Interview of David Gross

Roger Bingham: We are in Santa Barbara with astrophysicist, string theorist, director of the Cavalier Institute for Theoretical Physics, David Gross.  Also the 2004 Nobel Prize Winner in physics with Frank Wilczek and David Politzer for the theory of asymptotic freedom.  Let’s go back to that and the whole story of colors and quarks and so on and see if we can make some sense of it.  Let’s start with the whole – how did you actually get into this business in the first place, physics.

David Gross: [00:00:26] You mean as a science, physics?  Theoretical physics?  

Bingham: Yeah.

Gross: [00:00:30] Well, actually in my case, it was very early.  I mean, some kids, some people take a long time to find their road, but I…um…sort of knew from around – when I was a young teenager, 13, I think, that I wanted to be a theoretical physicist.  Not only did I want to be a scientist and a physicist, I wanted to be a theoretical physicist.  Of course I – 

Bingham: I have to ask you, how did you even know (laughing) at the age 13 what a theoretical physicist was?

Gross: [00:00:56] Well, well that’s point.  I mean, I don’t think I really understood what it meant to be a theoretical physicist, but…but I…at that age, I started reading Popular Science.  And these wonderful books by George Gamow and Edington and these books that were…convey and that I could understand mostly…to the general public what modern science was about and the great discoveries in physics and astronomy and…and it was enormously exciting.  And, but what excited me the most were these heroic stories of Einstein.  Who seemed like a god, but over the years he’s become much more mortal to me, but…um…but just the idea of someone like Einstein tackling the mysteries of the Universe with his mind and conquering, seemed to me, incredibly exciting.  I mean, I always liked to do puzzles, mathematical puzzles, you know, to solve things and figure them out and – but doing this where the puzzle is one posed by nature and very deep, as Einstein did, just seemed to me enormously exciting.  So, you know, I really decided, at least I think I did, as my memory serves me (laughing) correct!  I’d certainly pursued that goal since then to be a physicist, you know, to try to tackle the fundamental laws of nature and understanding of the basic constituents of matter and how it works at the fundamental level and to be a theorist, you know?  Use pencil and paper and figure out by equations how it worked, that seemed to be enormously exciting.  But, as I said, I didn’t really know what it meant to be a theoretical physicist.  Einstein was not exactly someone one could easily imitate.

Bingham: Right. When – you mentioned being a theorist, when – and on the morning of the announcement of the Nobel Prize, you got a call from Stockholm from several people – one of them was Joanna Rose, who did an interview with you.

Gross: Um hmm.

Bingham: And you said at one point in response to her, there was just one comment you made which was that theorists can be wrong, only nature is always right.

Gross: (laughs)

Bingham: You’re still happy being a theorist?  (laughs) Or would you rather have had a machine at your disposal?  

Gross: Well the –

Bingham: Or you do, I suppose, in a sense.

Gross: [00:03:44] Well, so that’s…yeah, I’m very happy being a theorist.  Partly because that’s what I’m good at and I’m not that great – you should talk to my wife about actually fixing things or making things work.  I’m not sure how I would have succeeded in the laboratory.  Being a theorist has a lot of advantages because you’re not dependent on these big machines or these enormous collaborations.  You can just go off and think.  Helps to have people to work with and to exchange ideas with, but you know, you’re pretty independent and – whereas experimentalists, observers depend on major funding and scientific collaborations and their projects take years and it’s a tougher life.  On the other hand, you know, if they’re – if they do a good job in what they do and…and they probe and observe and experiment, usually what they find is, it’s a clear – they make a discovery, it’s obvious that they’ve made a discovery.  If a theorist makes a discovery, it’s pretty rare that it’s obviously correct at the beginning.  It requires testing.  It requires testing the ideas, both their logical development, their application, their – and nature has to weigh in and say that most ideas are wrong.  Most explanations don’t pan out.  So, it’s a riskier business being a theorists and, um…but, in some sense it’s more exciting.  The stakes are bigger.  

Bingham: It was from…from having the original ideas in 1973ish, 30 years before it was – that’s an interesting process, isn’t it?  Does it…does it take that long to – do you have any sense of what took so long…

Gross: Why it took so long?

Bingham: …to realize, because in --

Gross: Well, they take a long time -- 

Bingham: -- in that conversation was while it was…

Gross: [00:05:43] They take a long time to do when it’s evident that – but, to some extent, the theory that we came up with, that describes the nuclear force, although the phenomena of asymptotic freedom that led to the…this theory, explained a lot of mysteries of nuclear particles and nuclear force.  It also made conjectures or speculations about even harder mysteries about quarks, such as, why has nobody ever produced a quark or a single one in the laboratory?  So we explain – we thought…we gave a tentative explanation of that, that actually show that that was correct theoretically, even today it’s not a mathematical theorem, but we have enormous amount theoretical evidence that the theory explains that.  And then the actual predictions that we could make and the calculations that we could finally do and…and tell the experimentalists what they would measure, took a long time to observe and thousands of people and probably 20 years before the tests were really convincing.  The effects, you know, the precise numerical predictions that we make – we’ve made many, many, many, but to really test them to say, the kind of accuracy that in fundamental physics one is looking for, which is usually at the percent level or better, takes a lot of time. 

Bingham: So, could you just give me an idiot’s guide, me being the idiot, of what we mean by talking about standard model, strong force and how the work that you did in quarks and color are fitting into this thing.  Can you…can you help me just…?

Gross: [00:07:47] Well, you know, there are – at the moment we recognize four distinct forces of nature.  Our ultimate goal is to unify them all as manifestations of one force, but we’re not there yet.  So, we really separate four kinds of forces that act on the basic constituents of matter which we call elementary particles.  And the first one is the one we all feel when we get up in the morning have to get out of bed, which is gravity.  And it’s the first one that was understood by Newton and it was really the beginning of quantitative physics.  But, by and large, until recently theorists have an…you know, after Einstein, who improved on Newton, haven’t had to worry too much about gravity because in the realm of atomic physics and the realm of elementary particles, the structure of ordinary matter, gravity plays no role at all.  It’s very, very weak.  You have to get a whole planet together to feel grav – the pull of gravity.  The forces that do or control the structure of atoms and matter and the real revolution of the last hundred years, understanding of what constitutes matter and how it – what it’s made of, and how it works, are governed by three forces and a totally new kind of mechanics.  New kind of mechanics is quantum mechanics that came along and was required to understand atomic physics and the forces, one of which we’re very familiar with outside of the atom, because it acts at large distances, and that’s the force of electricity and magnetism.  So that’s a first that acts on particles or objects that have electrical charge and are attracted or repelled from each other.  And that force is mediated by a field called the electric field, the magnetic field, the electromagnetic field put together by – unified by Maxwell to a theory that explained that and it’s also the force that control the structure of atoms and just about everything around us which is made out of atoms and collections and compounds of atoms and molecules.  

[00:10:15] So, that was pretty easily understood once one had quantum mechanics because the theory of electricity and magnetism was already there and once it was realized that atoms were made out of charged particles, electrons and the nucleus, very small center where most of the mass is contained which has a positive charge, then the rest was just figuring out how this force of electricity creates various atoms, the whole Periodic Table and how it leads to the formation of molecules and how they interact and come – that’s the origin of understanding of chemistry, of…and of all the structure of matter as we know it.  That incredible development of the understanding of ordinary atoms and ordinary matter continues till today where it has become -- that understanding has become the basis of modern technology of our quantum devices, of semiconductors, of our understanding of ordinary materials, of our ability to create totally new kinds of materials, but all that is based on this force of electricity and magnetism and the new mechanics that operates in the atomic domain, mainly quantum mechanics.  But, that still leaves two other forces out of the four we recognize as basic.  And that was much harder, took much longer and was much harder to understand because those forces operate only within the nucleus.  And the nucleus is incredibly small and it’s Rutherford, who discovered the atomic nucleus compared the size of the nucleus to the size of a gnat in Albert’s Hall, you know, so it was very hard to probe inside the nucleus.  It was too small to see with microscopes or anything like that.  One had to do what Rutherford did and smash nuclei together and see what comes out.  And that’s not so easy.  It’s like smashing Swiss watches and observing the cogs and wheels flying across the room and then looking at those products and trying to figure out how the watch works.  That’s what people – the only method we’ve ever figured out of how to figure and how to understand what goes on inside the nucleus.  And that began before the war, after the war were the big science and particle accelerators and when I came into the game, it was a mess.  As people smashed these nuclei together, new particles were created.  The protons, the neutrons, the pions, the kaons, all sorts of crazy particles with masses and they would live for a little bit and then decay to other particles and one knew – the theorists really understood very little.  Experimentalists were having a ball.  They were smashing these things together and new things would come out and they’d make discoveries every weeks and – but theoretically it was a mess.  

[00:13:35] But it was clear, you know, I wanted to be a theoretical physicist studying the most fundamental problems.  These were the most fundamental forces of nature that we didn’t understand and so that’s where the action was.  And in particular, I was inter – so, it turned out, by that – it was well understood there were two kinds of forces that were active inside the nucleus.  And they were different in their effects.  It wasn’t understood what they were or how they worked, but they – the phenomenology was quite different.  One is called the weak force.  And so, it’s responsible for things like radioactivity.  You know, you have nuclei like uranium which have a lot of protons and neutrons and every once in awhile they spontaneously fission to something else.  And we use this for dating, for example.  Carbon 14 spontaneously decays to a nitrogen.  It’s a spontaneous transmutation of elements.  Or we can induce that and that kind of radioactivity we now understand as a force that turns one kind of quark into another.  
[00:14:48] It’s a very weak force and it only happens very short ranges inside the nucleus.  So you don’t feel it outside.  It doesn’t effect the structure of atoms.  But then there’s a much stronger force that was known to exist and very mysterious and it was the actual nuclear force.  It was the thing that held the nucleon together.  It’s the thing that you liberate when…in fusion or the thing that gives energy in fission and of course, was well known as people started studying nuclei and it’s the basis of atomic…so called, atomic really, nuclear energy.  And it’s very strong.  The fact that it’s strong is the reason atomic bombs are so much more powerful than chemical bombs or TNT.  Which is based on electricity and magnetism.  That’s a weak force.  Weak force gives rise to low energies, low binding energies, not enough – not like the nuclear force which is much stronger and much more energy, powers the sun and so on.  

Bingham: This is the force that Robert Oppenheimer observed at the (inaudible)?  

Gross: [00:16:23] This is a little bit of that force.  And the force actually, the…fission, with the break up – which was the basis of the first atomic weapons, is just a little remnant of that force.  The force is actually much stronger.  That force is the analog, it turns out, in our understanding today of the force between molecules as opposed to the much stronger force that holds electrons in atoms.  So, anyway, that was where the action was and that’s what I really wanted to work on and did.  And that’s the force that ultimately, quantum chromodynamics, the theory that were led to from this phenomenon of asymptotic freedom explained.

Bingham: Right, and you mentioned quarks in there.  We’re talking about the strong force.

Gross: Right.

Bingham: And you’re talking about quantum chromodynamics –

Gross: So there’s these quarks and color, right.

Bingham: (inaudible) colors and quarks, so let’s deal with what on earth quarks are and why are they colored.

Gross: [00:17:09] Right, and so, let’s start with our understanding today.  So, the mystery, well, it took a long time to figure this out, because although there were hints already in the 50’s and in the 60’s that all of these strongly interacting particles looked like the pattern of particles and masses you got looked as if they were built out of more fundamental building blocks called quark.  And they were called whimsically quarks by Gell-Mann, who was one of the inventors, but nobody had ever seen them.  And that isn’t the historical tradition.  Normally if, you know, you discover building blocks, then you can see them.  So you knew that there were electrons in atoms because if you hit the atom or you put an electrical field, brought the electron near a conductor, you’d suck the electrons out and you could use them to make television pictures and to conduct electricity.  So there were electrons in atoms ‘cause you could take them out of the atom.  You could take the atom apart into its constituents.  And you could actually take the nucleon apart into protons and neutrons, but was the proton made of something?  Well, it looked like the proton and all these other particles, the neutrons, the kaons, all these particles that you could produce in the accelerators looked like they perhaps were made out of things called quarks which were strange objects.  They had fractional electrical charges.  No one had ever seen anything like that.  And if you smashed protons on protons, you didn’t get quarks.  You got protons and neutrons and pions and kaons, things that looked like they were made of quarks, but you could never get the quarks themselves.  So most people, including people who invented the quarks thought they were, they were just mathematical devices for summarizing the patterns of the elementary particles, but they weren’t real objects ‘cause you couldn’t produce them.  How can something be real if you can’t see it?  

[00:19:27] And it really bothered people to imagine that they had reality.  But, early after I graduated and I got my Ph.D. and started seriously working on my research, there were some experiments that gave pretty convincing evidence that if you don’t look at what comes out, but look at what’s there over a very short times, inside the proton, it really looked like inside the proton there were these quarks just rattling around.  Things that behaved, looked in many ways just like quarks, with fractional charges and all the properties of these quarks, including something called color.  There were just one quark.  Well, there actually were different kinds of quarks, but there was also a redundancy which we – with three labels which were, again, whimsically color, as if the quarks had colors, red, white and blue. And that’s the mystery that I focused on as somehow I – I wasn’t the only one who thought that this was really an important experiment to try to understand because it wasn’t just that you could explain the pattern by assuming quarks here.  You really could see the dynamics.  See quarks moving.  And what kind of theory could explain that if you could never pull them out?  How could they be moving around freely and yet, when you hit it hard, they don’t pop out?  So, asymptotic freedom was the name came up with after discovering the phenomena that explained why they behaved freely.  Why they moved around as if there was no force at all between them when you looked at them at very short distances or for short times.  But when you tried to pull them apart, the force became stronger.  And, in fact, we speculated that that was why you could never pull them apart, because in a sense, the force never lets up.  It’s unlike the gravitational force, you know.  It gets weaker as you go to large distances.  So you can pull the moon away from the earth if you had enough ener – you know, given a big enough push, it would go speeding off.  Where with quarks, we specul – and that’s what we believe today is the case.  That’s why you’ve never seen quarks.  So, it was the search to try to understand how this totally weird phenomena could take place.  That led me to finally find, as it turns out, the one theory that could do this.  The one theory within the framework of relativistic quantum mechanics that was our theoretical framework.  

[00:22:24] And so it inevitably led to what’s called quantum chromodynamics.  And that theory was very natural from the point of view of colored quarks, because the color could serve as the charge.  This theory is, in fact, a generalization of Maxwell’s theory.  Maxwell’s theory says charged particles interact through the electromagnetic field that couples charges.  Makes the electron go around the nucleus.  QCD, quantum chromodynamics, is a theory with three kinds of charges and they also affect each other through a field which is a kind of a generalization of Maxwell’s field called the chromodynamic field, electromagnetic, chromodynamic field and it mediates the force between colored quarks.  However, since there’s three colors, it’s more complicated.  You know, red can attract blue and blue can repel green and, you know, it’s…and the – because of that, the field itself has colors.  It’s not – it turns red into green so it’s sort of red-green and therefore the field itself can interact with itself.  It’s a non-linear complicated theory, much like the theory of gravity.  Einstein’s theory of gravity and much more interesting.  And can lead to this very, you know, at that time, what seemed to be totally bizarre phenomena such as asymptotic freedom or the opposite which we call infrared slavery!  The fact that you couldn’t pull quarks apart.  They were always enslaved and confined within the nucleon.  That, by the way, explained why you don’t feel the nuclear force when you get up in the morning.  It’s the strongest force in the Universe.  You don’t feel it.  Why don’t you feel it?  Because it’s so strong that as soon as you have two colored objects, they come together and form little, little, eensy-beansy nucleons.  And in the nucleon, the proton is neutral.  It has no color.  It’s white.  It exerts no strong force on another nucleon because they’re both neutral.  There’s a little eensy-beansy molecular like force left over between these two neutral quark atoms, nucleons, which is responsible for what we know if we get inside the nucleus, is this enormously powerful nuclear force that leads to hydrogen bombs.  But that’s just a teeny remnant of this much more intense force that’s holding all those quarks inside the nucleon.  It’s a just the little force that leaks out and it only operates when the nucleons are very close together.  So that’s why you don’t feel it.  Everything is neutralized.

[00:25:19] You don’t feel electricity most of the time, if you’re lucky.  If you walk on the rug on a dry day and you get a little charge, and you touch a piece of metal, a spark will fly and you’ll feel a bit of electricity.  Again, most of the time you don’t feel electricity, electrical forces is that they immediately neutralize.  They’re so strong that they immediately neutralize.  But the strong force is so much stronger and that’s why you never feel it.  

Bingham: I must say, I can’t stop having this image of Alec Guinness saying, “May the Force be with you.”  

Gross: [laughter] Right.  
Bingham: This is an interesting path to have gotten to from being – deciding at the age of 13 to be a theoretical physicist.  You weren’t – were you…you were not in America?  

Gross: No, I was in Israel at the time.

Bingham: So, what is the story?  You were in – were your parents scientific or…?

Gross: [00:26:15] Well my fa – no, no, no, my father worked for the government.  He was – he worked for the U.S. government in various capacities and he went to Israel when the Republicans came into power (laughing) with Eisenhower.  So he and a whole bunch of ex-Democratic economists and so on, he went as part of an economic advisory team.  And so he went to Israel at that time.  And…

Bingham: As a protest to it (laughing)? 

Gross: [00:26:53] No, no.  Just as a job, you know.  (laughing)
Bingham: Oh, okay.  

Gross: [00:26:56] When the parties change, you have to find a job outside of government if you’re, you know, so he went as part of an economic advisory team…advisory group of Americans who went to help Israel solve its economic problems and we all went there.  And that was a two year stint.  But…uh…and quite an adventure, I must say, at that time.  But he stayed on for some years later at the Hebrew University and I went to high school there and college.  

Bingham: Okay, so, I mean, Israel was…

Gross: Was very young.  

Bingham: …1948…

Gross: [00:27:34] Well this was, no, this was ’53, so it was the 50’s.  Israel had already been there for some years, but it was certainly the beginning of a new state and a very challenging time for Israel and a very exciting time.  And quite a change for me from growing up in Arlington, Virginia outside of Washington.

Bingham: When we first…when we first talked it was at the…actually the Annus Mirabilis Celebration of Einstein’s 1905 discoveries and papers.  So, this was 2005 and it was a meeting that was being somewhat organized by the Hebrew University, as you recall.

Gross: Right.

Bingham: This connection between Israel and physics, if I look through the list of Jewish Nobel laureates… 

Gross: Well, but they’re not from Israel usually.  (laughs)
Bingham: No, no, no.  But there’s a connection there…

Gross: [00:28:34] Yeah, it’s been…right.  Well, there are all sorts of theories.  (laughs)
Bingham: Yeah.  

Gross: Partly it’s just immigrants, you know, immigrants from communities that value education succeed very well.  At the moment in the United States, it’s not so much the Jewish immigrants.  Those have been here for a few generations and populate, now, Wall Street (laughing) and other avenues where access is available, but first, second generation immigrants with strong cultural traditions do very well, especially in the United States and that was true in Europe too in the beginning of the last century as emancipation provided opportunities for Jews which they didn’t have before.  And they came from a community which really had a lot of respect for education and scholarship.  
Bingham: So, you’re growing up, you’re 13.  You were interested – well, you’re at high school in Israel.

Gross: Right.

Bingham: And you didn’t stay and go to university?  

Gross: [00:29:54] No, I did actually.  I went to the Hebrew University and then from there I went to graduate school in Berkeley at the University of California.  That was really lucky that I went to Berkeley because Berkeley was really exciting at that time.  Both culturally and scientifically.  

Bingham: Your advisor was Geoffrey Chew, right?

Gross: [00:30:15] My advisor was Geoffrey Chew who was a very interesting exciting person to be around at that time.  

Bingham: Known for what theories?
Gross: [00:30:26] Well, he was very much of a charismatic leader of a rather radical approach to the strong interactions, which I must say, attracted me.  Physicists are, especially in the last century, since that great revolutions of relativity and quantum mechanics, are always wondering whether the next revolution is around the corner.  And he was promising a revolution.  He was the strong force, the strong interaction among nuclei and was so hard to understand by traditional techniques and traditional methods, this framework of relativistic quantum mechanics, that Chew, among others, decided that, well, a revolution was needed and all the old concepts that one was applying were in applicable or useless and it was a very impassioned, you know, very attractive for a young graduate student.  And for most of my colleagues who got sucked into this.  So he led this new movement, but which was based on general principles without specific dynamical theories.  And it was called therefore, the bootstrap, you know, you…it was sort of a theory based on self-consistency and some people found it very appealing.  I must say, after about a year or two, I got pretty tired of it because it was very (laughs) self-consistency only leads you so far.  You need more meat to your theory to give it some power and it --

Bingham: And it’s supposed to – we together were at the beginning of the Origins symposium at Arizona State University, ASU, and there were a lot of spectacular panelists there.

Gross: Yes.

Bingham: And you were –

Gross: [00:32:49] I was on the anthropic…

Bingham: You were on the anthropic panel and that took – I sense the same response that you had (laughing) to Geoffrey Chew’s stuff.  Eventually you…you basically – it sounds as though you didn’t think much of the anthropic principle and that it lacked rigor and you were somewhat…contrarian on that battle. 
Gross: [00:33:10] Well, in the case of Geoff and his ideas, I was enormously attracted initially.  And even philosophically to this new idea.  I think all people are attracted almost philosophically because it…the idea that you could have – the fact is, I went to a wonderful philosophy call at Berk -- when I was a graduate student at Berkeley which I – most physicists usually don’t do, but by Paul – I don’t know whether you know Paul Feyerabend, who was, I guess, who was quite something.  Anyway, it was enormously exciting, but also in the end I discovered – I thought it was a lot of, if you’ll pardon the expression, BS.  But, it was alluring to imagine that the traditional way of laying down theories of nature was to be superseded by a kind of mystical, almost, bootstrap approach in which principle A led to principle B which led to principle A, so you never had to insert axioms or structure or emerge from self-consistency with, of course, some general principles.  But in the end it was rather feeble in its power and I was…and I really was searching for some clue to something that was much more predictive and powerful in explaining things.  

Bingham: What’s your beef with the anthropic principles?  

Gross: [00:34:58] Well, I discussed that event at Origins which I – which is on your website (laughs) in fact, and I thought I did very well.  I went back and looked at it.  I thought I did very well there and…but, it took about 20 minutes.  I just suspect that it – well, my experience with Geoffrey Chew and that movement, it really was a movement of bootstrap, led me to understand a few things which I think also applied in the case of anthropic principle, which I hinted at in that response.  One is, the timidity – physicists are very arrogant, and for good reason.  They have been extraordinarily successful in applying their methods, starting with Galileo onward, to the understanding that the reward is unbelievable.  How much we understand and what unbelievable control we have over the world down to the structure of atoms.  So they’re pretty arrogant, and therefore, if there is a problem that they focus on, spend a lot of time measuring and – especially theorists – trying to understand, to calculate, to build a theory and after awhile, which in the case of some people is 5 years, they are…they don’t succeed, they come to the obvious conclusion, which is not, by the way, a conclusion that you might come to if you were more modest, that well, they’re just too stupid or not ready or they haven’t yet the right amount of information to solve the problem.  They have to wait.  That’s one conclusion you could come to.  But normally, they come to a different conclusion.  They come to the conclusion, well, there is no solution.  Or there is no solution within the methodology that we’ve been using, which is perhaps, true.  But, a little arrogant.  And that’s what happened, I believe, was the origin of this movement that was led by my advisor about the use of quantum field theory or the use of the theoretic apparatus that one had at the time, applying it to the strong interactions.  They tried so hard.  They couldn’t get anywhere.  Therefore, all apparatus was wrong.  

[00:37:32]:Or, you know, well, they just don’t know enough or haven’t had the right ideas.  That’s how it turned out to be.  And the same is true, I think, of the anthropic principle.  That’s a – at the moment, it seems like an intractable problem.  Certain aspects of the Universe the way we know it, especially the value of the vacuum energy seem to be intractable, and one way out is to say, okay, there is no answer.  It’s just selective anthropically.  You’re never going to be able to calculate it.  The other possibility which I tend…suspect is probably correct, is that we just haven’t thought of it yet.  We’re not smart enough.  We don’t have the right clue.  We haven’t made the breakthrough.  But, anthropic arguments – that’s one of the things that bothers me the most is that they give you an easy out.  If you explain something anthropically, you’re essentially saying there is no deep explanation.  There is no way of calculating this property of the Universe.  Anything’s possible.  It’s just that if it wasn’t like this, we wouldn’t be here to ask the question.  And I find that to be a just so story that gets you off the hook.  

Bingham: Do you have a sense that any of those people who espouse to those ideas are driven by a fundamental need to find meaning in the Universe, a design in some way?  

Gross: [00:39:02] Well, this is – the anthropic arguments are more lack of meaning to some extent than in…and, you know, it’s interesting the discussion in the press there – there hasn’t been much, of the Catholic Church or religious…religion to anthropic arguments.  Some people, because it’s complicated, some people say, well, anthropic arguments sound a lot like intelligent design.  And therefore they are almost semi-religious in appeal, but they’re not really intelligent design, they’re more like Darwinian design.  Everything is possible and a few of the possible worlds, intelligent life can exist to ask the questions so it’s no surprise that we find ourself in a few of those worlds that allow for intelligence too.  So, it’s more Darwinian, not driven by natural selection, but by – what I find disturbing about it is it gives up.  It’s giving up.  It’s actually…the other thing I – which I also said in the symposium that I didn’t have time to amplify on – is I find is fascinating that it did – the anthropic principle as a scientific principle differs from every other scientific principle I know in that it thrives on ignorance.  Every other scientific principle, say the principle of relativity, the more we know about the Universe, the more we test our ideas, we more we understand, the stronger the principle becomes.  

[00:40:55] The principle of – the anthropic principle is just the opposite.  If we understand a phenomena very well, then it’s no longer in the domain of the anthropic principle.  The anthropic principle only refers to things that we don’t have the clue about how to understand or calculate.  And in it’s first applications, it’s an old – the general approach is very old.  It goes back to the 19th Century or probably before, when people were faced with things they didn’t understand or couldn’t figure out how they possibly couldn’t understand, resorted to anthropic arguments, but they were often applied to areas of physics which we now totally understand and therefore they’re no longer applicable.  The anthropic principle no longer covers them.  It only covers what we don’t know.  It thrives on ignorance.  And the more we know, the less room for anthropic arguments there are.  There’s no anthropic argument, for example, nobody would make an anthropic argument that ice has to float instead of normally the frozen state of a liquid is heavier than the liquid and would sink.  If ice didn’t float, but sank, the oceans would fill with ice.  Life, intelligent life probably would never have evolved on the planet, but no one argues that water has the – could have had that property in all the other universes and therefore, no, because we can calculate the specific density of water in its…in the ice phase and it follows from very few things in our understanding of atomic physics that ice is lighter than water.  So, you don’t use anthropic arguments.  It’s the only principle that thrives on ignorance and something just smells wrong to me about invoking such a principle.  

Bingham: Let me go to another part of physics and see what your response is to this.  Because I’ve been asking people about this for 20 years.  Including David Boehm.  Let’s go back to Einstein, Podolsky, Rosen, issues of locality and non-locality.  Okay, so John Stewart Bell entanglement, spooky action to distance apparently, and entanglement and a recent book by Louisa Gilder called The Age of Entanglement which chronicles much of this.  I’d like to get your sense of what you think about entanglement, also because you have thought about this from a – I suspect from a philosophical perspective.  We’ve talked about Spinoza before.  There are links to be made here.  Are they spurious links or is there something there in which, even possibly an ethic could derive from that kind of entanglement perspective?

Gross: [00:44:02] (laughs)  Oh!  Well, I…I haven’t thought about – well, my attitude about quantum mechanics – in quantum mechanics is one of the most powerful things we’ve constructed or, you know, in our understanding of nature.  But it’s rather young.  It’s been here for about, oh, I don’t know, almost  maybe 90 – in its final form, the beginning of the final form, 85 years.  That’s one lifetime.  It’s very short and because of that, to some extent, physicists really haven’t – aren’t yet comfortable totally with quantum mechanics.  Even, pretty hard to find a physicist who believes, you know, really believes that it’s going to fail somewhere.  It works so well in so many aspects.  So, it’s correct.  It might be superseded or encompassed in a greater framework, and I do believe that.  But, it’s not going to, I believe, and somehow take us back to the classical world, deterministic world where people are still, to some extent, more comfortable.  I do, again, just, you know, of my reading of history and love to – I’m a real student of the history of science – to believe that part of the problem is simply…is again, not because something’s wrong with the theory or it’s just – we have to be a bit modest and say it’s too early in the development of this…of the concepts of quantum mechanics.  80 years is short compared to cases where look back on the history of physics and it’s taken for concepts to truly be understood and, over my lifetime, or certainly over the 80 years that we have from the beginning of quantum mechanics.  If you look at our understanding of quantum mechanics, it’s continued to deepen in very significant ways.  

[00:46:37] Basic framework hasn’t changed, but our understanding of the concept has deepened enormously and I imagine this will go on for another hundred, two hundred years.  It takes many generations.  So part of the problems, I believe, are simply – part of the problems we have, or physicists still have with quantum mechanics, are simply because it’s too early.  We have to recognize that.  And I can’t say, okay, well I recognize and I’ll step outside of that and…I can’t.  I’m stuck, like everyone else, at this historical point in time.  Still, I’m not so bothered by some of these problems that people have with entanglement and actually, – certainly with the problems that Einstein had.  Einstein demanded that there be what Bell talked about a “beables” a classical picture of what is reality and in that picture, he pointed, you know, with the Einstein-Podolsky-Rosen paper to an aspect of quantum mechanics that simply conflicts with that.  With his demand of what a physical theory should be.  So, he was wrong.  I mean, we’ve tested those – and we…people continue to do heroic experiments where they test – personally I think they’re sort of redundant.  They’re not – you know, we know what the result is and it…and I think the main benefit of some of those unbelievable experiments is the leaps of experimental technique and technology that doing the experiments forces you to undertake.  But, they’ve been tested, you know?  It works.  It is the way quantum mechanics predicts and not the way Einstein would have liked.  He was wrong.  

[00:48:53] Is that bothersome?  Well, I think it’s incomplete.  It’s not bothersome to me at all, it’s incomplete.  And it’s very interesting, some of the effects you have that clash a bit with the classical mindset that we’re initially taught as children.  But it doesn’t bother me or suggest to me that there’s some contradiction, that there’s something that has to change or that there has to – especially that there has to be a regression to a more classical deterministic picture.  In fact, in my opinion, if quantum mechanics is to be superseded or more likely to be encompassed into something else so that it looks a bit different, it’ll be worse, not better. Things only get weirder as we learn more about nature at its fundamental level and there are places where I am, you know, see where totally, where weirdness can start occurring or might occur.  And will probably make even these kinds of questions maybe fit in, in a more holistic way, but not, but it otherwise would be even weirder.  

Bingham: Do you make any connections between your day job and larger philosophical quasi-belief, religious issues?

Gross: [00:50:45] Well, not on religious issues.  I’m very much an atheist, but – and the problem with these other questions, well, Spinoza, we told – you talked about Spinoza, is interesting because he was very much of a, you know, -- it’s fascinating to read Spinoza, which is why I’m sure Einstein appreciated him because he tried to construct an ethics in an axiomatic way based on what seems like quite reasonable postulate such as, you know, the primary goal of life or of an organism is to, in a sense, assure its own homeostasis, well being, it’s survival.  And to try to find a basis for morality and ethics that was not based on some outside force or presence, but rather on biology.  The…I mean, I would love to ha – I mean, the distinction between philosophy and physics is pretty blurry.  And by and large, physics has taken over most areas of natural philosophy that used to be called philosophy and philosophers don’t enter into the discourse anymore.  Very few philosophers wander into the discourse of modern physics.  Partly because they don’t study modern physics and…so they don’t have much to contribute.  So I don’t find much in philosophy nowadays that is of much use.  However, the questions that one is asking are philosophical in nature, you know?  I mean, in our attempts to understand our quantum theory of gravity which, according to Einstein is a theory of space time, trying to understand the quantum theory of dynamical space time, we’re led to ask questions about space and time which are, you know, among the primary philosophical questions that have always been asking, but we’re asking them in totally different ways and led in totally different directions ones where by our theoretical speculations which are intimately related with our current theories of elementary particles and of quantum gravity.  So, I think physicists who are interested in those kinds of issues, for example, the beginning of the Universe is another philosophical issue, well, you know, I haven’t found philosophers or religious writings that have been very interesting about that question.  

[00:54:07] And in general, I find that to be true of most questions that are not approachable scientifically.  The answers are pretty boring or – so, however, there are these questions like space time, the origin of the Universe, which are, you know, certainly philosophical in a sense, but they’re now being addressed scientifically and that’s really exciting.  

Bingham: Let me read – bring a couple of things up here that you’ve mentioned already and ask you a question about it.  You mentioned Paul Feyerabend, from Berkeley and his book Against Method. He said on the first page of that book, “Successful research does not obey general standards, it relies now on one trick, now on another.”  “Now on one trick, now on another.”  And let me also pick some comments here from a chapter by Steven Shapin, who’s a wonderful historian and sociologist of science.  He listed some contentious and provocative meta scientific claims here.  one, there’s no such thing as the scientific method.  Two, modern science lives only in the day and for the day.  New knowledge is not science until it’s made social.  And independent reality in the ordinary physical sense can neither be ascribed to the phenomenon or the agencies.  Modern physics is based on some intrinsic acts of faith and so on and so forth.  And then, there are 11 of these.  And then he says, I’ve been hoaxing you.  These are all statements that were made by scientists.  And some of this is Dick Lewinton.  Some of this was actually in – is a Vernovsky quote.  Some of it’s Steven Weinberg at some places.  The sense of what science is capable of doing constitutes and so on and so forth is, in my mind, not clear to the general audience that we hope watch the Science Network.  There’s a sense that it delivers certitude, which plainly, it doesn’t.  So these…these critiques about – is there a scientific method and Feyerabend saying, “No there isn’t really a scientific method.”  It’s one thing or another.  Getting some clarity about what it can do and what it can’t do and not overpromising, a meliorist profession rather than a triumphalist profession.  I’d like to get your thoughts on that.  I ask because of this whole context in which President Obama used in his augural address where he talked about restoring science to its rightful place.  I would like us to start doing things on the Science Network, getting comments from people about what is the rightful place of science in the year 2010, the 350th Anniversary of the Royal Society.      

Gross: [00:57:14] Well, you know, so, I was present when Obama spoke to the National Academy this year, in April.  And it was an electrifying moment.  It was worth, I had to get up in 5 in the morning and go through security and sit, wait 3 hours (laughs), but it was worth it and the hall was packed with enthusiastic scientists.  And he gave a marvelous speech on science.  I don’t know whether you put that up in your web, but it’s really a great speech.  And talked about restoring science to its rightful place and what struck was there were two places where he got enormous applause.  The first was…and the largest was when he said something like, in my administration science will be restored to its rightful place.  Where facts are facts and on and on, so…there…that rightful place…by rightful place I think there he meant that science will not be politicized.  And that scientific facts will not be ignored for politics for profit in his administration which is what many of us felt was happening in the previous administration where – and the one thing scientists, although as you say, are all scientific conclusions are always tentative, and subject to further test and perhaps contradiction or…still, that – facts are facts.  And theories are theories and the idea that one can ignore scientific conclusions tentative as they might be, you know, with the care that scientists are sort of feel incumbent upon themselves, and justifiably so, to make about conclusions, but to ignore conclusions, say about the effects of global warming for political reasons, that was blatantly carried out in the previous administration is wrong and harmful and in the long run, disastrous.  

[01:00:15] So, I think the audience clapped because of the political implications of the administration saying that we’re not going to ignore scientific fact and that, if one has a situation where – you know, we have methods in science like no other field, of arriving at conclusions and even agreement among experts, that doesn’t mean there aren’t, you know, that all critics have been…have been executed or stifled.  It just means that we do have methods at arriving – which work pretty well and they’re divorced, by and large, from both power and profit motives.  And that they should be respected.  And that’s what Obama promised to do in his government.  And that’s very important…and, especially, you know, on the many issues where science must be asked to give an opinion that is taken seriously with the yellow bars and with the caveats and with the uncertainty that is inevitable in all parts of knowledge.  There aren’t always two sides to every argument.  And, you know, the most – and the government has to acknowledge that and state that and recognize that from the beginning, just as the media does.  And the media hasn’t changed, but hopefully the government has.  

[01:02:11] The other rightful place, the other place in the speech where he got thunderous applause, the line about facts are facts and restoring science to its rightful place, he knew was an applause line and he paused and he got a standing ovation.  But there’s one other place in the speech where he got a standing ovation and he wasn’t prepared for it.  (laughs)  He was surprised.  Someone had inserted in the speech the fact that the promise that he would, under his administration, increase the number of NSF graduate fellowships by a factor of five.  The audience exploded!  And he was a bit surprised.  Didn’t expect (laughing) such reaction.  But, of course, half the audience had gotten an NSF graduate fellowship when they were students.  The audience by and large were people who had enormously benefitted from the increased support for science in education during the Sputnik era.  And what they were hearing was, we are going to again restore science to its natural place which means that we will fund it and push research in both basic and applied science.  And that’s the second meaning that we sense now, hopefully, is occurring in Washington.  The feeling that again, in the last 10, 20 years, science has suffered a lot.  Certainly in comparison with post-Sputnik.  The support of science has been like the support of many other aspects of infrastructure and our economy and society.  But, in particular, science, particular basic science has suffered a lot, and…especially in comparison with some of our economic competitors.  And it’s the rightful place of science is one where there is much more support on a more constant and less fluctuating basis for basic science that, in the end, is necessary both to compete economically now, not militarily, but economically and to solve many of the problems facing society.  So, the audience certainly felt, as most scientists do that the Obama administration is promising to restore, in that sense, science to its rightful place. 

[01:04:57] There’s of course the flip side of that.  It’s not obvious what the rightful place is.  Scientists, like any other group, are – have unlimited greed and could imagine the amount of money that society is willing to spend on basic research increase without bound and they’ll have to temper their expectations, but many of us do feel that the neglect of the last 20 years has done a lot of harm and not helped society and – or culture and that that should be changed.  Obama is promising to do that.  

Bingham: What would your answer be?  

Gross: [01:05:50] What the rightful place of science is?  Well, I do believe that, you know, the famous remark of Robert Wilson, who constructed the big accelerator at Fermilab and when asked by the science committee, “How will this new particle accelerator help protect the United States of America?”  And he said, “Well, in no direct way, but it will make the country more worth protecting.”  So, you know, basically, at a fundamental level, science is worth pursuing for the reasons that I’ve gone into science.  I mean, that’s an exciting…we just want to know the answers to these wonderful questions.  And we have a responsibility to explain the answers when we start – and the discoveries we make to everyone else that is helping us materially, you know, through the taxes, find the answers, but I think, you know, that’s one of the goals of human society is understanding and so, in a deep sense, that’s the goal that – that’s the reason a scientist like me goes into science and I would hope that it would be – was shared by society, be willing to support that, and by and large, that has been the case.  I mean, astronomy being the best example.  There are few benefits to technology or to economics or anything direct that understanding the history of the Universe has bought us, but it’s something we’re all fascinated by and are worth – it’s an activity worth supporting.  But then indirectly, the benefits of science has been, you know, arguably a major driving force behind the technology that seems to improve our lives and make more things possible.  Both longer life and a richer life if used wisely, also.  So, I think it’s both smart and enhancing of life to support it and the – what level is not so clear to me.  You know, there’s no absolute answer to that and it’s always a struggle.  As it should be.  And there is a problem because in some areas of science, including the ones I’m most (laughing) interested in, science has become more and more expensive.  Bigger and bigger.  There is a limit to any such activity and in some areas we’re approaching that limit.  And how far we can go is not clear and I don’t know if the right answer is in elementary particle physics with these big accelerators.  We’re at the point where it’s clear that the next steps are perhaps, unless we come up with some new ideas and cheaper ways of doing it, are getting to be unachievable.       

[01:09:50] Alas, this new accelerator that is turning on this year in Geneva, the large atom collider cost about 10 billion dollars and took 15 years to build and is the most amazing technological achievement that’s ever been attempted on any scale in any – and might be just at the brink of complexity and cost and size of both time and…that is the limit, at least at this stage in human development.  

Bingham: If you hadn’t been a scientist, is there something else you would have wanted to have been?

Gross: [01:10:35] Well, if I hadn’t been a physicist I probably would have wanted to have been a different kind of scientist.  Something else.  Not really.  Everything else seems less important.  (laughs)  Less interesting.

Bingham: I’m going to give you a dinner pass.  You can have dinner or lunch with anybody, anybody historical as a…

Gross: All right.  (laughs)
Bingham: Who would you like to have dinner with? I’ll make the reservation.  

Gross: And you’ll provide a translator?  (laughs)  

Bingham: For sure.

Gross: [01:11:06] I don’t know, there’s so many.  Well, there are many physicists I would have – I didn’t get to meet, that I would have liked to meet, including Einstein.  Would have been…you know, this is – these questions are always impossible.

Bingham: Einstein would be one answer, though. 
Gross: [01:11:24] Well, Einstein would be one, absolutely.  And he was a good conversationalist.  (laughs)  

Bingham: Let me just ask you one last thing ‘cause we…we’re running out here.  What are you optimistic about?  

Gross: [01:11:39] Oh, in general, I’m a very optimistic person.  Actually I have a theory that – most scientists are opti – most successful scientists are optimists because otherwise, they would have given up and they wouldn’t have (laughing) had successes.  It’s very…if you’re exploring new territory, you better be optimistic.  Because you’re going to be faced with lots of failures and lots of wrong end and there’s so many ways to give up.  Unless you’re, you know, very driven, optimistic and can see that you might make it, you know?  So, even in difficult circumstances, I think I’m selected – you’re interviewing me because I’m an optimist.  (laughs)  If I hadn’t been an optimist, I wouldn’t be sitting here.  So, I’m…in general optimistic about everything.  I can’t think of anything I’m truly pessimistic about.  But, the problem is not always in whether your attitude is optimistic or pessimistic.  It’s what’s the real goal?  And then I have a lot of uncertainties.  But I’m more uncertain about the goals sometimes, I suppose.  If I know what the goal is, I’m pretty optimistic that we’ll…and, if I know what the problem is, I’m pretty optimistic we’ll find a solution.  It’s not always obvious what the problems are.   

Bingham: When you say goal, I mean, you’re talking in larger terms here? 

Gross: [01:13:19] Oh, in social terms and, you know, and…any…anything, any area you wish to – my…in science, my optimism, which is also partly based on just reading of history and my own life, is that when problems are well posed, and issues are well posed and, in a sense, nature sets the goal, you know, understanding the various phenomena that we observe that are revealed.  But those goals are achieved.  In society and even in one’s personal life, the goals are not always so obvious.  They’re goals that we seem to be (laughs) moving towards, but it’s not clear that we’ve really exercised what’s always thought and we’ve chosen those goals as opposed to --  

Bingham: And they’re not well posed.

Gross: [01:14:18] They’re not well posed in the scientific sense.  I mean, I like – you asked me about thinking about philosophical issues.  Well many philosophical, what I would call truly philosophical issues, not yet scientific and my distinction between the two is whether they’re well posed.  Otherwise, there’s something rather than nothing.  And when I give public talks about our hopes for a unified theory, our hopes for an understanding of the origin of the Universe, things like that, then people say, “Yes!  But, what about why is there nothing…something rather than nothing?”  Now, that’s a question we all ask and has always been asked and it’s a philosophical question or a religious question.  But it’s totally opposed.  I mean, and it’s not subject to, as far as I can see, to the tools that really work.  Observation, experiment, calculation, you know, and so, I’m much less interested in such questions.  I mean, you can’t avoid them often, but they’re not interesting because I see no way for – to make progress on them.

Bingham: So you would say the science can do the what question and the how questions, but not the why questions?  

Gross: [01:15:40] No, it doe – no, I’m…no, no, no.  It does the why questions.  Sometimes.  But there – but the ground has to be ripe.  So, why is there something rather than nothing is sort of the, the ultimate why question and I can’t imagine a way of approaching such a question or answer, why…you know, why are there three families of quarks?  That’s a why question.  We have a theory, the standard metal says, okay, there are three families of quarks.  It’s one of the elements of the [unintelligible] and it works.  We can calculate the properties of quarks with that as one of the ingredients.  Why?  There are three forces.  One is based on – they’re all based on different symmetries.  One is based on the symmetry, that symmetry, symmetry.  Why?  So, we don’t know the answer to why.  But that’s a why question.  Those are both why questions.  Why are there three families of quarks?  And why are there three forces?  That why question is driving our current speculations.  We’re indeed at the stage where we’re asking why questions.  But not all why questions are ripe.  My reading of the history of science is that eventually, there comes a time where the why questions become ripe for scientific investigation and once that happens, it’s usually less than one generation till they’re answered.  Why did…you know, or – it’s a how and why question, but the beginning of the Universe is a question that until recently was philosophy and religion.  Now it is beginning to be science. 

[01:17:58] And people can write articles about their theories, their speculations about principles that led to the Universe, that produced the Universe, that made the Universe begin.  And that’s a change because 50 years ago, it was sort of outside the realm of physics.  So, I suspect, being an optimist, that once we have a question like the origin of the Universe, that has become scientific, approachable certainly by theorist’s speculations, but even the experimenters who try to observe gravity waves coming from very – right after the big bang, that within a generation, will know the answer.  Imagine that?  Knowing the answer.  Having a reasonable quantitative theory which makes certain predictions that could be verified as to origin of the Universe.  That’s something I’d like to see and I’m optimistic.  

Bingham: David Gross, than you very much.  

Gross: Pleasure.
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