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LS: Yes.  Right.  Well, let's get ourselves underway here.  This is an oral history interview 

being conducted between Dr. David Pritchard and Lee Sullivan on September 4th.  Dr. 

Pritchard, thanks very much for taking the time to sit down and talk with us today. 

 

DP: Sure, I'm happy to do it. 

 

LS: I wanted to start out by asking you a little bit about your background and your 

upbringing, and when you first became interested in science. 

 

DP: Well, I suppose you have to start with your parents.  My parents were both poor, my 

mom very poor because her dad died when she was eleven, and my father was not poor, 

but not even middle class.  They were the first in their family to get any kind of college 

education.  My dad got a Ph.D. here at MIT because it was a local school.  He lived in 

Medford, and my mom got a master's degree at Boston University, which is probably 

how they met because she came from Vermont.  And my dad also was in electrical 

engineering and worked in yesterday's Silicon Valley, which was called 128, Route 128 

around Boston.  He worked in small electronics companies there.  So, I grew up with the 

usual interest in taking apart clocks—I could actually get them back together, but I 

couldn't fix the main spring—and cap guns, and ham radio, and flying model airplanes, 

and making your own arrows for archery, making all kinds of models, model boats and so 
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on.  But if you want to know when I was really identified as being interested in scientific 

things, I think it was at age seven months when my mother came to me in my crib one 

time, and it was getting dark, and she said, "Oh, it's dark in here, I think I'll put on the 

light," and she said, "You looked at the switch."   Apparently, I'd already figured out that 

electricity was the way of the future. 

 

 And when I was three and a half, my parents asked me – we were moving to Milton, 

Massachusetts.  My parents asked me, "Which house do you want?"  And I said, "The 

one with the red switch," which turned out to be the one we bought because I had noticed 

that on the way down to the cellar, there was a red – a switch with a red switch plate 

which shut off the burner in case of fire.  So I think that was a pretty early program.  In 

fact, there's one nice story that my mom told me again, and she said when I was five 

years old, I'd asked my dad a question on some scientific or engineering, or whatever 

kind of topic, and he'd said he didn't know.  And I went to my mom, and I said, 

"Mommy, dad is really not very smart because he can't answer my questions, and so I 

wonder if there's someplace that I might be able to find smarter people."  And she said, 

"Well, he went to MIT, so maybe there are smarter people there."  So I said, "Okay, well, 

I'll go to MIT."  And that turned out to be a prophetic remark, because I've been here for 

forty years. 

 

 You know, in thinking back about when I became a scientist, I think people always ask 

you, "Well, were you interested in electronics, or ham radio, or something like this?"  But 

really, there's an attitude there too.  The attitude that you question things, you try to 
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understand them, you try to understand them from different points of view if you already 

understand them from one point of view.  And that I clearly owe to my dad, because we 

had all kinds of discussions at the table, and I did find some more questions that he was 

unable to answer.  But by and large, I think I received an excellent –by and large, I 

received a real heads up on science, and the way to think about things in those 

discussions with my dad.  Nevertheless, partly because he had been an electrical 

engineer, and partly because of my interest in ham radio, when I went to Cal Tech, I 

wanted to be an electrical engineer.   

 

I thought electronics was great.  The transistor had just been invented, it was pretty clear 

that electronics were going to really take off in my lifetime.  And, in fact, I wasn't far off 

the mark, do you think?  But I took an electrical engineering course, and I found it very 

unsatisfactory.  I found that they had a lot of formal manipulative techniques and 

formalism all based on things that, to my way of thinking, weren't fundamental.  They 

just didn't get down to how do these things work?  What's really going on in the 

electronics?  It was just sort of, well, there's a black box, and it has these properties, and 

it has those properties.  You put them together, and then you have the system, da-da, da-

da, da-da.  And I just didn't like that way of thinking, and so I switched over to physics, 

and said, "Well, maybe I'll switch back to electrical engineering in graduate school."  

And I guess I should add that, being an experimental physicist and being involved in 

things like the Optical Society involves a lot of people skills and political skills.  And I 

think that my career as an undergraduate officer, president of my student house and 
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secretary of the student body were helpful preparation for that kind of avocation, or 

vocation. 

 

 So when I got to Harvard, I spent the first summer working in the Cambridge Electron 

Accelerator, which was then the most powerful by a factor of four electron accelerator in 

the world. 

 

LS: About what year are we talking about? 

 

DP: That was in 1962.  But I was not enamored to that field of research because the people 

didn't really understand the theory that they were doing.  They couldn't even talk to Julian 

Schwinger, who won a Nobel Prize for the kind of theory we were testing on our 

experiment.  They needed a go-between like Sidney Drell to kind of explain the theory in 

experimentalist terms.  And I found that very unsatisfactory that you couldn't understand 

what you were doing on a really deep level.  And also, the scale of the experiments was 

big, and the maneuvering time in the experiments was long, and people forty years old 

were the ones who were making – who were calling the shots, and I was only twenty 

then, so I didn't want to wait till I was twice as old. 

 

 So I started looking at small science, and the thing that really caught my attention was the 

group of Dan Kleppner and Norman Ramsey, which was doing atomic physics.  Now all 

of my friends assured me that atomic physics had had its heyday, and was dying if not 

dead already, and that that was a pretty foolish decision that I should go into high energy 
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or nuclear physics.  And I was trying to argue with them, "Look, the government can't 

keep supporting this big physics at the scale it's doing because the investment per person 

was increasing exponentially.  And at some point, we won't continue to get that kind of 

increasing support," which, of course, turned out to be true for all of science, but I wasn't 

quite that prescient then.  So I went into atomic physics in Dan's lab, and started up a new 

experiment – well, I should take that out. 

 

 Dan and Norman had, just about four years before that, invented the hydrogen maser, 

which is a very precise atomic clock.  In fact, it's still in use today for some applications, 

it provides the best time standard.  And Dan had an idea of branching out into an 

experiment with trapped ions that involved monitoring the spin condition, spin state of 

the trapped ions with atoms that scattered off them.  And so I got worried, since I was 

working on this experiment, that it wouldn't work.  That it wouldn't work because we 

hadn't looked carefully at the collisions.  And so I started, actually for my oral exam, I 

got sidetracked on a new theory that I kind of worked out, but later found that it was 

already well-known, it was called pseudo-potential theory, for calculating the interaction 

between atoms that are fairly-weakly interacting, and made some predictions and actually 

have a bulletin, atomic – what is it?  The Bulletin of the American Physical Society paper 

that I gave about a showing that the theory predicted strong spin exchange at ten degrees, 

and we measured strong spin exchange at ten degrees.  Well, then Dan and I wrote a 

proposal to do scattering of spin polarized atoms and really study this process in a 

separate machine, and that got funded.  So that became my thesis, and I wound up 

making a machine that, well, it wouldn't fit on this table for sure, it had five vacuum 
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pumps, and it had four motors inside the vacuum, and I think it had ninety-eight wires 

that went through the envelope into the vacuum.  So it was pretty elaborate setup for 

those days. 

 

 And with the help of David Burnham, who was a post-doc, and from whom, I suppose, I 

should've learned some very good organizational habits because his dad had been 

president, or was at that time, president of Westinghouse, and was very organized, and 

David was very organized too.  He's the only successful experimentalist I ever knew who 

came in at 8:00 and left at 5:00, whether or not the apparatus was working.  I always tell 

my students that apparatus is unlikely to work before 4 or 5:00, and you should stay 

taking data as long as it and you are still functioning at all.  So a lot of our data are taken 

around midnight, and that's been true, I think, on just about any experiment at the state of 

the art.  That it's hard enough to get it going, that you come in in the morning and turn on 

the ovens, and get the lasers and the apparatus all peaked up in the afternoon, and start 

getting data, go for dinner, come back, and everything gets calm in the lab, vibration goes 

down.  The line voltage is stable, the air conditioning settles into a good temperature, 

there aren't people opening the windows and closing them all the time, and everything 

works better, at least up until two or three. 

 

LS: And at that point, we're still talking about the apparatus that you had built and all of that.  

Are we still talking about something in the maser realm, or is it – 
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DP: No, I was completely orthogonal to that, in atomic physics at that point, doing collisions.  

And then in these collisions, we learned about very weakly-bound molecules, which is 

really a new class of molecules.  There's covalent and ionic bonding that you study in 

high school chemistry, and we were studying Vanderval's bonds, which are very weak.  

And we were able to measure these very weak interactions by looking at the angle that 

things scattered.  And interestingly enough, that led in two directions.  First of all, it led 

to laser spectroscopy.  Because I got interested in – I'd always felt that the thing that was 

really going to kick atomic physics into high gear was the invention of the laser.  Not so 

much the gas leaser, because those lines in the gas – you know, the HeNe laser or the 

argon laser, they operated just a few particular frequencies, and those frequencies don't 

coincide with the ground state of any atom, so you can't excite ground state atoms.   

 

 But tunable die lasers which came out changed that game entirely, and really led to my 

becoming interested in optics, which I hadn't been previously.  And even then, I was only 

interested in it as a tool.  But the first – I managed – well, I should've backed up.  

Because of my thesis work, I was offered a position as assistant professor at MIT, and 

rather foolishly I think in retrospect, I took it.  I mean, I took it because there was my 

machine, and I had this nice agenda of stuff to do, but I think that the process of having a 

post-doc, and traveling around, and interviewing for assistant professors is extraordinarily 

valuable because it teaches you, you go get a post-doc in some other area, and now you 

have sort of two areas and you're balancing them off, which one is more important?  

Where should I go to the assistant professorship?  And then you have to go and convince 

the people in the physics department that you're interviewing in that atomic physics is 
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wonderful, and that your experiment is the most wonderful thing in atomics because 

otherwise, they'll hire somebody else. 

 

 And I think that that's a really good process, because identifying the big problem, or 

identifying where you should put your creative effort is the key to really doing 

breakthrough science.  So I didn't learn that for a while.  But anyway, the laser certainly 

helped.  And the first experiment that I did with it was a two-photon experiment where 

we excited some sodium atoms through a virtual transition to a much higher one, and did 

some precision spectroscopy on that.  The experiment was novel because if you're doing 

a two-photon or a multi-photon experiment, you always think, "Well, I have to have lots 

of power."  If you have twice the power for half the time in a normal experiment, you'll 

come out with the same number of excited atoms.  But in a two-photon experiment, when 

you have twice the power, you have four times the rate.  And so you gain by making the 

radiation in short pulses.  So the other groups that were doing it were using pulse lasers.  

And I realized you could do it with a continuous laser.  And, in fact, I had gotten the 

second commercial dye laser that was made, a Spectra Physics 380 that had the dye in a 

cell.  Of course, it always burned in the cell walls when you got the power really tweaked 

up well, but that was then replaced by the jet stream, the liquid stream dye laser that 

everybody uses now.   

 

 Nevertheless, we did that two-photon experiment, and unbeknownst to me, lots of other 

groups were doing it, and so our paper wound up being submitted a week ahead of 

Bloembergen's paper, and another couple days ahead of Berobin's paper.  He's a famous 
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spectroscopist from France.  So here, the young kid in the block had the best looking 

data, had done it in a novel way with a C.W. laser, had the most accurate result, and had 

scooped these other important people.  So that was the kind of thing that you have to do 

to – or if you are lucky enough to do that, it really helps get you through tenure and get 

you known a little bit.  But then I went in to doing Vanderval's molecules, and in fact, my 

group, I might say, owns the spectroscopy of sodium neon, which your high school 

chemistry teacher will tell you is not a real molecule.  But if you make a supersonic jet, 

you can get down to one Kelvin temperatures, and so you can form these molecules, even 

though they're only bound by ten Kelvin.  And then the whole spectrum turns out to be 

within ten Angstroms of the D lines of sodium.  It's not a big wide molecular spectrum 

going over hundreds or thousands of Angstroms.   

 

 It's just ten Angstroms wide from the D lines.  So all of my chemist friends would invite 

me to talk because the spectroscopy we were doing was very interesting.  You get in a 

different regime where the rotation is much bigger relative to the vibrational separation, 

and you get all kinds of interesting effects in the spectrum.  So these people would be 

interested, and invite me to talk.  I gave a lot of physical chemistry colloquia, but I would 

often get introduced as someone who worked on "physicist molecules."  Except at that 

time, the physics community wasn't interested in diatomic molecules at all in this 

country.  And all the people who did that were in Europe, or in chemistry departments 

here.   
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 In fact, I had good friends and colleagues in the scattering business across the street in the 

chemistry department, Dudley Herschbach and his post-doc Yuan Lee, who both won 

Nobel Prizes doing that sort of thing, but in chemistry not in physics. 

 

LS: Can I pause you for a moment and ask you – this is going to come as a real layperson's 

question – or are we – 

 

SPK: This would be a good time to change. 

 

LS: Okay.  One second. 

 

DP: All right. 

 

[Off record.] 

 

LS: We're back on again.  Here we go.  Okay.  So my layperson's question for you was, from 

the point of view of the Optical Society, which is the lens through which, if you'll excuse 

me, the lens through which I understand this stuff, spectroscopy was the big thing in the 

Optical Society in the forties and fifties, and was basically supplanted by the laser.  The 

laser, the invention of the laser gave a whole new birth to the Society and a whole new 

direction for optics.  But you're talking about laser spectroscopy.  So tell me, as a 

layperson, what is the meshing of those two sort of activities? 
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DP: Well, the – I guess I'll put that in the perspective of what I see as the big shift in the 

twentieth century physics, especially atomic physics.  And that is from being kind of a 

passive observer to being an active participant and a controller of the universe, or at least 

the part of it that you're looking at.  So in the spectroscopy, when you're doing it with 

gratings and things like that, you're pretty much using the light that comes out of the 

system to analyze the system, or the light that you shine through the system.  But the light 

isn't strong enough to do anything to the system.  The lasers offered a couple of things.  

For instance, they could put a lot of light in a very small place.  So when we made these 

Vanderval's molecules, for instance, we had an expansion where we had 1,500 PSI of 

neon and a little bit of sodium mixed in, and we expanded that directly into a vacuum, 

through a very, very small hole, a thousandth of an inch in diameter or so.  And that still 

overwhelmed or nearly overwhelmed the vacuum pumps we could afford, because it was 

so much gas going up there.  So there's only a tiny little region in that thing where you 

make the sodium neon molecules.  And then as the background gas starts to intrude, then 

those molecules get destroyed because they start to warm up above ten Kelvin, and 

they're gone.   

 

 So you have this tiny little sample.  And yet, with a laser, you can put an awful lot of 

light in there.  So that's the advantage of doing the laser spectroscopy.  Also, the laser 

spectroscopy is much more precise.  And for something like a Vanderval's molecule 

where the whole spectrum is in a very narrow frequency range, it's important to measure 

it precisely relative to where the thing is spread out.  You don’t need as much accuracy in 

your knowledge of – you can just do the number of Angstroms, you can get a pretty good 
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idea as we had to go a couple of more decimal places.  But even more than that, what the 

laser brought, at least in the field of atomic physics, was the ability to control first, the 

internal state of the atom to create population inversions to make other lasers optically 

pump lasers and so forth. 

 

 But even more, and this became the name of a new research area, and the word was even 

a couple of issues of JOSA B devoted to it, was then called The Mechanical Forces of 

Light.  And so you could get enough light to push atoms around, and that led to the 

slowing of atoms and the trapping of atoms, and then the cooling of atoms.  And that, of 

course, led to Bose-Einstein Condensation.  Okay, so it was actually in a sabbatical in 

France that I really made the decision to leave chemical physics and to move back more 

into mainline physics and to concentrate on just some of those ideas, in particular, the 

mechanical forces of light.  I'd started in that direction, but the thing that really coalesced 

my decision to drop Area A and move to Area B and start B Prime and so on—the thing 

that got me into that, actually, originally, was the refereeing a paper by Takeshi Oka.   

 

 The first time around, I rejected the paper because I didn't see why this was very 

interesting, and his data, basically, showed a blob when the theories showed that there 

should be two separate peaks.  And so on both counts, I didn't think it deserved to go in 

Phys. Rev. Letters.  But he wrote a rebuttal, and convinced me that, in fact, it was a more 

important field, and it was important in that this result was interesting because he 

suggested a mechanism by which it could be occurring, and so I approved it. 
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 Then, thinking about it some weeks later, I realized that his explanation really had some 

serious scientific flaws in it, and that I had just said, "Oh, yeah, fine," so I hadn't done my 

job as a referee very well either time, I suppose, but I decided, "Okay, so now there's 

some stuff here that I don’t understand very well, and probably other people don't 

understand very well, and it's good to get into that."  And so we were – we built a 

dedicated apparatus, and were the first people to observe a thing that had been predicted 

in the thirties by Kapitza and Dirac, namely that if you had a standing wave of light – 

well, back up one.  The most obvious way that light can affect and impart momentum or 

force on an atom is you have the atom here, you shine the laser light on it.  That way, the 

photons are all going that way, they hit the thing, bounce off and send them in one 

direction, but on average they kick it that way.  That's called the spontaneous force.   

 

 Then it turns out that there's a much stronger force that you can make by using a standing 

wave.  So you say, well, you've got photons going in both directions.  And at that point, 

you have a standing wave, and you can view it as the atom just scattering off a potential.  

And, well, you crank up the intensity, the potential gets steeper and steeper, and the force, 

which is how steep it is, gets bigger and bigger.  So it wasn't limited by the spontaneous 

scattering rate.  The atomist, in essence, could absorb a photon going in one direction, 

and stimulate one going the other direction, and that transferred two units of momentum 

that way, just as if the photon had bounced off the atom and gone backwards.  And so we 

made an apparatus and observed that process. 
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 And, actually, that was the first time that we kind of brought to the consciousness of the 

community two things.  The first one was that many of the theoretical, most of the 

theoretical papers had said, "Well, you have to do this faster than that to align within the 

natural decay time, so you don't have very long to manipulate the atom."  That's not true 

if you go off resonance.  Then the spontaneous scattering rate is lower, and gets lower 

more rapidly than the stimulated force.  And so if you have a strong enough laser, you 

can put an arbitrarily strong force on it without having any, or many, spontaneous events.  

And that, actually, means that the scattering, to the extent that you don't have any 

spontaneous events, then the scattering is a coherent process, and the atoms go in 

different directions depending on how many photons they absorb, or how many pairs of 

photons they absorb.  And that's the second point, is that even though you have a 

potential, and they're scattering off this hill, they will always absorb an integral number 

of photon momenta.  So what comes out is quantized, just like light scattering from a 

diffraction grating.  In fact, it's the atom wave scattering from a grating made of light. 

 

 Now in that sense, you can view the problem, if you view it that way, then you would 

upset, say, nineteenth century physicists because you're viewing the atom as a wave that 

scatters from periodic structure.  The other way you could upset them would be to say, 

"Oh, well, the atom goes along here, but it absorbs photons, not classical force from the 

light field, but it absorbs photons, and then its momentum is quantized because the 

photons all have the same momentum.   
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 Any way, either way will work, and understanding how to switch between those views is 

what's necessary to really understand the process.  So we demonstrated what Kapitza and 

Dirac had predicted in what's called the Raman-Nath Regime, that's the thin grating 

regime in optics.  And then we demonstrated Bragg scattering, which is a thick grating.  

If you have a thick grating, then you interact with it for a long time, and your energy 

uncertainty is small.  And so the process is very particular and only scatters in one or two 

directions, perhaps.  So the Bragg scattering, I mean it's interesting to see how times have 

evolved now.  When we did it, we had to struggle to make a good interaction region, and 

even to observe more than 75 percent of the predicted spacing between these peaks.  I 

mean, the peaks are made up of little quantized 2h(bar)k, 4h(bar)k, 6h(bar)k, 8h(bar)k 

momenta.  But the center of the peaks moves out when you turn up the power.  And to 

get over 75 percent of the power, we had to really work hard on the optics. 

 

 Nowadays, when we have BECs, which just sit there, they don't rush by at a thousand 

meters a second, but they just sit there, we can make the optics much better.  And, in fact, 

we use this process, we count where the atoms go and how many orders we get, and from 

that, we can infer the intensity of the light to within 1 or 2 percent.  So that's just sort of 

how time marches on.  And then the Bragg scattering has been a very important tool in 

diagnosing and manipulating both Bose-Einstein condensates, in particular, and cold 

atoms in general.  And then the big direction now is to make whole systems of controlled 

atoms.   
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 You know, back to the original theme, we've become control freaks.  And that, in my 

opinion, ended in – well, I should elaborate on that theme a little more.  First, we 

controlled the internal state and went through masers and population inversion.  Then we 

controlled the external state with atom cooling and things like atom interferometers that 

are super positions of atoms being in separate states, spatially-separated states.  And 

finally, we got that all tied in together and made coherent states that were entangled states 

of, well, if you're in one vibrational state of the trap, you're in the ground hyper-fine state, 

and if you're in the first excited state of the – vibration-excited state of the trap, you're in 

the first excited hyperfine state, but you're in a super position of those two things, that's 

called an entangled state, and you can use it for quantum information. 

 

 So this idea now of putting not just one controlled atom, but many controlled atoms in a 

lattice and, well, now these things, we thought of them as standing waves of light.  Now 

the buzz word today is optical lattices.  And you can make optical crystals, and you can 

mimic condensed matter, and that's certainly where the big effort in the ultracold atoms 

center, the Center for Ultracold Atoms at MIT and Harvard, of which I am a part and do 

some research there jointly with Wolfgang. 

 

LS: Back in the period when you took the sabbatical in France, you refereed this paper, you 

decided that your next sort of area of focus was going to be on mechanical forces of light, 

first of all, around what year are we talking about that? 

 

DP: '83. 
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LS: '83, okay.  Now –  

 

DP: Well, I sort of started up the mechanical forces of light experiment probably in '79 or '80, 

and it actually came to fruition around '83.  But then I decided to get into atom cooling 

and trapping. 

 

LS: Did you think of what you were doing in those – in that period, in those years, as optics? 

 

DP: No.  Where this turned into optics was in starting to think more about manipulating atoms 

coherently.  All the manipulation before, focusing magnets and things like that, had really 

been just to get a bunch of atoms in one place, okay.  But they weren't coherent.  And so I 

started thinking about – well, in fact, I coined the word atom optics in one of the review 

papers that I wrote, or that we wrote – I mean, I had lots of help.  We were debating, and 

people were using the phrase atom optics, and atomic optics, and mechanical forces of 

light.  And we said, "Well, the atomic bomb has a bad name, so we don't want to call it 

atomic optics."  It should be like photon optics or electron optics or atom optics.  So that 

was the title of the review, and that's now become the major word that people use.  But it 

came along with a mindset, and the mindset is very simple.  I just get the Melles Griot 

catalog, and it's got lenses, mirrors, diffraction gratings, bop, bop, bop, lasers, everything 

you want to do, and you can manipulate light with it.   
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 So, gee, I just have to figure out what my analog over here is for all these different 

components in the Melles Griot catalog, and then I can assemble anything that I want and 

make it work with atom waves instead of light waves.  So that's the mindset of atom 

optics.  But to do it coherently, with high quality optics.  And, obviously, when you start 

thinking that way, the first thing you think about is atom interferometers.  There's so 

many wonderful demonstrations, and precision measurements, and applications of light 

interferometers, starting especially with the work of Michaelson, that you just know that 

you're going to have a big payoff if you do atom optics.  And also, some people had done 

neutron interferometers at that point, and made some scientific hay that way too.   

 

 So of course, the most important thing you need for an atom interferometer is the beam 

splitter.  And, unfortunately, we don't have a half silver mirror for atoms and we won't get 

one until we get something that's smaller than atom waves.  You can show for various 

reasons that the surface layer of the glass has to be on a scale smaller than the light wave.  

Well, that's easy to do because atoms are angstrom size and light waves are thousand to 

ten thousand angstroms.  But it's very hard to make a surface that will do that for atoms, 

and so we wound up using light, and we wound up using diffraction gratings.  And then 

we wound up inventing or kind of discovering that Hank Smith here at MIT in electrical 

engineering made nanofabricated transmission gratings out of thin silicon nitride 

membrane that just had a bunch of slots in it, just had a bunch of slots.  I mean the whole 

nanofabrication process, which we got into with him and independently and so on, it's a 

little more complicated than that.   
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 But anyway, out of the nanofabrication comes a grating, and it has the advantage over 

light grating that it will diffract any kind of atom.  I mean, they will just either stick to the 

bars, or they will go through the spaces.  And so we decided that they worked every day, 

which the dye laser didn't, and we would make interferometer with those, and we did.  

And so we really made the first atom interferometer where the atoms were separated 

enough in the middle, or each atom – I'll say it more precisely, each atom wave is 

localized in two distinct parts of space which are well enough separated so that you can 

put a piece of metal in between.  And when you do that, you can put an electric field on 

one and not the other, and measure the polarizability precisely, or you can fill up this 

region with a gas, and you can measure the index of refraction, and these gratings will 

work not only with atoms, but also with molecules, so we demonstrated a molecular 

interferometer where we split the molecule, each molecule into two – into a wave 

function with two localized places and measured its index of refraction, or the index of 

refraction of a gas for the molecule passing through, which is different than for the atom 

passing through.  

 

 And so that atom interferometers has really turned into its own sub-field with its own 

conferences now, and there are a lot of things that you can do with them, and we were 

fortunate enough to be able to do several of them pretty early in the game, like those 

atomic measurements. But also, atom interferometers are very sensitive to inertial 

displacements.  And so we were able to make, to just hang our apparatus up.  It's a big 

long apparatus about nine or ten feet long with mini vacuum chambers hooked together, 

and we just hung it up by a big strong wire and then rotated it back and forth, and we 
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could sense rotations by the sanyack effect.  And we demonstrated we could do it with 

short noise limit, and we could easily detect the rate at which the earth rotated.  We could 

detect that kind of small effect, maybe in fact – well, depending on how long you 

averaged, maybe a hundred times less than that.   

 

 Now Mark Kasevich has really taken off with that, started almost the same time we did, 

just a little later, but started two orders of magnitude better and now I think he's up four 

or five orders of magnitude better, and really can begin to use these things for inertial 

navigation to just lock somebody up in the back of a truck with some of these atom 

interferometers and other things, and then drive around for an hour and say, "Where are 

we?" and know within maybe ten meters.  So that's another exciting application, as our 

fundamental tests of – well, really now it's getting into gravity.   

 

 You can, first of all, measure the local acceleration of gravity better than you can do it 

any other way, and that might be useful in oil mining because you're looking for changes 

in the density of stuff under the ground, and that manifests itself in changes in the local 

gravitational constant.  It's getting to the point now where you can detect the gravitational 

effect of a large piece of lead that you bring up near the apparatus or take away.  In fact, 

it may be possible to make the best measurement of the gravitational constant, Big G, by 

using atom interferometers.  So they have those kinds of scientific applications.  And then 

another thing is really in the fundamentals of quantum mechanics.   
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 So we did some experiments in atom interferometry  in eighty – I guess in the late 1990s, 

middle to late 1990s, in which we tested some of the basic ideas of quantum mechanics. 

For instance, when you have an atom and an atom interferometer, you can shine a laser 

on it and scatter a single photon off that atom.  And then, in principle, you can tell which 

side of the interferometer it went on.  Well, if there's a big discussion in quantum physics, 

can you know which way it went, and then also see the interference fringes, which are the 

consequences of the atom in some sense going both ways.  So we did some careful 

experiments about that, and showed, while what Fineman used as a Gadonkin experiment 

in his quantum mechanics book, namely that if the atom is localized at two places that are 

greater than a wavelength apart, then the light's pretty good at seeing where it is.  And 

under those circumstances, even one photon is sufficient to destroy the interference 

pattern. 

 

 What he didn't predict, and what detailed calculations show, and what we observed is 

there are certain magical separations where you actually get some of the fringes back.  

And that actually corresponds to where the diffraction rings from this image going out, 

are just tangent to where the other part of the atom path is. And so then you don’t know 

when you see a photon that, apparently, comes from here, it might've actually come from 

that side, but via the diffraction ring.  And so, therefore, you get an increase in your 

uncertainty of which side it's on, and that allows there to be fringes.  And sure enough, 

there they are. 
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 A second thing that we got into with the atom interferometer was the question of 

quantum de-coherence.  So if the atoms, if you go back to just after the atoms are split, 

they are much less than a wavelength of light apart.  And so if you shine a photon on 

them, you don't degrade the fringes significantly.  But if you shine – each time you shine 

a photon on it, you get a little bit of dephasing between the atoms.  And so, there's a 

random walk of a relative phase, and this leads to quantum decoherence, and you lose the 

fringes.  And we showed that that particular theory of quantum decoherence worked at 

about the 10 percent level, which was – which I think – well, at least at the time, it was 

the most quantitative study of quantum decoherence anywhere.  So that's sort of the 

history of the atom optics and atom interferometers.   

 

LS: And during this period in the, say in the 1980s through the mid-1990s, what was your 

participation like in professional societies?  What societies were sort of on your radar?  

What journals were you publishing in?  What meetings were you going to?  Where did 

the Optical Society fit into this for you? 

 

DP: Okay.  Well, because I've always worked on several things, I was at that time shifting 

from going to chemical meetings and chemical physics meetings as well as mainline 

atomic physics meetings into dropping off the chemical physics, and going to mainline 

atomic physics meetings and some of these new mechanical forces of light conferences, 

and also, getting much more into lasers and going occasionally to Optical Society 

meetings.  But I only went to a few of them.  In fact, I didn't join the Optical Society, 

actually – I might as well tell my big secret now.  I was approached by the Optical 
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Society to be the coach here of the International Quantum Electronics Conference, which 

then was held every four years, jointly with CLEO.  And so I was moving in that 

direction, and I used to go to the CLEO conference occasionally, mostly for the big laser 

show, to be honest, but if IQEC were there, then I would go.  And there was an overlap of 

the laser spectroscopy community and the quantum electronics community, and so I was 

kind of moving into that area.  And the forces on light and things you could study with 

that were moving into that area.  So I accepted, and then I decided, well, it wouldn't look 

good if the person running the meeting weren't a member of the Society, [laughter] so I 

joined the Society and I've been a member ever since. 

 

 Well, the Optical Society is really a wonderfully-organized society, and running the 

meeting there is a real pleasure compared with running the meeting on your own campus 

where you're doing a lot of the groundwork.  And when people say, "I have to bring my 

dog.  Can you recommend a local kennel?"  you have to solve that, or your secretary or 

somebody in your group has to solve that problem.  And with the Optical Society, you 

can concentrate on the program.  So I thought, well, this is going to be fairly 

straightforward being the chairman of that.  But at that point, the board decided, and I 

thought it was a good idea too, to have a more basic meeting.   

 

 In other words, the IQEC was more research scientists and academics, and the CLEO was 

more engineer, electrical engineering, optical laser people over to people who had 

high-tech optical startup companies, and even traditional optical companies.  So the 

IQEC kind of was the left wing, I guess, if you'd think of it that way, was the basic arm – 
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and this was a lot of transfer going on in the laser business, so it seemed a good idea to 

start up a new meeting, and I got to be the first chairman of that, which was the Quantum 

Electronic and Laser Science meeting, the QELS meeting.  And so starting up a new 

conference was a little bit more work than if there's already one, but still, it was enjoyable 

and the conference was a big success, and continued.  So one of my dictums is there 

should be fewer meetings, and yet here was I contributing to making more, [laughter], but 

that's sometimes how things work, I guess. 

 

LS: Tell me about that first QELS meeting.  Where was it, what was it like, what was it like 

when you were getting it started up and running? 

 

DP: Well in those days, the meetings sort of alternated between San Francisco and Baltimore.  

And this one, the first QELS meeting was in Baltimore.  And well, first of all, I 

remember a lot of negotiation about the name.  I mean, it's really important to get the 

name right, but the laser topical group had a laser science meeting, and we didn't want to 

tread on that name, and so there were a lot of people who had to be happy with the name.  

And, finally, we came up with one that everyone was satisfied with.  And Chuck Shank 

and I were riding back on the plane, and designed a little logo of two atoms with a photon 

going in between, which got – made to look more like a sperm cell in the artist's 

conception that finally appeared in the meeting of the logo, but at least it did the job.  The 

physicists could interpret it right, if no one else could. 
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 So I think, like all meetings, it was a little bit more disorganized.  And, in particular, I 

remember one time after lunch when some session chairman didn't show up, and I 

grabbed someone that I knew who seemed as if he were going to that meeting, and got 

him to be the chair of that meeting.  And then I went off to the meeting, the section of the 

meeting that I had wanted to go to, and I came in there a couple minutes late, and realized 

the chairman hadn't showed up there yet either.  So I just kept going up to the front of the 

room and chaired that session [laughter].  So I don’t think that's usual for behavior at 

well-established and typically Optical Society well-run meetings.  So that is one of the 

things that I remember about that meeting [laughter]. 

 

LS: Okay.  And around the same time, it looks like to me, that you were working on starting 

up QELS, you were also getting involved in the Frontiers in Optics program committee. 

 

DP: Yes.  I served on a couple committees, and I don't honestly think I probably pulled my 

weight on those, but I did get to find out a little more about the Society.  And I always 

was interested in trying to push into new areas and trying to get – I mean at that time, I 

think that the atom optics community and the cold atom community was a little bit up for 

grabs in terms of where it would find a home.  And I think, ultimately, the DAMOP one, 

the Division of Atomic and Molecular and Optical Physics, won that skirmish.  And then 

they moved, they had moved their meeting from December where it was fairly exclusive, 

the hard-core hundred researchers in the field, to May where it drew a lot of people from 

smaller colleges, and rightfully so from the point of view of the Society.  But that also 

brought into conflict, either direct, or maybe a week or two off from the CLEO/QELS 
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meeting.  And I think in the end, that that helped tip the balance in terms of DAMOP and 

disempower the QELS meeting in terms of ultracold atoms.   

 

LS: I want to skip ahead a little bit and talk about your getting on to the OSA's board. 

 

DP: Uh-huh (Affirmative).   

 

LS: Which I have happening in 1997.  Tell me a little bit about being asked to serve there, 

and what your experience was like when you joined. 

 

DP: Well, by then, I was somewhat more involved in the Optical Society, and had run the 

QELS, and I felt that some of the more basic science people, I mean the Board should 

span the membership of the Society.  And so the person who was going to go off the 

board was in maybe quantum electronics and maybe atomic physics.  Those seemed like 

a reasonable thing to do, and not only had I wanted to be an electrical engineer, but I also 

wanted to start a small company.  And this is one of my sort of childhood or college 

dreams.  And so that small company had gone by the board, but I was always interested 

in it.  It was nice to go to a meeting which spanned the space rather than just the narrow 

academic meeting.  So I always enjoyed going to the Optical Society, and I knew I'd 

enjoy being on the board.  And, indeed, it really is a pleasure to meet people like Steve 

Fantone, and Tony Siegman, and Paul Foreman.  Couldn't remember his name, first name 

for a minute.  And you get a different perspective on the world.   
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 So I, unfortunately, although my goal had been to really try to push the Optical Society to 

run some of these meeting in ultracold atoms and things like that, there were several 

diversions in my tenure on the board.  One of them was deciding to change the executive 

director.  I mean there were years with Jarus Quinn and Barbara, and everything was 

great.  And then the Society got bigger, and more professional, and had search 

committees and hired executive directors, and so sometimes they don't work out.  And so, 

we'd have one year, we would worry about all the things that weren't working very well, 

and finally, the next year we'd decide, okay, we'd have to make the change.  And that and 

the new search and how you're going to handle the termination is always time consuming 

and energy consuming.  The energy of the board just gets focused off of there.   

 

 Out of all of that, I do remember Milton Chang.  At one point after a long discussion 

about some of the perceived faults of the executive director, he said, "Okay, so I make the 

motion that we say we're 100 percent behind this guy."  And everybody looked at him, 

and he said, "If you don't vote for this motion, you should fire him."  And that piece of 

wisdom has always stuck with me, because I think very often in these kinds of situations 

you have a graduate student who's not working out very well, or you have a small 

company, you have an employee who's not working out very well.  You know in your gut 

a long time before you know in your mind that you're going to have to make this decision 

to terminate, or let go, or whatever is the appropriate word for that action under those 

circumstances.  And I thought Milton's comment really crystallized the dilemma that 

you're in, and the decision that you really have to make.   
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 Anyway, and then the second thing that was very divisive was the proposal to merge 

SPIE and the Optical Society.  And there are a lot of good reasons why you might think 

to do that, and why it might be a good idea.  But both societies are fairly wide in the 

membership that they attract.  But the Optical Society, clearly, has more academic people 

in it, and the SPIE, clearly, has more hard core optics professionals and businessmen.  

And there really is a cultural difference between these ends of the spectrum, which cuts 

across a lot of issues, but really has to do with – the engineers in the front tier need 

information very quickly, and it's okay if it's not refereed, and so the SPIE makes these 

yellow books, which are very successful, which are just the proceedings just nailed 

together and shipped out from the meeting.  And the Optical Society has the most-cited 

and best-refereed optics journals in the world.  And it's very hard to have a personal 

philosophy that can encompass both of these extremes.  And many people in both 

societies do sit in the middle someplace in engineering departments, and they can see the 

value of both.   

 

 But the people on the edges really can't.  So it sort of fell to me to be the lone voice of 

opposition on the Optical Society board.  And I must say, I really felt caught in the 

middle because, while I thought we were – we should have a good discussion about this 

and really try to get at some of these fundamental issues.  A lot of people in the – while 

we want to preserve the Optical Society as it is, we don't want to merge, were highly 

emotional, and yet they were, supposedly, on my team too, so I felt a little bit pressed in 

there.  But finally, I remember – and I thought, incidentally, that Tony Sigmund did a 

really good job of keeping this – of getting – of providing opportunities for people to 
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express themselves and trying to keep some of the hotheads, I might say on both sides, 

from really ripping the walls down.  And in the end, I felt tremendous empathy when he 

went before the Society, not knowing the result of the vote, and he said, "Well, I had 

three speeches in my pocket.  I had the one for when it passed with a two-thirds majority.  

I had the one for when it was almost two-thirds and we were probably going to consider 

this again because it wasn't dead and more people would come over to that point of view, 

then we'd do it sometime in the future, and I had the one for when it lost."  And as it 

turned out, it was a very close, nearly fifty-fifty vote, and it was slightly defeated, 

actually, just on the majority voting not to merge.  So Paul read the third speech – I mean 

so Tony read the third speech.  Which, you know, was a defeat for him in a way because 

he'd spent a lot of initiative doing that, and there it was ended.  Turned out it would've 

ended anyway because I think the SPIE guys voted it down too [laughter]. 

 

LS: Can I ask you, was there a sense of a pressing problem for the Optical Society that would 

be solved by this merger? 

 

DP: Well, there had been a couple of cases where there was – well, there were obviously 

cases where there was going to be competition between the societies.  I mean fiber optics 

was becoming a huge business, or was on the way to becoming a huge business.  Both 

societies recognized this and had competing conferences.  Okay.  So when that happens 

and when there's a lot at stake, it's pretty easy to get a number of people who feel 

acrimonious about the other society.  So you think you can solve some of those problems.  

And, really, maybe you can serve – the people who are doing, pushing ahead with the 
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fiber optics, their first concern is not to decide, "Well, I have to be an SPIE person, I have 

to be an OSA person."  So there's clearly some motivation for doing it.  And it's also clear 

that the laser has really changed the whole optics landscape, as well as the fiber optic.  

And so there – the argument could be made that it's better to have a unified umbrella 

organization, which was what was really proposed.  On the other hand, there arguments 

for doing it the same way, and for having two different societies to represent things. 

 

 You know, it's my observation, having been through it, first with the American Physical 

Society, and then with the Optical Society and now with the American Association of 

Physics Teachers, that when a society gets up to 10,000 members, you can pretty much 

have a unified society.  And then when you get over 10,000 members, the society tends to 

fragment.  There are just too many things going on for any – for most people to keep 

interested across the whole spectrum.  And so in the APS when I started going there in 

the sixties to the meetings, they were the national meetings.  You went to the Chicago 

meeting, you went to the New York meeting.  I mean the only reason they're any 

significance now is because they continue to have the condensed matter meeting at the 

"national meeting," and there are lots of condensed matter physicists.  But the strength of 

the APS is now in the divisions.   

 

 The DAMOP, the Division of Atomic and Molecular and Optical science meeting has 

gone from having eighty or ninety people at its meeting back when it started to having 

seven hundred now.  And there are other specialty meetings that go.  And in the Optical 

Society, it's clear that the CLEO couldn't handle the whole thing, and that you needed the 
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QELS meeting for – to just split it somehow.  And now in the American Association of 

Physics Teachers, the physics education researchers are sort of splitting off and having 

their own after meeting, after the national meeting.  So you – I think we would've found 

out that even if we had merged SPIE and Optical Society, we would have had, not two 

subcategories, but four.   

 

LS: Okay.  I want to shift gears a little bit.  Actually, I would like to circle back to something 

that you were talking about with respect to the executive directors and the search.  You 

spoke, I think, about the wisdom of if you're not a hundred percent behind this person, 

you need to let them go.  But tell me a little bit more about what you were looking for in 

the replacement person.  What – when you were searching for a new executive director, 

what – you know, what were some of the criteria that you had? 

 

DP: Well, I was not on the search committee, and so I think – so I really can't add too much 

insight into that.  You have a list of personal skills and so on, and you have a list of – you 

have to discuss, well, how much technical knowledge in optics should this person have?  

And it's – I know it's a tough business, and I think there's always the – well, one of the 

lessons in corporations, certainly, and I think in something like the Optical Society is that 

it's much better to grow your own than to bring somebody in who isn't keyed into the 

kind of culture that you have.  I mean the Optical Society has a very unique culture for a 

professional organization because, first of all, it's so broad.  And also, you have to deal 

with academics, and you have to deal with business people, and small business people, 

and the Society is – well, I think that these things create a lot of difficulties compared to 
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if you hire someone who's managed the United States Association of Tractor 

Manufacturers, for instance.  I mean, that's pretty much narrower kind of constituency.  It 

may be the same size, but it's pretty much narrower.  So I guess that's about it. 

 

LS: Can I just branch out a little bit from what we've talked about so far in terms of – we've 

talked some about the meetings, about your experience on the board, but I wanted to talk 

about a couple of other areas that you've been involved in, specifically, the nominating 

committee and the Meggers Award committee.  And maybe in talking about those, you 

can think more broadly about the significance of awards and honors as part of what the 

Society does. 

 

DP: Okay.  In fact, I wasn't going to talk about the nominating committee that much.  I mean, 

you try to find good people, right?  And also, in the Optical Society, you try to get some 

balance between – but there are all kinds of ways to – there's gender balance, there's 

international-domestic balance, there's applied versus basic versus engineering balance, 

small companies versus big companies.  So you just have to be aware if you're getting a 

bunch of people in one area too much, and then get some people out of it.  As far as the 

awards are concerned I think that awards, and I might include fellowship in that, are an 

important part of the Society.  I think that people – I mean people like to win awards, but 

the award is an imprimatur of some sort, be it fellowship, or the Meggers Award, or 

whatever.  And, in fact, when I switched from wanting to make a company to deciding I 

would be an academic, I actually remember saying, "So now what are the goals you 

should judge an academic career by?"   
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 And the goals you should judge it by are – well, the goals that I set up were that I wanted 

to get a position in a good department, and get a chair there, which was a sign that my 

colleagues thought I'd succeeded, that I wanted to win a prize, a Society prize, and that I 

wanted to become a member of the National Academy, and that I wanted to train students 

who did well.  And, you know, that's happened.  I guess I'm proudest of having trained 

three and a half people who won Nobel Prizes, and four and maybe another half or third 

of people who won National Thesis awards.  So it turns out I've done a lot of mentoring, 

and I've switched now, as you may or may not know, into education.  But I think the 

awards process works pretty well as far as deciding whom among the nominated should 

get – should receive the prize that year.  I think what it doesn't do so well, and this also 

goes, to some extent, for the fellowship, is that it relies too much on outside nominations 

rather than on really thinking inside – really doing a systematic search.   

 

 And I think that this favors – it favors people who are overly-aggressive, which is 

something I never thought the Society should do, but that's the way it is.  It favors 

institutions that have publicity officers.  It disfavors very good people who work in very 

small colleges, and it disfavors, to some extent, creative people in small companies.   

 

 And so those are things I would like to see improved, but it does take a lot of effort.  It 

takes a lot more effort to scour the world and try to maybe start with citation indices, with 

what papers do you really like?  Get a number of people to make suggestions.  It's a really 

tough business.  I don't really know how I would do it. 
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LS: Let's move away from honors and awards then and into the question of education, which 

I know has become a big issue for you, a big interest of yours.  But it's certainly also a 

function of the Society.  It's something that OSA wants to be and tries to be very involved 

in as well.  So would you talk about that, what you know about OSA's efforts with 

respect to education, or whether you recommend that your students look at student 

membership in the OSA?  And sort of how's that education and outreach piece working 

for the OSA and in your opinion? 

 

DP: Well, I think that if we start from the point of view that we're citizens of a country that 

really needs technically-trained people, we are not solving that problem very, very well 

these days.  We are not solving that problem well either in encouraging bright young kids 

of all genders, races, schools, giving them opportunities where they can become 

interested in optics or science in general.  We're certainly, I know of our own son, but I 

know lots of other stories of MIT faculty people or optical side faculty people, who have 

really smart kids who were just totally turned off by school.  And as I've gotten into 

education and commercial education, I realized that our No Child Left Behind is – it's a 

great rallying cry because we wouldn't want these poor kids left behind, and anyone can 

see that.  But what we have to face and aren't is that from the point of view of the 

country, whether the bottom 4 or 5 percent or 10 percent of kids understand algebra well 

enough to pass the state test is not what's going to drive the country forward into the 

Twenty-First Century.   
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 It's the top 10 or 30 percent of people who either ought to be very capable of using 

mathematics and scientific ideas, or at least understanding, being able to participate in a 

debate about whether corn-based ethanol makes any sense or not by just estimating a few 

numbers.  And I think we're really failing at that end, and that that's a national failure that 

has severe national consequences.  So that's kind of the background. 

 

 Now as far as the Optical Society – well, then I would say I've really become interested 

in my academic education side on the question of what it takes to make experts, because 

that's what you need to have a technically-trained work force is that people have to be – 

some people have to be experts, and have to be able to push the frontier forward, be it in 

industry, or in academia and so forth.  And so the question is how do you make experts?  

And, actually, there's a three-stage process, which I can summarize.   

 

 You're going to become a concert violinist.  Okay.  So how do you get a concert 

violinist?  Well, the first thing you actually have to do is start young.  Turns out that 

internationally-famous violinists predominantly started when they were three or four, and 

nationally-famous ones when they were five to play the violin.  But often, they will trace 

three stages of teacher.  The first one saying, "This violin is wonderful.  Listen to the way 

it sounds.  We can play jazz, or we can play bluegrass, or we can play classical music or 

[indiscernible] music.  And all these things are great.  You just have to learn to play this 

instrument, and you can have all this fun, and listen to all this wonderful music."  And 

then you need a teacher who is on to the technique.  "We must practice these scales again, 

and again, until they are perfect," because you can't go beyond that.  And then there is a 
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world-class musician or mentor who will teach you that last – much harder to teach 

because it's not written in any books.   

 

 I had a student once who was a very good double-bass player, and finally got a teacher of 

this sort, and the teacher asked him if he could play a Bach partita, and he said he could.  

So he came, and he started and he played this thing, and he got just across the first line of 

music, and this famous teacher, he was a disciple of Pablo Casal's, said, "Chris, stop, 

stop.  Those first four bars, they are your entrance."  In other words, it's not about playing 

the right note.  It's not about the phrase.  If you're going to be a performer, you've got to 

learn what it is to be a performer, and this is your entrance."  I mean that's what the expert 

teaches.  And it's the same thing in science.  That's what we do in the labs, that's what we 

do with our post-docs.  How do you pick a scientific experiment?  How do you do it, how 

do you cut into the core and not do the unimportant things?  That's not in any of the 

textbooks.   

 

 But to start off and get back to the Optical Society, the first thing you need is, this is 

wonderful stuff.  Look at all the things it can do.  See how nice it is?  See how you can 

play too.  And that's where all these optics kits that they send out are just wonderful, 

because optics is one of the most seductive sciences that there is.  I mean just to shine 

lasers around, and bounce them off diffraction gratings and holograms, and see this really 

three-dimensional thing, I mean that's just really neat.  And any kid with any sorts of 

genetic predisposition in this direction is bound to enjoy those things.  I think that those 

are great activities. 
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LS: Excellent.  I wanted to ask, we're really close to time here.  I have one more specific 

question, and then I want to turn it over to you for anything that we've missed that you 

want to address. 

 

DP: Uh-huh (Affirmative).   

 

LS: My specific question has to do with, again, another facet of the Optical Society's 

activities, and that's its efforts in terms of public policy.  I think what sort of spurred it in 

my mind was you were talking about No Child Left Behind, and how that affects 

education, and I think the OSA has tried to help educate law makers and do some 

outreach in that direction.  Are you aware of any of that? Have you thought about that as 

an activity of the Society and what its role is? 

 

DP: Yes.  I'm aware of that activity.  I've done a tiny bit of lobbying, actually, through the 

APS, but could've been through the – oh, no.  I actually was picked to testify in front of a 

Congressional Committee by the Optical Society at one point on – well, it was really on 

fiber optics and – well, the importance of optics generally, and of fiber optics in 

particular.  There, one of the problems that we haven't solved in our government is as you 

get – if you're just going to the store and you're buying grain and lumber, you can judge 

pretty well how quality the product has.  If you're buying much more complicated things, 

or you want clean air, you have to get the government involved.  The government has to 

be involved not even so much at the congressional level.  Yes, we're going to have clean 
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air, the Clean Air Act.  Okay.  But in the real details we're going to have clean water so 

does the – what size is the mesh that filters out objects out of the trash, out of the sewer 

runoff before you dump it in the river?   

 

 And that's an important issue.  But it empowers one company over another.  And so 

there's a lot of pressure in there.  And the same thing is true in optics, and in fiber optics 

and the Internet and all kinds of stuff like that.  And I think it's very important for 

societies to have a presence in that area, and I'm glad to see the Optical Society does, and 

I think people should really work on congressional testimony, and to try to get more 

involved with the huge number of people in the executive division, and remember all the 

time that there are 30,000 registered lobbyists in Washington, so that's like seventy per 

congressman.   

 

 And those people do not spend their time in congress.  They spend their time lobbying 

this or that federal regulatory agency, trying to bend this rule in favor of the four-inch 

mesh instead of the three-inch mesh.   

 

LS: What was your experience like before the congressional committee? 

 

DP: Well, there was some political distraction that day, and it wasn't particularly well 

attended.  There were a couple of congressmen there, and there were some staffers, and I 

did talk to the staffers a little bit.  But in a certain sense, that particular instance was 

preaching before the choir.  I think where you really want to get involved is where – is 
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not so much in the budgeting process, but in where more detailed laws are going to – like 

the actual construction of writing the bill for No Child Left Behind.  I mean the particulars 

of that are important.   

 

 But then there's another area that I think that all scientists have to face up to, and the 

Optical Society is no closer to it than any of the others.  And that is that the era of federal 

funding of science is over in this country.  And now I'm stating that too strongly.  But up 

until the second World War, science was funded by universities, by the Rockefeller 

Foundation.  All the big telescopes, which were the big science in those days, they're 

named for Hale or Clark or whoever gave the money to build them, or the foundation that 

did.  And then after the second World War the scientists had a big part, and engineers had 

a big part in winning the war, and lots of government officials were tremendously 

grateful for a whole generation because the people in the field had gotten famous because 

of their proximity fuse detector or whatever it was, or their new optical bomb cite or 

whatever, and they'd gotten to know people in the scientific communities, and both of 

these guys rose up to positions of power, and that's over now.   

 

 And the government is so pressed financially, that it simply cannot continue to fund 

science.  And we see it happening right now.  I mean when we hire someone to build a 

lab in my field, MIT or Stanford, or whatever will lay one and a half, two, two and a half 

million dollars on the line.  And then that person will go to NSF, and maybe be 

successful, and get $125,000.  Well, how many – so that two and a half million dollars, if 

I just go out and buy an annuity with it, that's just like my NSF funding.  So we're already 
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funding half.  And what we have to realize is that the size of the NSF budget is about the 

intake on a foundation of a hundred billion dollars.  And there is almost a trillion dollars 

in university endowments and private foundations.  And so if we could take 10 percent of 

that and devote it to science, we could equal the NSF budget.  And that's a hell of a lot 

better way to double the NSF budget than to beat on congress and get them to pass 

resolutions about doubling the NSF budget, which will not come to pass in my 

professional lifetime. 

 

[Off record.] 

 

LS: So just to wrap up this conversation, I wanted to ask you if there's anything that we 

haven't covered today that you wanted to make sure that's included.  So if there's anything 

I haven't asked you about that you want to speak about – 

 

DP: Well, I guess I have to maybe tell all my friends in the Optical Society or say something 

of importance, I guess it would be my new career in education.  So I've always been 

interested in classroom education, aside from mentoring high-end individuals, I've been 

interested in teaching the remedial course for the people who failed New 20 Mechanics in 

the fall.  And what do students have to learn?  And so I, long ago, wrote a mechanics 

workbook.  Probably, you don't know what that is, but it's a program – it's called a 

programmed instruction scheme, so you would see part of the problem in one page, and 

turn and get some other part here, and you sort of have to answer these questions before 

you turn over to the next.  Well, I've always felt that students learn the most from 
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homework, and that's what they say they learn the most from, and that's what they advise 

their friends to study if they want to do well on the test.  And yet, if you look at where 

teachers spend their effort, it's on making the test, but even more on making the lectures 

and in running the labs, and homework's pretty far down, so why is that? 

 

 So I decided to try to make an online homework system that would act like a Socratic 

tutor, that would – the problem is you're doing the homework at 2:00 in the morning, and 

my mentoring attitude is always a little bit like Metastopholes, so I'd go and say, "Well, 

Lee, you have ten problems to do, and you've only done two, and now you've been 

working on the third one for half an hour, and it's 2:00.  Would you be willing to – if I 

broke it into four parts instead of just one, which were worth eight points in total instead 

of ten, would you take the deal?"  And so the idea then became, well, let's make 

something where the hints were optional, where we could solve the teacher's dilemma.  

Do I give one problem which is, therefore, a challenge to the better students and 

impossible for the rest, or do I break it into four parts, in which case it's pretty much four 

exercises for the top half of the class, but everyone will be able to get there? 

 

 Well, electronically, you can not show the hints and add some – take off a little credit if 

you do show the hints.  So that started off that way.  My son joined me, and we somehow 

managed to – the two of us, with a little help from an undergraduate, to put this thing 

together, and I wrote the content and he wrote the program.  And, ultimately, we actually 

showed it had some pretty strong correlation with student learning here.  And then we 

had a relationship with a publisher – well, we had it used a few other places.  So this 
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thing has now turned into Mastering Physics, which is a commercial product, Mastering 

Chemistry, Mastering Astronomy, Mastering Biology, and there will be more.  And this 

year, it's just two years after we sold our company – well, my son and I and then my wife, 

we started a company, and a couple of my – one of my grad students, and then later one 

of my education post docs and some other programmers joined up and we made a 

company and sold it to Pearson.  So we're on a track now to have over 400,000 people 

using it this year.  And it's also educationally-effective. 

 

 In fact, what it is is a personal tutor that comes in a computer terminal.  So it responds to 

your wrong answer, specifically to that particular wrong answer.  It offers help if you 

need it.  When you're done, it says, "Don't go away.  Think about this."  "Could you 

answer this question built on what you just did?"  which is pretty much the way a 

personal tutor works. 

 

 Now if we look at education more nationally, and look at what online education is, my 

opinion of the future is it's personal tutors, made much better, perhaps, with virtual reality 

and so on.  Instead, what it largely consists of, of putting classroom-type activities, 

multimedia, textbooks, same old passive – here's the information, it's perfectly arranged 

for you.  Soak it in somehow.  And it's well-known to be an ineffective method compared 

to a tutor.  So I think that a lot of the problems that this country faces in education could 

be solved by online education, using various kinds of intelligent tutors, combined with 

virtual reality and other kinds of sexy stuff.  And I'm sorry to see the establishment not 

moving in that direction. 
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 And I think that there's going to be a huge crisis, because already we know there aren't 

nearly enough teachers in science and math in the education pipeline to meet the 

retirement of the baby boomers.  And once the baby boomers have retired and they have, 

all the state employees have such nice benefits, and local employees too, that there isn't 

going to be even as much money as there is now for schools, by a long-shot.  And I don't 

see any way out of this bind except electronic education. 

 

 And recently I read Clay Christensen, he's the guy who wrote The Innovator's Dilemma 

and The Innovator's Solution.  He's written now a book called Disrupting Class, and he's 

talking about how this kind of education, online education is going to take off.  And I just 

hope a lot of people in the policy in this country read it.  And I think some of the Optical 

Society members might enjoy reading it too.   

 

LS: Okay.  Dr. Pritchard, thank you very much.  It's been a real pleasure talking with you, and 

I appreciate your taking the time to do this today. 

 

DP: Okay, fine. 

 

LS: Thanks. 

 

[End of Interview] 

 


