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NANCY FORBES: I invite you to continue enjoying your coffee while we go ahead and start the program.  My name is Nancy Forbes.  I'm on the Program Committee here at the Cosmos Club and I want to say what an honor and a privilege it is tonight to be able to introduce Richard Garwin here at the Club.
In writing this introduction, it was difficult to find the right words to describe this man and the work that he's done--maybe remarkable, maybe peerless, maybe monolithic, maybe awesome might be words that would suffice.  I first heard him speak at a graduate physics colloquium about 25 years ago with another awe-inspiring physicist, I.I. Rabi, sitting in the first row.  Garwin was already a living legend and an icon of physics to us students, not only for the research he did but for his role as a government science advisor.  Later on in my career, when I would see Richard Garwin in national security related meetings here in DC, it took me years to work up the courage to speak to him.  Once I did, I discovered he was an approachable, gracious, and very helpful individual, and it has been a  privilege and pleasure to know him and his wife, Lois.
Richard Garwin, for those few of you who may not know it, is known as the chief architect of the hydrogen bomb.  He was brought to Los Alamos in 1950 by his thesis advisor at the University of Chicago, Enrico Fermi (who) called Garwin "the only true genius I ever knew."  He has spent much of his career promoting arms control and warning about the need to stop the proliferation of nuclear weapons.  Having served in key advisory roles for the federal government since the 1950s, he ranks as one of the most influential U.S. science and science policy experts today.  His work and opinions have had a profound influence on the role of science in national security over a 50-year period.  Physicist Freeman Dyson has called him the conscience of physics, "Whenever the government had any respect for truth and competence, Dick Garwin was there advising them."
Richard Lawrence Garwin was born in Cleveland on April 19, 1928.  His father was a high school teacher during the day and a movie projectionist at night.  Garwin the boy loved to tinker and help his Dad with repairs.  In college at Case Western University he worked nights as a projectionist himself.  In 1949 he earned a Ph.D. in Physics from the University of Chicago under Enrico Fermi.  He was all of 21. In 1952 he joined the IBM Thomas Watson Research Lab with an arrangement letting him consult for Los Alamos and Washington.  He also served as an Adjunct Professor in Physics at Columbia University.  He is currently IBM Fellow Emeritus. He is the coauthor of many books, among them "Nuclear Weapons and World Politics" (1977), "Nuclear Power Issues and Choices" (1977), "Energy, The Next Twenty Years" (1979), "Megawatts and Megatons: A Turning Point in the Nuclear Age?" (2001).  He has been Director of the IBM Watson Laboratory, Director of Applied Research at Watson, and a member of the IBM Corporate Technical Committee.  He's also been Professor of Public Policy at the Kennedy School of Government at Harvard, and from 1994 to 2004 he was Senior Fellow at the Council of Foreign Relations.  He served as a member of the President's Science Advisory Committee andthe Defense Science Board.  He is a Fellow of the American Physical Society, the IEEE, and the American Academy of Arts and Sciences.  He is a member of the National Academy of Sciences, the Institute of Medicine, the National Academy of Engineering, and the American Philosophical Society.  In 2002 he was elected again to the Council of the National Academy of Sciences.
Dick will be interviewed by Bill Sheehan.  Bill Sheehan spent 35 years in radio and television.  He was a correspondent in London and has served as President of ABC News.  He later worked with the International Media Fund in Eastern Europe.  Bill currently does the Month in Review event here at the Cosmos Club.
So, without further ado, I'll introduce Bill Sheehan and Dick Garwin.
Applause.
DICK GARWIN: Thank you for coming.  I hope that you enjoy the evening.  Most of you who've worked with me think I live in Washington (and I think you live in Washington too) because that is the only place we meet.  But I really live in New York, and I have other careers in science and technology and I guess programs-- mostly government programs and persuasion.  Persuasion is the part that I probably do least well and like least, because unlike scientific papers you have to present the same thing many times.  It would be better if I were an actor, that's multiple testimonies, (not so bad as if you were an administration official, of course) multiple presentations over the decades.  The same problems arise.  It's like teaching Freshman because every year they don't know a word of what you taught them last year. Anyhow, tonight you'll hear the answers to questions at least one person, Bill Sheehan, thinks of interest and if you have others at the end, ask.  But ask me about things I know about-- the past.  Not so good to ask me about the future, I don't know that.  I just opine about it.
I regard myself not as a creator of entirely new things but as an experimental physicist who is adept at taking the next step.  Sometimes you take the next step even if the step before that hasn't yet been taken.  Major advances even if they are seemingly incremental come when there are two new things involved.  It's really hard to think of two new things at the same time and yet often that's what's needed in order to get from where we are to a place that you would like to be, even if you don't know it.
BILL SHEEHAN:  There are so many subjects that we can talk about and I think that I would like to start by talking about the hydrogen bomb, at least briefly, and your experience with it and ask you the question, have you ever seen an explosion of a nuclear weapon?
DICK GARWIN: No, I have a good imagination, and I've never seen a nuclear explosion.  I hope I never do.  I went to Los Alamos in 1950 for the summer and I spent the first week reading in the Classified Report Library, so I found out everything that had been done from 1943 until 1950.  And I did some things.  But in 1951 when I went back for my second summer, Edward Teller, who was also at Chicago when he wasn't away which was most of the time, I asked him what I could do to help.  And he said he and Stan Ulam had had this idea, and so I immediately read the paper-- the Secret paper of March 9, 1951-- on hydrodynamic lenses and radiation mirrors.  And this was the "radiation implosion"-- classified for many years but then officially declassified-- by which an auxiliary bomb, now called the primary, explodes and its energy is contained in a radiation case and used to prepare a secondary that has the fusion fuel-- deuterium. So instead of fissioning uranium or plutonium to make energy, this fuses light elements to make energy.
The hydrogen bomb was originally conceived as a way of getting enormous, unlimited explosive yields.  And, anyhow, Edward Teller wanted a demonstration that this would work-- an experimental demonstration.  And as he recounts, I went away and in a very short time came back and had a design.  I decided that the best way to show it work was to make a full-scale such thing.  And Los Alamos did it in 15 months from May, 1951, when I first heard about it until November 1, 1952,when the hydrogen bomb MIKE test occurred in the Pacific with a yield of 11 megatons-- almost a thousand times the explosive power of the Hiroshima bomb.
But in fact, people didn't understand it, and I didn't understand it at the time, the biggest impact of the hydrogen bomb was not these monsters up to 60 or 100 megatons but to make plain old little 1 megaton bombs that could have been made with uranium 235.  But you could make a lot more of them because it takes only 4 kilograms of plutonium for the primary.  You make a hydrogen bomb of any yield-- 1 megaton, 10 megatons, 100 megatons-- whereas to have a 1 megaton fission bomb you would have to fission 60 kilograms (130 lbs) of uranium or plutonium and so you could make only 1/30 as many.
I'll tell you an anecdote.  In 2005 at the American Philosophical Society I shared a platform with long-dead Robert Oppenheimer who gave a 20-minute speech-- really a recorded speech from November 16, 1945 that he gave in Philadelphia.  And there he said, I know you want me to tell you how to make atomic bombs but I can't; only the President can tell you and he's told us not to talk.  But I can tell you this (he went on), that if nuclear-armed countries have a war in the future these bombs will be used by the thousands or the tens of thousands.  And yet Hans Bethe-- the legendary physicist who was in charge of the theoretical project during World War II to make atomic bombs and the hydrogen bomb program also-- said around the year 2000, "Nobody at Los Alamos imagined that we would make more than a few hundred of these."  And yet we had at the peak some 35,000 nuclear weapons of much bigger yield than the atomic bombs during World War II.  So somebody please explain to me how Oppenheimer and Bethe, who knew exactly the same things in 1945, one of them says these will be exchanged by the thousands and tens of thousands and the other says we would never make more than a few hundred.
BILL SHEEHAN: That brings me to your thoughts on the challenges on how we can control nuclear weapons in the world today with Iran ...  as a evil doer in this area and some other countries ...
DICK GARWIN: This was a problem from the very first and the scientists who built the atomic bomb-- the ones who really knew about it-- many of them spent a lot of time in the first few years 1945, '46, '47.  Some of them even moved to Washington and lobbied Congress for civilian control of nuclear weapons which they accomplished, although it's been largely eroded in part through things I did with the Atomic Energy Commission-- with Permissive Action Links that would allow nuclear weapons to be deployed with the military.  But there was a concern that others would get it; there would be proliferation.  Scientists thought it would take the Soviet Union about four years, which it did.  They had their first test in 1949 and we had this, big competition.
But there was a proposal to have international control of nuclear energy.  No national nuclear weapons at all.  And that failed.  The Soviets didn't like the idea that we already had them and they wouldn't be allowed to have them. So only after they had enough, and tensions between the countries rose, was there any real discussion of arms control and disarmament.  Now it's come around again because we have had all these years of nuclear weapons in the world with a total of some 80,000 peak-- the Russians had about 45,000 maximum.  And people see that they are a great threat, because now with the empowerment of technology, of the Internet, of the leakage of information over the decades, terrorists and non-state actors can acquire nuclear weapons either by stealing them or even building improvised nuclear weapons if they can obtain the highly enriched uranium which is available by the many hundreds of tons.  And it takes only... you can get about 16 gun-type weapons out of a ton; about 50 implosion-type uranium weapons out of a ton.  So people are really scared, properly so, that nuclear weapons will start exploding in our cities and they will be done by terrorists who have no home base.
The weapon that we've used, the tool that we've used to prevent them from exploding all these years, is deterrence. Mostly deterrence by threat of retaliation.  You explode a nuclear weapon on us and we will punish you with nuclear weapons.  We've never said with twice as many, half as many; we've had a lot of arguments about this.  But, you know, people who have nuclear weapons for the most part are responsible and they see what they can do for their society. So if they prefer to live rather than their enemies die, they are deterrable.  Even Iran is deterrable.  And even North Korea.  But terrorists are not.  And so the question is how to reduce the transfer of nuclear weapons to terrorists; reduce the amount of nuclear weapon usable material in the world; reduce the number of nuclear weapons and guard them better.
The world would be exactly the same if we had a thousand instead of something like 10,000 nuclear weapons.  And from there we could think about reducing them to 100, when it wouldn't be much different.  In the last couple of years, revisiting Reykjavik of 1986 when President Reagan and General Secretary Gorbachev put on the table the elimination of all nuclear weapons, George Shultz (former Secretary of State in the Reagan Administration) at Stanford, and others, have organized some meetings out there.  As a result there are two very interesting Op-Ed articles by George Shultz, Sam Nunn, Bill Perry (former Secretary of Defense), and Henry Kissinger advocating the elimination of all nuclear weapons.  They say we really will not be secure unless we have that as a goal and certainly not unless we reduce by an enormous factor the number of nuclear weapons in the world. So first we have to recognize the dangers of nuclear weapons and their very limited utility and I can't go into details there because of the shortness of time.  But I've written about it in books and papers and you can find it on my website.
My website is www.fas.org/RLG/ but if you look in Google for Garwin and missiles you'll pretty soon find my website.
So we need to resume negotiations, not just discussions, with Russian about getting rid of almost all of our nuclear weapons, and have them as partners toward eliminating, reducing the threat of terrorist acquisition of nuclear weapons and of proliferation.  As for Iran, I have a paper on my website, "When could Iran Deliver a Nuclear Weapon?" and it quotes a lot of CIA and other documents.  And it says, you know, their limitation is missiles for long-range delivery.  But don't let that make you feel secure because that's the last thing they would do if they wanted to deliver a nuclear weapon against the United States.  They would put it on a ship and drive it into a harbor, or a ship, or use a short-range missile, of which they have plenty, to deliver it against coastal cities.  Read some of the things I have written, and the Kissinger et al Op-Eds.
BILL SHEEHAN: What is your feeling about the practicality, possibility, probability of achieving a non-nuclear world?
DICK GARWIN: As they say, as the gang of four says, it's not something that you can even see now.  It's like the top of the mountain-- convex mountain-- and not like the Matterhorn.  On a convex mountain you're climbing up and you can't even see the summit until you get part-way up the mountain.  So you can't see your way, you can't figure the probability.  But what almost everybody I know believes is that we would be a lot better off if there were many fewer nuclear weapons in the world.  And so the work program is to get down to 1000 unilaterally, with the Russians doing the same thing; they're not happy with their enormous number of nuclear weapons either.  At that point to have the other nuclear weapon powers engaged so that we can reduce further from there to where there are a few hundred nuclear weapons in the world and then we have to think about it.  And at that time things will look very different.  In particular, the American citizenry will not feel anymore that we are secure because we have so many more nuclear weapons than China or than France or than any proliferator, because those excess numbers of nuclear weapons really do not help at all. Nobody has said how they could be used to benefit our security.
I think that's a long chance.  Maybe in 20 or 30 years.  I wouldn't count on it.  I think it's a desirable goal.  I gave a speech just a couple of weeks ago at a two-day meeting at Yale about getting rid of all nuclear weapons and it was sort of skeptical.  It said, nobody has yet said whether that will be a regime like the Geneva Conventions on chemical weapons which is a no-first-use-- you can have them but you shouldn't use them until somebody else uses them. Or like the Convention on Biological Weapons and Toxins which says you must not have them at all.  And that means that even if somebody else uses them you can't build and use them.  So we haven't decided how in this goal of no nuclear weapons in the world at all, which of these regimes it will be-- one where we're prepared to make more nuclear weapons again or one where we've sworn never to use them, in which case you would have to use conventional power in concert to preempt-- that is to keep people from building nuclear weapons.
BILL SHEEHAN: I want to get back to nuclear weapons but I want to hear about a couple of other subjects that I know you are interested in.  One of them has to do with air traffic control and the other has to do with airports in general ...
DICK GARWIN:  In 1968 I had an Air Traffic Control Panel of the President's Science Advisory Committee that met every month for two days.  It had wonderful people on it.  Some real professionals, some amateurs.  But they were quick learners.  We used to fly in the cockpit-- we had cockpit passes-- in little airlines, big airlines, and whatnot.  We didn't fly the aircraft, we rode in the "jump seat."  And so we learned all about that and we wrote a massive report.
It was so good that the Department of Transportation and the FAA persuaded the President's Science Advisory Committee (or at least the Office of the President after the demise of the President's Science Advisory Committee) not to publish this paper.  But it was rescued by a knowledgeable staff member and it's now on my website.  1971.  In the 1970s on my website, all 200 pages of it.
Appendix A-3 is the most important part of it because it describes the all-satellite-based system in 1971 where satellites would handle the digital communications from the controllers through the aircraft, and the position knowledge of the aircraft in monitoring, and the aircraft navigation, via essentially GPS.  All done by this time-difference-of-arrival system that is so familiar to you now.  I had first proposed that in 1958 (that paper is also on my website) in support of President Eisenhower's Open Skies initiative where we would be able to tell the Soviets where our military aircraft were in peacetime so they would know that they were outside their borders.
In 1960 I proposed to IBM, my employer, that we have a privately developed air traffic control system based on time difference of arrival and so on.  So that's really the way to do it.  I sent it around recently to Boeing, in 2004. They hadn't heard of it but commented it was quite remarkable.  And it's being implemented because we do have systems-- informal GPS, not accredited in airplanes but they use it.  And now the idea is to file a flight plan to say exactly where you will be at exactly what time and then if other airplanes all do that then it's a simple problem for the computer to decongest-- that is to see whether there is any conflict.  And if there is expected conflict then they just tell one of the airplanes far in advance to bend your route a little bit, and they would do it in arbitrary fashion.  On the average there is a lot of air space up there if you're not flying from navigation aid to navigation aid.
So you decongest the airways that way; you decongest the airports in a slightly different way.  You can bring the airplanes in automatically.  You can land automatically and that's good.  You can land on parallel runways.  Instead of having runways a half-mile apart you could have them a quarter-mile apart and that's good too.  But the reason you can't have airplanes follow one another very quickly in less than two minutes or sometimes one minute depends whether they (the pair) are big-big airplanes or big-little airplanes or little-big airplanes or little-little airplanes because they have tip vortices from their wing tips and these persist.  And if you're a little airplane-- especially a slow one that gets caught in the tip vortex from a big airplane-- you just flip over and that's not good for business.  So the ultimate in decongesting airports is to use vertical landing aircraft and that's another story, I won't go into it here.
BILL SHEEHAN: I wish you would.
DICK GARWIN:  Later.  Somebody could ask me.
BILL SHEEHAN: Let's turn to the education of scientists and the education of foreign students as well as American students.  What are the restrictions now and what would be an optimum goal?
DICK GARWIN:  Two things.  One, we've always had a rule that foreign students should go home and it's only a breaking of the rule, bending of the rule, that they stay and enrich the talent pool in the United States.  This was done initially, I think, in order not to have a brain drain so that people from India could come here and they would go back and help the Indian economy and teach in Indian universities.  More recently it's become a nativist effort-- that is to keep Americans for the Americans.
How many people here are third generation Americans?  Yeah, so American for the Americans!  I'm sure you are happy the rest of us are here **laughter**.  And after 9/11 it was a matter of security-- the less foreigners we have here the better off we are.  In fact, when I received from President George W. Bush the National Medal of Science in 2003, I made in an opportunity to stand next to him in the photo opportunity, and I said to him, "You know, Mr. President, you say that we have to keep our scientific and technological edge but we will lose it if we make it difficult for talented foreigners to come here for meetings or for education or to stay in the country."  And that captains of American technical industry have said the same thing, and I guess they're complaining again that people cannot stay in this country to take jobs here.  They cannot hire workers that they need.  Of course, politicians often say these people are taking Americans' jobs or they're working at lower wages.  But once they are in the country they work at the same wage as anybody else because if they didn't receive the same wage from Intel they would get it from American Micro Devices, or Google, or Microsoft.  So they're in the competitive pool here.  I'm very much in favor of a free human economy.  And of course you have to ask who is coming into the country.  So there has to be an efficient way of vouching for them and vetting them.  We have a very inefficient way now, not particularly effective, but it certainly is inefficient.  We can make it more efficient and probably more effective if we allowed personal vouching, for instance.
BILL SHEEHAN: How do you view the interest of American students in science?
DICK GARWIN: With despair.  That is, American students have been relatively uninterested in science, especially physics. It's difficult; it doesn't lead to a high paying job with certainty.  So they have preferred medicine in the past or the legal profession or more recently finance.  And it may change.  A lot of people with very good education and a lot of talent in science and technology and mathematics have gone into finance or Wall Street.  Jim Simons, a good mathematician who used to work for the Institute for Defense Analyses is one of the highest paid people in the United States with his Renaissance Technology hedge fund and other things.  It has worked for many and even at the working level people get bonuses on Wall Street and whatnot.  So maybe the American students are right but I wish they had a little more vision at the rewards of understanding science and technology.
The President's Science Advisory Committee, around 1967 maybe, had a major study on increasing the talent pool in science, technology, engineering and mathematics.  We had the goal of doubling the output and we achieved that.  I remember there was a big dispute between Lee DuBridge and I.I. Rabi.  DuBridge said we shouldn't educate these people unless we are sure there is a job for them.  And I would say you just have to be honest with them.  You could drive a taxi with a physics education and you might even be happy about it.  And Rabi felt that physics was like music or classical literature-- a good in itself.  I used to tell him, don't make that argument because people in the classics will ask why they don't get the same support from the government that the sciences do.
BILL SHEEHAN:  Would you look back over the administrations from the Eisenhower Administration to the present one and talk about the welcoming atmosphere towards the scientific endeavor and the interest that various governments have had at various times in this field and in seeing progress.
DICK GARWIN:  I have not been much involved in the management of science or in the funding of science, so I really can't tell you about the National Institute of Health or the National Science Foundation or even the views of administrations toward the funding of science.  Early on, after World War II, before there was a National Science Foundation, there was only the report by Bill Golden to Harry Truman that there should be such a thing and eventually we did have one, and many other good things came from Bill Golden's persistence.  But the President's Science Advisory Committee and my own work was all about science and technology for government, not government for science.  And it's been mostly downhill I think since the Eisenhower Administration.  Eisenhower was his own man.  A wonderful General.  He was a person who when he came into office knew all about the Pentagon and the military and the contractors, and so he elevated the President's Science Advisory Committee from the Office of Defense Mobilization to be in the White House.  And he took it seriously.
So that was followed by John F.Kennedy, I guess.  And Kennedy was pretty good that way.  He had a very good Science Advisor to begin with, Jerry Wiesner.  And after the assassination there was Don Hornig and then Ed David and others.  But the administrations, as science came into government (which was largely a result of the efforts of the President's Science Advisory Committee to make departments in government that were more science oriented.  You have deputy secretaries who were in charge of science and engineering, technology, or whatever in each of the departments).  there were governmental committees that nominally handled these scientific matters.  And so there was supposedly less necessity for a President's Science Advisory Committee or for the president to be informed.
That wasn't really true because what was happening was that the departments could make better arguments to the Office of Management and Budget about why their efforts should be funded.  And the Office of Management and Budget was never very strong in its scientific analysis and would rely (when they were smart) on the President's Science Advisor or the President's Science Advisory Committee.  But gradually it became less useful in the Johnson Administration.  Johnson was unhappy.  His aides particularly were unhappy that PSAC didn't seem to support the war in Vietnam.  In fact, we certainly supported the prosecution of the war in Vietnam. We did a lot to make it more effective.  But we didn't support the idea of the war in Vietnam anymore than I support the war in Iraq, although I try to make us more effective in doing what we are doing.
So gradually in the Nixon Administration, (National Security Advisor) Kissinger explicitly disavowed PSAC and, in fact, created a small advisory committee mostly of President Science Advisory Committee members, chaired by his friend Paul Doty, and I and Panofsky from Stanford, Sid Drell, Paul Doty, and Jack Ruina, and initially George Kistiakowsky and George Rathjens were members.  We used to meet with Kissinger every month or so having done a classified paper for him on ABM or MIRVs or whatever.  Sometimes he (Kissinger) took our advice; sometimes he didn't take our advice.  But some important things really did get done in this way.  It turned out that the transition from film reconnaissance satellites to digital electronic imaging satellites came about partly as a result of this interaction.
More recently the president's apparatus has had a less capable, less hardworking science advisory apparatus, and I think they should do more.  I think they should go back to a model where they have people who meet a couple days a month, are engaged in real problems in real time, and have a large number of subsidiary committees and do their best for the country.
BILL SHEEHAN: Let's turn over to international science and I think that you draw a distinction between cooperation and ...
DICK GARWIN:  In science?
BILL SHEEHAN: Yes.
DICK GARWIN: There are major efforts that can be done only cooperatively.  At least the building of a machine-- high energy particle accelerator such as the one at CERN; or the international linear collider if that comes to be; or in fusion power the international ITER; the large international Tokomak system.  Those are so big, for good reason, that they could be done only one of them at a time.  There can be another generation after that and so there is competition as to who would have the next generation.  Where ITER would be. The competition would be Japan and France.  It's actually going to be in France.  A competition on the Large Hadron Collider.  People wanted to expand Fermilab but, in fact, CERN in Geneva had a better approach so it will be there.
But there is strong competition then in the work that gets done.  These are international organizations... Even at SLAC-- a Department of Energy Laboratory at Stanford-- the Stanford Linear Collider is a laboratory where people from any country can make proposals and it gets reviewed by a program committee and on the merits, if its good it get funded, and sometimes people there may work on it but mostly it is visiting teams.  I just visited DESY-- the Deutsches Elektronen Synchrotron in Hamburg-- and that's how it is. Its funded by Germany but there are 1500 permanent staff and probably 4000 visitors at various times.  In small science there is the usual competition.  Those people work on the things.  They publish it as quickly as they can, which is good because then other people see exactly what they have done and they can take the next step.  That's the lifeblood of science, publication.
I left particle physics in 1952 to go to IBM, largely for sociological reasons.  I didn't like to tell people six weeks in advance what I was going to and work with six other people to do it.  Now you have to tell them six years in advance and work with 600 other people.  I'm glad I made that decision but I'm also glad that there are a lot of other people who find that a reasonable way of working.
BILL SHEEHAN:  Does secrecy get in the way of cooperation?
DICK GARWIN:  Not in science, no.  Commercial secrecy does to some extent.  For instance, in the resurgence of nuclear power, fission power.  There are 300 full size reactors in the world-- about 430 power reactors altogether.  The United States has 103, and France has, I think, 54, and Japan about the same number.  So I believe that the reactors of current type should be replicated; that there should be assured access to low enriched uranium fuel for countries that play by the rules; that there should be a change of the rules so that the spent highly radioactive spent fuel from the reactors, instead of having to be disposed of by each country, could be sold (at a negative price).  You have to pay people to take it to put into competitive commercial mined geologic repositories.  I think that would help the nuclear industry a lot, I think it would help the environment a lot, and that ought to go forward.  But for the long term you could build different kinds of reactors. There is very little innovation in that business because they're so big, it 's such a big investment.  So we ought to have a laboratory like the European Particle Research Laboratory at CERN which would work on three or four different proposals for (breeder) reactors-- competitive but not secret.  Everything that goes there should be public. And ultimately one of these proposals for breeder reactors actually would win out and they would build a prototype. And they would work on a lesser pace on other proposals as well.  That might be a way to have a new kind of reactor in the world that would live forever with the existing sources of uranium.  Otherwise we will have to show that we can get uranium from seawater where there is about a thousand times as much as there is in the known (terrestrial) reserve of uranium.  We ought to be doing that anyhow.  We ought to be spending tens of millions of dollars (not tens of billions of dollars but tens of millions of dollars) finding out how much it would cost to get uranium from seawater.
BILL SHEEHAN:  Do ?? nuclear power ... oil problem?
DICK GARWIN:  It's not a way a deal with the immediate oil problem but it's a way to deal with the ultimate oil problem.  There isn't any shortage of oil production right now.  They have this forward pricing; they say we are going to run out of oil sometime and therefore we're going to charge you whatever you are willing to pay.  We are going to charge you so much as to reduce the use of energy, and we'll set an optimum there which has nothing to do with the cost of production which is probably about $20 a barrel here and a few dollars a barrel in the Middle East.  There was a time when people had to produce at the cost of production, before OPEC.  There was a time in the drug industry when people produced at the cost of production.  But one way or another, through lobbying and influence and selling direct to consumers, because you change the law (I think in 1997) so that you can have direct television advertising to consumers for pharmaceutical prescription drugs, that has contributed a lot to the expansion of the market-- people who don't need drugs demand them-- and to the possibility of increase in price.  That's economics.  I understand you can find economists who will differ on that, even economists who aren't paid by the firms involved.
BILL SHEEHAN:  Just one more subject before we open it up for questions.  I have read that you have been interested in ways to control pandemic disease ...
DICK GARWIN:  Absolutely.  You know this avian flu seems to have a mortality rate of 50% thereabouts; ordinary flu is a few tenths of a percent.  Avian flu is so far not communicable readily from one person to another, which is a blessing because if it ever transforms itself into one-- it mutates very rapidly-- so that it is communicable and it retains its lethality, then we will have a large fraction of the people in the world dying from a pandemic flu.  It wouldn't be much fun even now to have a repeat of the 1918 flu incident.  It would overwhelm the hospitals; we don't have a vaccine for newly emerging flu and we can't get one in less than nine months or so.  First of all we should spend a lot more effort not only in this country but in buying research in other countries-- in India and China and Cuba-- for rapid production of vaccine.  That is, a quicker bug-to-drug cycle as we say lightly.  It would be good to have more affordable anti-virals.
But failing all that there is another option that is almost unremarked.  Epidemics are characterized typically by two numbers.  The number of people who are ill in the next generation compared to this generation.  That is 2 or 3 typically for SARS or the flu.  So if there are a hundred people around the country who have a case of SARS, then 8 days later there will be typically 300 people.  If they have flu it'll be 200 people, similar number of days.  If it's smallpox, the cycle time I think is 14 days, and the reproduction factor is about 2.0.  (Not always; there are some super-spreaders and whatnot).  But what that means is if each person could reduce her exposure to the bug by a factor 4, and the reproduction factor is 3, then it would become 3/4.  So if you have 100 people who are ill, without intervention it would be 300 after a generation and 900 after two generations.  But if you have these non-pharmaceutical interventions then it will be 100, next generation 75, next generation 50.  And, in fact, anybody could sum that geometrical series and it becomes... whatever it becomes-- I guess it's 100/(1-0.75) = 400 altogether.
So, what are these non-pharmaceutical interventions?  It would be helpful to know whether flu is transmitted by droplets from sneezing or by aerosol-- simply from breathing germs that hang around for hours in the air.  Or whether it's transmitted like the common cold by fomites-- that is, by people who sneeze on their hands and put them on subway poles, or whatever.  Then you put your hand on the subway pole, you come home and touch your eyes or your mouth. People are always touching their mouths or eyes or noses or whatever, and if you can discipline yourself not to do that, you can reduce the exposure-- so perhaps you can do it by factor 4.  And the other problem is that everybody has to do it-- everybody in the community that is saving itself this way has to do it by the factor 4.  Then there isn't any epidemic and you can treat the people in hospitals instead of having the hospitals overwhelmed.  I've spent a good time the last three or four years on that and there are other people-- Larry Wein at Stanford Business School, Stephen Morse at Columbia School of Public Health, and other people interested as well.
BILL SHEEHAN:  We are going to turn and let you (the audience) have some questions that I am sure that I haven't even touched ...
Male Voice: I read that Bill Perry, former Secretary of Defense...  (Q&A were not recorded).
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