interesting things. W had very good peopl e
wor ki ng on these prograns and sonetines they were extrenely cooperative
in picking up ideas.

Mostly when | tal k about nmy work with the government, nost of it is
frustration. Because if you add up all the days that | was doing
sonething, nostly it's repeating the advice that was given | ong before.
So you forget the successes which happen right away. |In one case, for
i nstance, | used a technique that | had used in sone of my nucl ear
physics work, that | used again in gravity wave detection, and that |
used in the | BM supermarket scanner. The governnment contractors were
quite proud of the work they had done on an imaging focal plane |ike
that in your digital canera, and they had gotten the el ectronic noise
down to the thermal noise-- down to kT. Couldn't do rmuch better. Just
the way the noise figure of an anplifier at 0db has gotten right down
into the thermal noise. But | realized-- | had done this work 20 years
before in another context-- that you could go far bel ow kT at room

t emper at ur e.

Al you really need to do is to read the charge on the capacitance
that's fed by each of these photo diodes (or the CCD) twi ce. You read
it before you let the light in and you read it after you let the Iight



in, but you don't reconnect it to ground. Measure it's charge. And so
what ever energy that capacitor has-- kT typically, it retains. It
doesn't change and so we were able to get to less than a tenth of KkT.
And that's like nultiplying the area of your lens by a factor ten. So
that's the sort of thing with which | am npost proud. But there are
l[ittle things. It's not that | nake bonbs, or satellites, or planes, |
make t hem possi bl e.

KESTENBAUM  That runs into advertising {?}..
GARW N  Cribbing a sl ogan
KESTENBAUM | was told that you once got a case of tennis el bow and

that it had nothing to do with tennis and everything to do with
carrying around a gigantic briefcase, and that that was a major form of

exercise-- lugging this thing around. Wat was in it?

GARWN.  Well, | would testify, especially in the Supersonic Transport
days, and it was before the days of Rolaboards. | can't inmagi ne how
long it took to connect the wheel to the suitcase (laughter)-- | was

not responsible. So | would have this big suitcase and I'd cone into
the Senate hearing roomand pull up a chair next to me and open the
suitcase. So if there was a question about sonmething, | could pull out
t he docunment. And, of course, in those days | think in testifying you
had to bring along a hundred copi es of whatever it was you were going
to present. So | was fortunate in working for 1BM even in the 1950s
and 60s, we had the chain printers with fan-fold paper, and burster-
trimmers. So | would bring hone many pounds of such stuff and the
children and my wife and | would go around the dining roomtable and
collate these things (laughter) and staple themso | could have a
hundr ed copi es.

KESTENBAUM  And was the idea that it was incredibly powerful to have
t he actual docunent there-- if you would be in sone argunent and you
woul d actually, you could say, "No, actually | have that here in ny
sui tcase"?

GARWN.  Well it seened only responsible to do that.

KESTENBAUM Like a library of sorts.

GARWN. Right. So nowadays, of course, you have it in digital form

KESTENBAUM Right. So you know have a backpack which is sonewhat
smal | er.

GARWN:  Yes. The backpack cones because | hurt ny el bow and ny wri st
by carrying these things.

KESTENBAUM So what's in the backpack?
GARWN.  Well it has nmy conputer and has typically 15 or 20 |bs. of
paper that nost of that | want to get to read, or | haven't finished

wor ki ng on.

KESTENBAUM | amtold that you type sort of constantly during meetings
and peopl e wonder how it is you also nmanage to offer advice at the end.



GARW N That keeps ne awake. If I'mnot typing | fall asleep
(laughter).

KESTENBAUM  What do you think is the |ongest you' ve been away from a
keyboard is?

GARW N And so the main reason for typing actually is not

sonetines its typing other things, but nostly it's really to find out
nore about what's going on, or to do little calculations or to wite up
responses so that | could show them These days it's very conveni ent
to snatch the | ead that goes to the projector and connect your

conputer, and show the response to whatever has been said. But in
cases where you can connect your conputer to the Internet, there is
just so nuch that can be found with search engines that can go far
beyond what people are tal king about. That's what | do.

KESTENBAUM | have anot her policy question | want to ask you. You did
a lot of sort of what I might call back-channel comunications with

t hi nk Russi an nucl ear scientists and you've al so been involved with the
Chi nese. \What have those sessions been |ike and do feel they were
productive in securing ..

GARWN:.  Yes. Thanks for nentioning it. M involvenent in such things
began with the Harvard group | ed by Paul Doty. The Doty group that net
in conjunction with the Pugwash neetings because the Soviet scientists
woul d get permission to go to Pugwash neetings, which organization
began in 1958.

KESTENBAUM  Where did you have these neetings?

GARWN  Well in the United States or in ... well the Pugwash neetings
were wherever they were. And sonetinmes they were in Sweden or Vienna
or small towns around and occasionally in the Soviet Union or the
United States. But there are a |lot of other countries in the world--
Engl and. And so the day before, or two days before, or two days after
we woul d neet with the Soviet delegation (not all Pugwash were invol ved
in this) on international security-- particularly the control of

nucl ear weapons.

KESTENBAUM  Were there other governnent officials there sort of who
wer e wat chi ng over your shoul der

GARWN:. There weren't government officials, but when this began Jerry
W esner and Paul Doty were very well connected in Washi ngton. So they
talked to the people first and they talked to them afterwards and nuch
| ater when Henry Kissinger was National Security Advisor or Secretary
of State in the N xon Administration we would go see him | renenber |
led a delegation to see Ji m Schl esi nger when he was Secretary of

Def ense. He spent 45 minutes with us before we went to the Pugwash
neeting and tal ked to the Russians. But this had been going on for a
long tine-- essentially 15 years or so-- by 1983. And then we had a
group of Soviet counterparts that included Evgenii Prinakov, Evgeni
Vel i khov, Ceorgi Arbatov, and Roal d Sagdeev. W were continuing to
tal k about {nucl ear weapons and missil e defense}.



KESTENBAUM  \What were those conversations |like? Wre they cordial?
Were they technical ?

GARWN. Oh technical. Yes, they were very technical. W tried to
keep them technical because there is only so nmuch you can say on the

i deol ogi cal plane, so | didn't like that. As John Holdren ... but by
that tinme it was the National Acadeny Conmittee on Internationa
Security and Arns Control {Cl SAC} carrying on these conversations.

Cl SAC was founded in 1980 just for the purpose of nmeeting twi ce a year
with the Soviets. |In fact, the MacArthur Foundation was a principal
source of support.

KESTENBAUM  And was that a useful channel? Can you | ook back and say
concretely this treaty cane ...

GARW N Ch absolutely. For instance with the Soviets when CGorbachev
cane in we had had very good relations with these four people | naned
and anot her six on the delegation. W had discussed in 1983 j ust

bef ore President Reagan announced his Star Wars programthe nerits of
space weapons-- it didn't seemto be very sensitive at the tine. DARPA
peopl e were testifying in Congress ...

KESTENBAUM  That was just before Star Wars?

GARWN ... that there was no prospect for having these things
effective, so we tried to get a nmutual understandi ng of what went on
And | think there was at first some resentnent on the Soviet side about
this that we had known about this and hadn't tal ked to them about it
just a couple of weeks before. But Nobody knew about it except the
Presi dent and few of his closest advisors.

KESTENBAUM  Were you tal king with himabout the things |ike suppose we
were to do an arns reduction and here's how we can do it with nmutua
confi dence?

GARW N No, no it was nore technical than that. W would tal k about
properties of lasers; how you mght discrimnate a |laser froma | aser
weapon. You can't do it necessarily on the basis of power because even
atiny laser that is designed to ablate sanples off the noon for

anal ysis, can have a power as big as the 20 nmegawatts of a | aser
weapon. But it's not continuous, it's just a tiny short burst. And so
we would try to have a nmutual understanding on these things. And | had
witten | ong before about space arns control, decoys, and nissile
defense, so we recycled these and tried to see what the Soviets could
bring us. Wen Gorbachev cane in, |like President Ei senhower, he

di strusted the formal mlitary advisory system Eisenhower's response
to Sputnik was to bring the President's Science Advisory Comrmittee from
the O fice of Defense Mobilization into the Wiite House. He called

t hese people "H s scientists.” CGorbachev took on as informal advisors
the afore nentioned, gang of four-- Arbatov, Primakov, Sagdeev and
Vel i khov. And they were very inportant in explaining to Gorbachev a
noderate response to the Star Wars program

KESTENBAUM |s that sort of back channel conmunications as rel evant
today? Because it seens |like in sone ways what you were doi ng happened
to have sonmething to do with science, but it was al so just diplomacy.
I's there sonme reason, you know academi cs do these sorts of things, is



there some special reason why you think scientists can be particularly
useful .

GARW N  Because they can tal k about these things w thout being

constrained by national policy. If you work for the State Departnent
you may be a very good technical person, but your job is not to go out
there and informthe Chinese of the realities of space weapons. |It's

to persuade everybody that there is not a threat; that it's premature
to try to control space weapons before there are any. And you know

di scussi ons have the opposite effect. You're not going to survive very
long in government enploy. And yet that's only one view. W don't
negoti ate, we discuss.

KESTENBAUM So the idea is that it's a dispassionate discussion of the
facts and sonehow. . .

GARWN:.  Yes. And, for instance, with the Chinese, Cl SAC has been
talking with the Chinese since about 1988 and there we had very

i mportant discussions with them as did others fromthe Natural

Resour ces Defense Council, about the Conprehensive Test Ban Treaty.
The Chinese were very enphatic about the requirenent for peacefu

nucl ear expl osions-- that you could ban nucl ear weapons tests but you
can keep peaceful nucl ear expl osions.

KESTENBAUM Bei ng for mning or sonething.

GARWN.  Mning for storage, propelling space ships, who knows? The
conmuni sts ideology is that the mind of people is unlinted that you
can do everything with technol ogy. But when you open the door of such
t echnol ogi es and any of these nucl ear expl osives can be used for

nucl ear weaponry it really to too nuch a hazard. So in fact the

Conpr ehensi ve Test Ban Treaty which the Chinese signed permits peacefu
nucl ear expl osions but only after ten years w th unani nbus agreenent by
the parties. Wich is unlikely to happen unless the parties

unani nously agree, it won't. |If there is sone real opportunity and
potential threat that can be solved by nucl ear expl osions, then the
peopl e of he world can get together and agree.

KESTENABUM Let me close with this and | think we'll have sone tinme
for questions. | read, at the end of an interview soneone had done
with you, you were asked did you ever wi sh you had done things
differently with the career? And you said, "No, but, of course, | had
wi shed the world would turn out better.

GARWN  Well that's certainly true. Quoting our President, "There is
alot of evil inthe world.” W're not going to end evil but we can
hope to Iimt its effect and preserve our country at the same tinme. |
renenber a long tine ago-- 50 years ago-- trying to get ny priorities
straight and they were really famly and preventing nucl ear war. But
the next was to preserve a system of government that woul d enable the
other things to happen. That's one of ny primary worries because we do
not have a |l ot of effective denbcracy. Congress does not do the job

that it is supposed to be doing. |f people came to work every day and
tried to solve the country's problens instead of putting down the other
party and ensuring their own election. And it's not just I, it's many

menbers of Congress, the House, and the Senate who say the same thing.
And one of their principal jobs is oversight of the federal government.



To take a nontrivial exanple this Medicare Part D is designed by people
who hate people (laughter) or who hate governnent involverment. It
couldn't be worse, and | encourage you to wite your Congress person
and tell themthat you are holding themresponsible either for creating
this nmonster or for not supervising the government to nmake sure that
they do a job that is in the interests of the popul ace.

KESTENBAUM Here's to a better world. Thank you. (Applause).
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QUESTI ONS & ANSVERS

MARK GUBRUD: Dr. Garwin, if there is one person that | would trust
with the power to re-legislate the | aws of physics, you might be that
person. But short of that, I'd |like to know your perspective on the
potential of today's frontier technol ogies-- conputers, biotechnol ogy,
nanot echnol ogy-- to transformthis world, or our world, in fundanenta
ways in decades to cone.

GARWN. Well, it's been largely transformed in the |ast two decades by
i nfornmati on technol ogy, especially the Internet and the search engi nes
that I mentioned. W have a |lot of other possibilities especially in
bi ot echnol ogy. They're obvious. But | don't think that we wll
realize the benefit under the current system | think that what needs
to be done is to engage entrepreneurs and scientists in China and India
particularly in making vaccines in exploiting the frontiers of

bi ot echnol ogy for the benefit of everybody in this country as well as
el sewhere. That's all | want to say about it.

WHO??: To the extent that sone of these solutions have a technica
under pi nni ng what advi ce woul d you give the current Administration and
Congress with regard to the emergence of wi despread proliferation
starting in Iran and North Korea?

GARWN:.  They shoul d have taken the advice of the various comm ssions
beginning in 1999 and put a lot nore effort into reducing the

proliferation potential. That is in securing the weapon usable
materials in Russia and working with Paki stan and el sewhere and in
taki ng nore nmeasures so that instead of a billion dollars a year, {we
woul d be spending} $3 billion, $5 billion a year, easily affordable.

But we have, in fact, instead we've been nore interested in spending
noney in this country with U S. contractors rather than spendi ng noney
over there where it would go nmuch farther and notivate people to get
the job done. So we have now the Nuclear Threat Initiative, courtesy



of Ted Turner's initiative which is very good, and the Carnegie
Endownent for International Peace. There is no shortage of advice and
prograns to be undertaken. | think reducing our own nucl ear weapon
hol di ngs and those of Russia would go a | ong ways toward increasing the
notivation to limt the acquisition of nuclear weapons by others. So
take it seriously-- act as if we had already had a nucl ear explosion in
an Anerican City.

VWHO??: Thank you.

Bl LL FULKERSON: Dr. Garwin, | would like to ask what your opinion is
of the Norm Augustine Rising Above the Gathering Stormreport is which
seens to be perhaps sonething that could be bipartisan and is
critically inportant.

GARWN This is a report of the National Academny of Engineering and it
says the United States really does not have an upconi ng generation
interested in science and technol ogy and not only is production noving
abroad but al so research and engi neering. Wen | received from

Presi dent Bush in 2003 the National Medal of Science, during the photo
opportunity, which was less a fraction of the neeting than this recent
meeting with former Secretaries of Defense (laughter) Secretaries of
State, | nanaged to stand next to President Bush and | told himtwo
things. One was that we had a disastrous problemin the visa program
for foreign scientists and that if we didn't solve that they would go
el sewhere for training; that when they canme here and stayed instead of
goi ng back, that was to our benefit, not a problemfor us. And, in
fact, as the Gathering Stormindicates, there are a | ot of people who
wanting English go to Canada or Australia or England now which are nuch
nore wel coming than we are. |If we're interested in countering
terrorismwe can do it nmuch nore effectively than by the procedures
that we have. You m ght need to spend nore noney, but it would be
wort h doi ng because these are very val uabl e exchanges, very val uabl e
contributions that are nmade by people com ng here and setting up

busi ness, doing research here. But in fact we have to really be
concerned. It's not clear that the free market is going to solve these
probl ens for us because the | ower wages abroad and the nuch nore
conpetition anong their |arger populations for such | eadership
scientific roles will nean that we have very serious problens and we
will not be able to have a critical mass over here to do things in the
sem conductor industry, in information technol ogy and bi ot echnol ogy and
the |ike.

RHYS PRI CE JONES, Ceorge Washington University: The concentration of
nucl ear weapons in two canps has actually been used as an argunent

agai nst proliferation because, for exanple, during the Cold War Britain
and France-- the proponents of unilateral disarmanment-- could say that
the nere possession of a small nunber of nucl ear weapons by those
countries made thema natural target for both sides if there were ever
a confrontati on between the two big ones. Is there anything to this
argunent and if there is does it color your idea about reducing the
nucl ear arsenal

GARWN: | think there was during the Cold War. W certainly didn't
need to have such vast nunmbers of nucl ear weapons. W had a nmaxi mnum of
some 35,000 and the Russians maybe 47,000 nucl ear weapons at the peak
and totally unnecessary. W could have had 2000 and it woul d have been



plenty. But it wasn't the nonopoly on nucl ear weaponry, it was the
rest of the power of the United States and the Soviet Union-- really
the ability of the Soviets to exercise their power that would keep
people fromtaking lightly the decision to acquire nucl ear weapons.
Still some did. Britain because we had shut them out of the nuclear
program after it was created there and here and they were full partners
during the war; France because they felt that the British had nucl ear
weapons and France needed nucl ear weapons. And besides after Suez when
we stopped the French and British military operation in Egypt they
vowed never to be in the position where that could happen again. How

t he possessi on of nucl ear weapons woul d keep it from happeni ng again, |
don't know. But those days are long past. Qur nucl ear weapons,
Russi an nucl ear weapons, are not useful in preventing proliferation. A
nodest number of nucl ear weapons woul d serve to counter any nunber of
nucl ear weapons el sewhere.

But in fact we will have a very interesting test case in Iran. North
Korea, | think we know about, has probably half a dozen pl utonium
weapons. But lran nay have in addition to 18 years of secret
progranms-- where Iran says all they did wong was not to reveal themto
the | AEA and the reason they couldn't was that the United States was
violating its obligations under the NPT to help them get peacefu
applications of nuclear energy. But if indeed they have been

popul ating their centrifuge hall at Natanz with centrifuges, all the
whi |l e discussing with the | AEA, that's going to be a very serious
problem |'mnot clear what will happen as a result. However our
nucl ear weapons are not a solution to that problem

FRED SI NGER: Since you are a recogni zed expert on nucl ear
proliferation i ssues and you have a very distinguished record as a
gover nment advi sor, what advice would you give on the current situation
with respect to Iran where you have a governnent that appears to be not
quite rational and where you al so have the additional problem of

| eakage of nuclear material, or even nuclear weapons, to terrorists who
have no particular national |ocation. How do you deal with a probl em
like that?

GARWN. There are two problens that you nention and take the
terrorists first. They can't get nuclear material fromlran because
Iran doesn't have any. But they can get it from Paki stan and Paki stan
does have nucl ear weapons and nuclear materials and they did have this
one man proliferation machine, Dr. AQ Khan, who took it on hinself to
sell the technol ogy and even weapon designs to a nunber of countries.
And that's a terrible thing. W ought to be talking w th Pakistan--
maybe we are, I'mnot involved with that; I'mnot talking to them -
about the necessity for themto effectively control nucl ear weapons and
in case there is a coup agai nst the governnment to do sonething so the
nucl ear weapons do not fall into mlitary hands in usable form Now
that's a tall order and we nay not be able to solve that problem

Inlran, | think, if Iran proves to have been cheating on their
undertakings in the last two years, as | said, it's going to be a very
serious problem It may not only go to the Security Council for
sanctions-- and of course Iran is a big oil producer so that's a
problemthere too-- but it may require enpowering individual countries
to take mlitary action. W could bonb Iran for a long tinme together
with some colleagues in order to prevent the devel opment of such a



capability, but we'd rather not. They have every right to civil
technol ogy but they have to behave according to their undertaking in
the NPT. Now our role in enforcing people's word, people's

obl i gations, has been weakened by a lot of playing close to the nargin
on our part, when we have had international undertakings, but that's a
different story. It's a very serious problem | cannot give you the
answer here. It requires a lot of people to work on it full tine.

KESTENBAUM  One final question

ARTHUR?? TURNO??, Interactivity Foundation: 1've been working on a
project here in town on exploring contrasting concepts of science-- a
project that | have been working on here in town with sonme people. And
the idea has cone up in some of the discussions of-- the claimwould be
sonething like this-- that work that is classified, or that is based
upon data that is classified, somehow is something el se, ought not be

regarded as science. And I'mwondering if you would have, | nean
you've dealt with this type of work over the years, and |'m wondering
what you would say to that. |'m al so wonderi ng what you would say to

how this issue of secret data, secret information within science, has
effected the ethics of science say over the past 50-60 years in which
you've been involved init. It seenms that if this idea were to be
taken seriously a lot of the greatest achi evenents that we woul d think
of as being scientific would sonmehow be off the board. But the people
in the discussions |'ve been involved with seemto take it seriously so
" mwondering what you woul d have to say to it.

GARWN.  Well, I'"'mtrying to respond to your question. And | guess in
t he nucl ear energy area there was for a considerable period a |ot of
scientific-- where a lot of scientific data that were secret-- and so
people were inhibited in the design of reactors, for instance. But
this was not so nmuch scientific, it was technical and engi neering data.
Now commercial firns, of course, try to keep secret their ideas
especially in the biotechnol ogy area. They're working on particular
drugs and in fact there are many pharmaceuticals that could be used to
counter a particular target. And so it's very inportant to the firns
to keep secret not only the drugs that they are working on but the
target of these drugs. Now it's hoped that in the patent system when a

drug cones to market it will be patented and people will not be able to
use that particular drug for 20 years. But they nay be able to invent
sonething else to attack the sane target. It may be possible to patent

the target-- that is the drug that attacks a particular target. And
sone of these things need to be worked out. But the secrecy vanishes
at the tine the patent is issued. So nobst of science, maybe sonebody
el se can help nme, there is hardly any science that is classified. It
may be that you have a governnment program which is highly advanced and
not only the technol ogy but a | ot of supporting science may have been
done under cover.

| suppose oceanography is one like that. Yes, oceanography is such a
case and it's of the greatest inportance comercially and in
understanding climte change. But |'ve worked a little bit in
oceanography and at the begi nning of ocean tonography where one uses
acoustic paths through the ocean in order to determine the tenperature
and there was never any question about classifying that. Sone things
are born secret-- that is under the Atom c Energy Law nucl ear
information is born secret and cryptography is the other approach



which is not quite so constrained as nuclear information. But for the

rest of scientific information one has to nmake an argunment to classify
it rather than having it born classified at the begi nning.
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