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split.  The majority decided to recommend the new development. 

GREENBERG:  In fact, the Redstone would have been perfectly capable of doing the job? 

STEWART:  Oh, yes.  As a matter of fact, in ’56, we flew the Redstone with the upper stages on 

it—only three live stages—as a preliminary test for the Jupiter C warhead testing.  Without the 

fourth stage, we threw the thing three thousand miles down the Atlantic.  And it was the spare 

vehicle for that, which was already down at the Cape in storage in ’56, that we finally flew in 

1958 when we flew Explorer 1.  We brought that out of storage and made a couple of 

modifications so that it could coast between the first stage burnout and the second stage ignition.  

For the warhead test, we didn’t have to coast between the two of them for the launching.  They 

put on a small modification kit for that and put a fourth stage on the nose, which was already 

designed to handle it anyway.  We could have done it in ’56 if we’d wanted to. 

I think there was a bit of high echelon politics that I wasn’t exposed to, because the Navy 

had a real problem in ’55; they really had to get into the ballistic missiles business somehow with 

submarines.  There was a strong group in the Navy that didn’t want to do it that way.  They 

wanted to do the sort of thing that we now call a cruise missile, and they had some turbojet-

powered cruise missiles.  Their performance as vehicles was pretty good, but the guidance 

system wasn’t good enough in those days to make a cruise missile a sensible weapon.  However, 

there were a lot of strong Navy people who really wanted to keep pushing that.  I always had a 

feeling that somebody had decided if you push the Navy into rockets with the satellite, they’ll get 

rockets into the submarines.  And, of course, they did. 

But it was kind of a mess.  Explorer 1 was finally done in less than a hundred days—we 

took the Jupiter C out of storage and made little modifications and flew it.  The biggest worry at 

the time was that the little solid propellant rockets for the upper stages were the oldest high-

performance rocket propellants in the country.  They were older than any of the military weapon 

propellant aging test items.  They’d been in storage down there since ’55.  Our biggest concern 

was whether the propellant really would hold together under these high acceleration conditions, 

with no aging experience of that duration. 

As a result of the split decision in the committee, there were stories floating around.  I 

remember getting a call from Jack Anderson on the telephone at home one time.  He was going 
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to write a column for Drew Pearson.  I don’t know who he’d been talking to, but it was 

somebody who wasn’t really very closely involved with the affairs because he had the story all 

loused up.  He told me what he was going to print, which really was very derogatory toward me.  

I just told him I wasn’t authorized to speak about these classified things.  He went ahead and did 

it and blamed the unfortunate choice of Vanguard on me, although had supported the Redstone.  

I was told that some group even bought a full page ad in the New York Times recommending that 

I should be hung.  [Laughter]  I never checked through the back files to see whether it was true, 

but it’s a nice story.  I probably could have stretched security rules a little bit and straightened 

him out, but I had no obligation to do so.  It was his problem to write a responsible story. 

GREENBERG:  Did they ever fly a Vanguard? 

STEWART:  Oh, yes.  They didn’t make the opening of the IGY.  There were further tests in 1957; 

in December, for example, they had an explosion which got an awful lot of publicity.  Actually, a 

little over a year later they finally had a completely successful test which flew the round-ball, 

twenty-inch sphere, payload number one, that it had been designed for, and it really worked well.  

As far as I’m concerned, the engineers on the Vanguard did an extraordinary job; they brought 

through a completely new development from scratch.  They didn’t have anything when they 

started.  There wasn’t a single component—except for one, which was almost like what they 

finally used, and that was the first-stage, oxygen, jet fuel engine, which had been used on the 

Viking project.  That was pretty close to the Vanguard configuration, but everything else was 

from scratch. 

GREENBERG:  They did this in a relatively short time? 

STEWART:  They didn’t settle on their final configuration until January or February of ’56.  By 

early ’59, they did a full-up flight with full mission.  They really did an extraordinary job.  It’s 

just that we really had no right to ask them to do that in such a short time. 

There were all kinds of underground stories going around at that time about this 

equipment that was capable of orbiting.  The stories were embarrassing to the people in the top 

echelons of the Pentagon.  At one time in ’56, the secretary of the Army sent down instructions 

that all equipment capable of orbiting should be destroyed.  He was just tired of being bothered 



Stewart-86 

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

about this.  Jack Froehlich out at the Lab was department director, one of the three in that 

echelon under Pickering.  He solved that problem.  He assigned the equipment down at the Cape 

to a terminal test, namely, aging.  That’s how, when we finally flew them, they were still there, 

and that’s why they were so old. 

GREENBERG:  How did the applied mathematics department at Caltech come into being?  What 

were the circumstances? 

STEWART:  I wasn’t strongly involved in these discussions, but let me tell you my bystander 

view. 

As it started out, the aero department here was really an applied mathematics department 

too.  The two aspects were indistinguishable; you couldn’t do aeronautics without doing applied 

mathematics.  I guess in principle you could do applied mathematics without necessarily doing 

aeronautics, and that’s what led to the final split.  The applied mathematicians thought they had a 

broader mission in life than just things that might be of interest to aeronautics and space.  At any 

rate, as Clark Millikan had grown the department, he brought in Paco [Lagerstrom] and [Philip 

G.] Saffman, and so on, who were also associated with aeronautics, but they were mathematical 

specialists.  In Manchester, England, I would have been called a mathematician, not an 

aeronauticist. 

GREENBERG:  [Gerald B.] Whitham was already here in aeronautics at that time? 

STEWART:  I was trying to remember when Whitham came; he came a long time ago. 

GREENBERG:  It seems to me he was here in the aeronautics department and then moved to the 

applied mathematics department when it was created. 

STEWART:  Yes.  That’s right.  At any rate, they were here.  There was an interest, which I didn’t 

quite understand, in separating out into a different group.  I’d hear a little gossip over at the 

Athenaeum about the problem every once in a while.  All I can say is that they finally decided 

they should make a change; they decided it should not be in the mathematics department per se 

but should be in both mathematics and engineering.  The problem was how to work out some 
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kind of a compromise that would fit these nominally conflicting objectives.  When it finally went 

through, it was separated and stayed adjacent.  Still, it tended to cross attendance at seminars, 

etcetera.  It looked to me like it was working perfectly well.  There was a similar cycle with the 

applied physics. 

GREENBERG:  So the relationship between the two groups actually is pretty close? 

STEWART:  There’s a difference in viewpoint.  The people who became applied mathematics 

people really were more interested in their discipline.  My impression was they didn’t value the 

matrix idea of a cross-disciplinary group, which is what the old aeronautics department was.  

They were looking for a more discipline-oriented organization. 

GREENBERG:  Do you have any notion as to why that’s the case?  Is this an identity crisis? 

STEWART:  I think so.  They wanted to view themselves in that light.  That’s a continuing 

problem.  There are some people like Brad Sturtevant, for example.  I think he would be much 

happier in a discipline-oriented organization where he can call himself a fluid dynamics man.  

From what I’ve heard, I think he’d viewed the cross-disciplinary thought as obsolete.  In a way, 

this split off with the applied mathematics and applied physics operation shows that, in this area 

at least, they thought the cross-disciplinary approach was no longer appropriate. 

GREENBERG:  Do you personally see any advantage to the non-cross-disciplinary approach? 

STEWART:  Yes.  I do.  I don’t think that it’s bad in itself.  I think that completely organizing that 

way is not wise.  I think the cross-disciplinary approach has advantages in bringing to light new 

areas for research.  Conversely, the purely discipline-oriented organization has an easier time of 

falling into the ivory tower and drawing up the drawbridges, with your outside contacts just 

professional journals and professional specialist meetings.  That’s too narrow a world.  I think a 

top grade university needs a broader view than that. 

GREENBERG:  Applied mathematics has gradually emerged as a discipline since the Second 

World War.  What is its status today?  Does it subsist in the shadow of pure mathematics?  Is this 
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why people are somewhat self conscious of identity and have a need for a disciplinary approach? 

STEWART:  I’m the wrong one to ask, because my comment on that would be that, yes, they are in 

the shadow because they don’t get around enough in the real engineering areas. 

GREENBERG:  This would never have been a problem for von Kármán. 

STEWART:  No.  It isn’t only a problem here; it’s a problem in the applied mathematics groups 

nationwide, in that they tend to talk to each other and not to enough other people.  For a time, 

they talked a lot to the nuclear physics people, but that’s unfashionable now.  I think I see signs 

of withdrawal. 

GREENBERG:  Did GALCIT change in any significant way with Harold Brown’s arrival? 

STEWART:  I would say it did.  I think the whole school changed, because Brown viewed his role 

in a different way than DuBridge did.  DuBridge was a father/confessor for everybody.  He was 

interested in what everybody was doing and he would give encouragement.  I think that Brown 

felt a little diffident about the faculty.  I think in several ways he organized things so that the 

faculty was supposed to be a self governing, democratic body, which in part it really has to be.  I 

think we also suffered from excesses of democracy.  [Laughter]  Among other things, the job of 

department head or division head became an unattractive job because the ability of the head of 

the engineering division, for example, to grow areas or to influence what went on at the group 

level was really reduced, because each appointment had to be heavily processed by committees.  

He couldn’t approve it; he could veto it by not forwarding it to the top level committee, where 

the decision to make an offer would be made.  He had a veto power, but he didn’t have any 

firsthand power to improve the health of the organization except through complicated political 

processes.  I think we still suffer from excesses of democracy.  And I think the job of division 

chief, or department head, like Hans Liepmann, is not an awfully attractive job these days.  

You’ve got lots of troubles and lots of difficulties and damn few satisfactions. 

GREENBERG:  Hasn’t it gotten better since Goldberger came? 
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STEWART:  It has in one way.  Goldberger, at least, went back to the business where he was really 

interested in what people were doing.  For example, I don’t recall ever seeing Brown pat 

somebody on the back and say, “Hey.  That was something real good you did.”  I never saw any 

attempt by Brown to guide the Institute into various areas, except by going back to the grassroots 

to see if something would come up from there.  If you want to do something different, it doesn’t 

necessarily come from there.  New ideas can start anywhere.  I have a feeling that Goldberger is 

much more interested in what individuals are doing and is interested in talking to them. 

I think Brown viewed his duties in a more limited way.  He did a very good job of 

handling the central administration.  Caltech came out of the sixties much better than a lot of the 

universities in the country because he’d recognized that this boom for great expansion in all 

directions was not a good idea.  He just didn’t let us do it.  The boom finally collapsed for 

economic reasons; inflation was finally getting to us by 1970. 

GREENBERG:  What about the social science business?  Brown was responsible for that, and that’s 

pretty controversial right now.  Should the move have been made? 

STEWART:  Well, I still don’t know what to think of it. 

GREENBERG:  I guess a fair amount of money goes into it. 

STEWART:  Yes.  Let me talk a little bit on general philosophy for a moment.  If you go back to 

the nineteenth century, education was the same almost everywhere.  I know that when my father 

was going to high school, he took courses in ethics and physics and economics—all the classical 

things.  President Jefferson, for example, knew everything about everything—about as well as 

any professor at Cambridge did.  During the nineteenth century, the Renaissance man was the 

ideal.  I remember Poincaré boasting that he knew everything about physics. 

About 1890, I think, developments in the application of science and engineering 

technology had become messy enough that people in the colleges decided that you didn’t need to 

expose everybody to these complicated affairs.  They thought you could let some people 

specialize in science just as some people specialized in medicine.  Places like Harvard, for 

example, had a BS degree and a BA degree, but the BA was the one with importance.  

Unfortunately, with the BA degree they very rapidly left out science. 
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By the middle of this century, we found that very few of the people with BA degrees got 

even as much as one year of honest-to-God modern mathematics or science.  I think that’s a real 

tragedy, because you can’t understand why the modern world is different from the fifteenth 

century without understanding science and technology to some degree.  At a science school like 

Caltech, where you also require the students to spend a fair amount of time on some of the 

classical ideas of antiquity, the old BA degree idea is more nearly followed than it is in most of 

the colleges that grant a BA.  So it’s really this thought that gives me a reluctance to come to any 

conclusion about the social sciences work at Caltech.  I think that the basic idea of a little bit 

more of that in the minds of our people is probably all to the good.  I just don’t know whether the 

particular way they’re doing it is all to the good. 

GREENBERG:  I guess it gets back to what the role of this kind of an institute should be.  Is 

Caltech a typical university?  Historically, the social sciences at Caltech seem to be an anomaly. 

STEWART:  It does in a way.  On the other hand, Caltech is probably closer to what an 1890 BA 

did at Harvard than a Harvard BA is now. 

GREENBERG:  From the beginning, there was a concern that students here receive some 

background in classical studies.  The people here, like [Clinton] Judy, were quite good at that. 

STEWART:  Yes.  We taught our students that they could work hard, and up to the time they came 

here, most of them hadn’t had to learn that.  If they have a sufficiently broad viewpoint, a lot of 

our people are moving up in pretty powerful ways. 

GREENBERG:  What kinds of things have you been working on most recently?  Anything very 

different? 

STEWART:  One thing that I wanted to do was to spend a little more time working with the 

windmill problem.  I was a little disappointed at the way some of the windmill work was picked 

up by the government.  They picked up the idea again in the NSF and later in ERDA and the 

Department of Energy.  I sat on some of the NSF proposal review sessions in the early years.  

Their view of what was appropriate just didn’t seem very productive.  They ended up spending a 
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lot of money at a lot of universities.  None of the programs they approved were programs that I 

wanted to be associated with.  That’s the difficulty of the peer review group; if you get a certain 

kind of activity going, it tends to preempt anything different.  The essential problem was to put 

good engineering on fairly large scale things.  It’s hard to break that down to a one-man PhD 

thesis. 

 

Begin Tape 6, Side 1 

STEWART:  I submitted a proposal to NSF only once.  Based on the reaction, I decided there just 

wasn’t any point.  The fellow who was head of the DOE windmill section was one of my old 

friends from JPL; they brought him back to Washington because in the NSF they only had 

experience in putting out research contracts to individual professors.  I used to go back to see 

him and show him some of my parametric studies. 

He also had difficulties.  For example, one of the problems I saw there was that they 

brought in the NASA-Lewis group to handle their big windmill work.  NASA, quite properly, 

started out with their first project, their Mod Zero windmill, in the quickest way that they could 

to get something going.  They bought a paper design from a German who had built a hundred-

kilowatt machine.  This gave them something that they could build and start going.  They wrote a 

very conservative specification where the thing had to be able to withstand all kinds of bad 

treatment and all kinds of system failures.  It probably was just as well, because when they built 

the first one, they almost broke it a hundred times with poor operating processes and bad system 

ideas that didn’t work very well.  The problem was that when they went on to the next step, after 

they’d done some paper work to try to decide what kind of windmill might have an economic 

future, they didn’t have the wisdom to change sufficiently that initial specification.  So they kept 

getting relatively rugged but very expensive, very heavy, and very low efficiency machinery. 

I would go back and talk with Lou and show him what I had.  I guess the problem was 

what the people in Washington call a sensitivity analysis; they had specifications, and each 

specification statement had some implication for the final product.  If you over-specify a project, 

the result is completely defined by the specification whether you realize it or not.  If your 

specifications are such that you have to get low efficiency equipment, you’re going to get low-

efficiency equipment, because every contractor who works for the government today knows that 



Stewart-92 

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

you’d better follow the specification.  Otherwise, you’re going to lose your shirt.  It doesn’t pay 

to tell the customer how to get a better product, unless he asks you to tell him.  This business of 

looking at individual line items in the specification to see what their overall effects are is called a 

sensitivity analysis.  Over a five-year period, Lou was never able to get a sensitivity analysis 

program out of the NASA-Lewis people.  I finally decided that I should do some of these things 

on my own here.  I’ve been doing some of them and every once in a while I carry them back to 

the NSF. 

I did carry some things back in 1980 to the summer meeting in Cleveland.  They were 

interested enough so that they did follow through.  That was just when I was retiring.  Since I 

was on an early retirement program, they couldn’t very well take a contract here because the 

government tax collectors would say that I wasn’t retired; that was just an excuse to get out of 

Social Security payments.  It was perfectly all right to do it through any other way, so they 

finally gave me a subcontract down at the University of Kansas at Wichita.  I published a paper 

showing what the ideas were, but they wanted me to do a design for a fixed pitch windmill with 

certain other things.  They wanted to compare that with some other things that they had. 

It was interesting that by the time I finished with this calculation, I compared it with this 

first Mod Zero they had—a variable pitch design where they could change the pitch at each wind 

speed to get the best performance.  With just a fixed pitch design, I ended up with a calculation 

that checked pretty well with their experiments.  The procedures were pretty well calibrated; 

they’d done good predictions in the Grandpa’s Knob windmill. 

At its peak design point where you wanted to get full power, my design showed about 6 

percent more power output than their Mod Zero machine; at two-thirds that wind speed, it 

showed 80 percent more power.  At half that wind speed, theirs went to zero power, whereas this 

was still, in a dimensionless way, at half the peak efficiency.  In other words, it had a much 

higher efficiency curve.  Their curve, incidentally, was substantially below the Grandpa’s Knob 

curve; mine was just about at the Grandpa’s Knob curve, even though it had a fixed pitch.  I 

finally gave that to them a few months ago, and I haven’t heard any strong reaction; on the other 

hand, I haven’t badgered them to see what they think about it either.  At any rate, I am working, 

and I do see some ideas that I think have some real possibilities for improving the commercial 

product, as commercial products come along.  As a byproduct of that I’m also trying to put 

together my last year’s windmill class notes as an integrated manuscript. 
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GREENBERG:  Was this course on windmill technology that you taught in the seventies a novel 

course? 

STEWART:  Yes, it was novel.  It was not unusual—we’ve given special courses on special topics 

at various times. 

GREENBERG:  Here at Caltech, but is windmill technology unusual as a university course 

elsewhere in the U.S.? 

STEWART:  In several universities they have given propeller courses as part of the regular aero-

engineering thing.  Of course, the aerodynamics of windmills is closely related to either 

propellers or helicopters; the structure is closely related to airplane wings or helicopter rotors.  

So the aeronautical analog has existed in a number of places.  We’ve never given a helicopter 

aerodynamics course here at Caltech; several times we have tried to give it, but for one reason or 

another it didn’t go.  But other people have done so. 

GREENBERG:  You were saying that there were advances in helicopter technology during the 

Vietnam War. 

STEWART:  Yes.  These were mostly analytical advances that permit you to do your design work 

better to understand what the problems are.  The real advance was in being able to do these 

messy problems with a computer.  In the thirties, you could conceive of doing the problem, but 

you couldn’t carry it out by hand. 

GREENBERG:  Can this be easily carried over into the windmill problem? 

STEWART:  Yes.  Actually, we started thinking about the windmill idea in ’71.  I think ’73 was 

when Ernie Sechler and I first actually did it.  I don’t think any other place in the country 

actually did a windmill series at quite the level we did, although there were many who did it at a 

very elementary level.  Wilbur Nelson, who was one of our graduates—I guess he got his AE 

degree here about 1935 and spent most of his life at the University of Michigan—organized a 

windmill course at a more advanced level there than most.  So our attempt was unique.  I think 
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we did it more completely from a systems standpoint than most people did.  Of course, we had 

some prior experience with the Grandpa’s Knob that helped.  We spent a fair amount of time 

worrying about the aerodynamics and the various system ideas.  We also studied why you’re 

probably going to get—if you want a high efficiency system—an old-fashioned, horizontal axis 

windmill that looks more like a propeller than a windmill.  We gave them a pretty good exposure 

to the literature.  There is a collection of references that our library put together and made a big 

bibliography.  We’ve got a file down in the library with a lot of data, and a lot of the appropriate 

background materials. 

GREENBERG:  And now you hope to publish your lectures in the form of a book? 

STEWART:  I’m making slow progress because I get distracted with many things, like that fixed 

pitch design I did for the University of Wichita. 

GREENBERG:  What about the rocket test series that you were involved in? 

STEWART:  I mentioned the special capabilities committee where we’d done the advisory work 

with the secretary of defense on the satellite area that led directly to the Senate appointment.  

Before that, in ’47—before the Air Force was set up under the secretary of defense instead of 

under the Army—they had what was called the Joint Committee for Research and Development 

in the Defense grouping.  That became the RDB, the Research and Development Board, after 

’47.  The RDB had several subcommittees, one of which was a committee on guided missiles.  

Clark Millikan was one of the members of that committee, and for some time he was chairman.  

There were a couple of subcommittees that reported to that group, one of which was called the 

technical evaluation group.  Clark had me appointed to that.  For one year, during the 1951 

period, I was chairman of that group. 

Our duty was to examine all of the guided missile programs going on in the country on an 

annual review basis, and to prepare a status report on each of them for submission to the main 

committee.  It was actually a technical auditing function, which they set up outside but 

paralleling the technical command function that went through the services.  This was a very 

instructive and fairly influential activity.  I think it helped considerably to speed our rate of 

development in the guided missile area. 
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I should mention that this business that I thought we’d made a big jump on in the early 

fifties where we really caught up fast on the Russians and the big ICBMs, came out of this RDB 

kind of thing.  A number of special programs were set up.  For example, each of the services set 

up a large-weapons program.  The Air Force set up one under Ben Schriever, and the Navy set 

up one under [Rear Admiral] Red Rayburn, and the Army under General [John B.] Medaris.  He 

was the one who headed up the Redstone activity and ran the Redstone development and the 

Jupiter development.  The special programs that were started were the Atlas and the Polaris and 

the Jupiter; in all three cases, each of the services set them up with special administrative 

functions which in essence bypassed all of the normal intermediate administrative review 

echelons of the Pentagon.  All three of them worked beautifully and made rapid progress.  By 

’57, when all these things were working, they gave up the special organization and went back to 

the standard procedures; the rate of progress also went back to a normal slow rate.  [Laughter]  

At least it proved that if we really wanted to do something and were willing to accept the 

superior organizational mode, we could do it. 

GREENBERG:  It’s interesting that the decision to do it had absolutely nothing to do with the 

launching of Sputnik. 

STEWART:  Right.  By the time Sputnik was launched, they were almost at the point of giving up 

the special organization and relapsing into the normal bureaucratic mode. 

GREENBERG:  That’s interesting.  The public didn’t know anything about this.  Is there anything 

we haven’t talked about that you’d like to bring up? 

STEWART:  From the standpoint of my own personal history, I’d like to say a few things.  In 

1958, when NASA was formed and JPL was transferred to it, T. Keith Glennan, who was going 

to be the new administrator of NASA, and his deputy, Hugh Dryden, came out to California.  

They invited me to meet them in a hotel in Los Angeles one evening in September—which was 

just a few weeks before NASA was starting operation.  They invited me to take a leave of 

absence from Caltech and go back there to head up a staff office in the headquarters under their 

office for planning purposes.  I accepted it and took a leave of absence here.  We left about the 

first of November.  I took the family back East and bought a house just outside the District line.  
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We kept our house here; I had no intention of staying in Washington.  We spent two years there. 

It was an interesting exercise, and I think that I stayed long enough to do something 

useful.  I had a fair impact on what went forward.  The main thing that Glennan wanted from me 

and the group I set up there was a draft of a long-range plan.  In terms of that, you could then 

make the short-term, year-by-year budget decisions and program decisions that would keep you 

moving in the right direction.  Most of the things that have been done between then and now 

were incorporated in that plan in some form.  The planetary business went ahead much faster 

than we visualized in those two editions of the plan that I had anything to do with.  The bottom 

line on the long-range plan that was put together the first year and submitted to Congress had a 

nonscheduled item, which was the manned landing on the moon—it was there largely as an 

indication of the general direction that the whole activity was moving toward.  We didn’t have 

any formal statement in the plan that went to Congress which even sized that activity. 

In the fall of ’60, I got a request from the White House scientific staff to brief their people 

on our thoughts on the manned lunar landing problem.  Some of the regular people in the 

program offices of NASA headquarters were a little reluctant to stick their necks out on such a 

thing.  I did the briefing pretty much myself, although most of the numbers came from the 

organization.  The time schedule we gave them was ten years from whenever you decide to go; 

we didn’t think that it was quite the time to go yet, and we weren’t considering that it would be 

right the following May, when it actually became time to go.  I used a twenty- to forty-billion 

dollar cost estimate, which Kennedy later used in his speech.  I think that’s probably as good a 

brief program estimate as anybody’s ever made for the government. 

The reason the White House had asked for it was the people there wanted to know 

something about it because they figured it would be coming up again.  It was after the election, 

of course, and Kennedy was going to be the new president, and Eisenhower didn’t want to do 

anything to pre-commit him in any way.  He sort of put this in the same category as he did the 

Cubans who were in Florida.  He wasn’t going to approve any program for their use of Cubans 

because it was too important, and he didn’t want to pre-commit his successor to a bad plan or to 

a plan he didn’t understand.  We briefed the White House people on the Apollo thing.  But we 

understood that they weren’t going to do anything about it right away. 

GREENBERG:  You estimated ten years and it was slightly less than ten years? 
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STEWART:  The first landing was eight and a half years.  It was a good estimate.  I did it by 

looking at other big projects.  People usually don’t realize how big some of the projects were that 

were done in those days.  The biggest one I knew at the time and one that I used most strongly 

for scaling the costs was the B-52 program.  They started building the B-52s about ’52, I guess.  

By 1960, all the structures had been built and they had all been flown and they had all been run 

back, most of them, through the mod lines to put in the updated instrumentation and guidance 

equipment and all the rest of this stuff that they needed.  I guess they finally shut down the last 

mod line in ’62. 

As of 1960, when I put together all of the different cost elements I could think of—which 

was hard to find in the federal budget because they’re never set up to do that; they’re set up to 

decide whether the money is spent legally—the B-52 was up to fifty billion dollars, and that was 

fifty billion in 1955-56 dollars, which would be about three hundred billion now.  That was the 

biggest thing I looked at to try to get a scale on the cost for the Apollo.  I tried to do it by 

deciding what was the level of effort required, and then I tried to find something comparable.  It 

was a little less than the B-52s, but not much less.  Yes, a dollar went a lot further in those days. 

GREENBERG:  In his autobiography, von Kármán stated that Prandtl’s work was of Nobel Prize-

winning caliber but that people in mechanics do not win the Nobel Prize because the field “is not 

as sublime in the twentieth century as the branches of physics.” I was wondering if you had any 

thoughts on that. 

STEWART:  There’s something to that.  You know, there were people like Poincaré who could say 

he thought he understood all of physics.  In fact, there’s a classical physical problem that had 

been identified twenty years before Poincaré’s remark which still is not solved.  That’s the 

problem of turbulence.  It has application in all kinds of places, not the least of which is stellar 

dynamics.  When we get Bob Christy to give us a seminar here on stellar dynamics, they find 

they have to rely on turbulent mixing in order to get the energy out of the star.  Of course, they’re 

stuck with the same problem we are with the atmosphere and a lot of other things, where you can 

use empirical rules that enable you to scale the effect but you can’t calculate it ab initio.  Frankly 

I would think that if anybody were to solve the turbulence problem—and that’s purely applied 

mathematics now I think—there’s reasonable evidence that no additional physics is necessary 
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beyond the Navier-Stokes equations.  The problem is that they’re so complicated in nonlinearity 

that nobody knows how to do the statistics of averaging.  For example, I think Einstein pretty 

well solved the Brownian movement problem, but that’s a very simple problem in comparison.  I 

think the turbulence problem is a very good problem in mechanics, which would deserve and 

probably get a Nobel Prize if anybody would actually solve it. 

GREENBERG:  I guess the problem for von Kármán was he thought that Prandtl had actually done 

some things that were of Nobel Prize-winning caliber—like, introducing the concept of the 

boundary layer.  He thought that was fundamental and really as good as anything that anybody 

did in that time, but Prandtl, of course, never got the prize. 

STEWART:  No, he didn’t.  I don’t disagree with Kármán’s assessment that this was a piece of 

work as good as what many people did, but it was different.  It was a simplified view of the 

physics which turned out to be useful where you neglected the full details; whereas the Nobel 

Prize went more to people who were finding out more precise details.  It was a different line of 

thought, and as far as I know, it’s a line of thought that’s appropriate to applied mathematics, but 

it’s not appropriate to physics. 

GREENBERG:  From reading some Caltech publications about current work in aeronautics, I’d 

gotten the impression that there was a new line on the turbulence problem, that the old approach 

of the thirties of statistical averaging was somehow in the process of being modified as a result 

of some experiments. 

STEWART:  It really isn’t.  The idea of a universal turbulence pattern and wall flow, for 

example—what they’ve got now is similar to the wall flow idea.  This is a pattern that happens in 

turbulent mixing, the jet interface, for example.  They see characteristic structures that come out 

of that.  In boundary layers on wings or other things, the transition zone is characterized by 

typical structures that are observed—this idea was first noted thirty years ago.  The more modern 

instrumentation of the laser velocity measurements has pretty well identified similar structures in 

the typical structures in the jet mixing zones. 

GREENBERG:  That is to say that there’s more of an overall pattern than had been noted hitherto? 
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STEWART:  It seemed to be more consistent.  In a way, I would interpret this as meaning that this 

should lead to more reliable empirical rules for closing the mathematical structure than the old 

empirical rules.  But I don’t think it gives a clue yet as to the fundamental interpretation of the 

turbulence problem.  It should enable you to do better prognostication of many turbulence 

problems, while still using empirical data to establish closure problems.  It’s still a step short of 

what I would consider a Nobel Prize solution of the turbulence problem. 

 

Begin Tape 6, Side 2 

STEWART:  I have been doing some work which might sometime lead in that direction.  I talked 

with Hans [Liepmann] long years ago, and I thought that if you could really work out in detail an 

exact solution of the Blasius boundary layer equation singularity, that might be a clue as to the 

direction to go for a more general investigation.  I did some miscellaneous work with that fifteen 

years ago and decided I wanted to spend more time on it.  That’s such a long shot research thing 

that I couldn’t possibly ask anybody to support it, so eight or ten years ago I asked to go on 

three-quarter time to leave me a little time for some personal research.  That was one thing I had 

my mind on.  I learned a lot of odds and ends of nonlinear equations, and a dozen times I thought 

I’d made a breakthrough to what might be a new understanding.  To date, those things have 

always been aborted.  [Laughter]  Every few months I’ll pick it up and work on it again, and will 

probably work on it as long as I live, unless I finally get somewhere.  It is a possible way of 

getting at the Navier-Stokes general problem.  It’s been fun; I know more than I’m interested in 

about all kinds of classical nonlinear equations; I go from one intractable form to another so far.  

[Laughter]  Of course, the problem from a numerical standpoint is, if you want to get the 

numbers, just compute them off to any accuracy you want, but the significance of the answer is 

no more than that of the closure assumptions.  I was trying to do the more applied mathematical 

problem and get a form of solution of the Blasius equation in which the constants of integration 

appear explicitly, so you can see the functional relationship that’s involved there.  I have some 

new clues to pursue.  It’s an intractable problem, and I’ll work on it a little bit, now and then.  

It’s been fun but nonproductive, so far. 

 



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

 
 

CALIFORNIA INSTITUTE OF TECHNOLOGY ARCHIVES 
 

ORAL HISTORY PROJECT 
 
 
 
 
 
 
 
 
 

SUPPLEMENTAL INTERVIEW WITH HOMER J. STEWART 
 

BY SHIRLEY K. COHEN 
 

ALTADENA, CALIFORNIA 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Copyright © 1998, 2007 by the California Institute of Technology 



Stewart–ii 

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

SUPPLEMENTAL INTERVIEW WITH HOMER J. STEWART 
1993 

 
 INTRODUCTORY NOTE 
 

The Archives’ original interview with Homer J. Stewart was conducted in 1982.  
Subsequently Dr. Stewart requested a second interview.  He wrote to the archivist: 
 

 A part of my life that always seemed important to me and was not explored to any extent in 
our previous discussions was the many interactions with government agencies that were 
not directly connected to the academic program at CIT.  I know of many similar stories in 
the lives of other CIT members.  The oldest story is of R. A. Millikan’s work with the NRC 
[National Research Council] and his research on underwater sound and the development of 
SONAR in World War I.   

  
 Great emphasis was always placed by von Kármán on the importance of developing a 

broad range of professional contacts, not only in academic circles but also throughout 
industry and the government.  The energetic propagation of this viewpoint throughout our 
small group was, in my opinion, largely responsible for the timeliness and productivity of 
our researches and for the strong role played by GALCIT in developing the modern 
aerospace industry.   

 
 I feel that a collection of this type of information from the senior members of the CIT staff 

might well suggest reasons why this small institution has had a worldwide reputation. 
 (February 2, 1985) 
 

The 1993 interview captures in part Dr. Stewart’s memories of his service to government 
agencies and congressional committees during World War II and the years of the Cold 
War.  It also includes reminiscences of Kármán, Clark Millikan, and other Caltech 
colleagues such as McCoy, Biot and Zwicky; the Caltech wind tunnel; details of airplane 
design; and observations on the establishment and growth of California’s aerospace 
industry. 
 
Dr. Stewart provided the Archives with a list of his government and industry affiliations.  
That list is included in an Appendix to this interview. 
 
 
 
November 1996 
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Begin Tape 1, Side 1 

STEWART:  Well, you must have the first word. 

COHEN:  Okay, Dr. Stewart.  We’re going to talk a little bit more about your life outside of 

Caltech, as far as your professional work went—how that began. 

STEWART:  Well, of course, one thing you’ve got to remember is that engineering was a very 

primitive business in the 1930s.  It was just starting to become technical, in the sense that physics 

and science were more important than government rules and regulations.  The government rules 

were nonsense; you were a fool if you only followed them.  Well, I was thinking in this line 

when I came to Caltech.  But really I started earlier than that, although I didn’t realize it.  About 

1950, I was thinking about what had gone on during the previous fifteen years, and suddenly 

realized that I could only remember the names of four or five of my professors back at the 

University of Minnesota.  I wondered about that.  Finally I decided that the thing that made this 

particular group different from the others was that they were the ones who had outside 

connections: connections with industry, connections with the government science offices.  When 

I came to Caltech, this point was impressed upon me even more strongly.  In thinking back on it, 

I realized my interpretation of what I’d done at Caltech. 

COHEN:  It just came to you? 

STEWART:  I hadn’t had it as a line of thought, of how to interpret things up to that point.  But as 

you know, [Theodore von] Kármán was a, well, the title of the book up there is The Universal 
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Man, you know.  He wanted to know everybody.  He knew essentially all of the people in the 

industry.  They were largely concentrated here in California by that time.  He had them over for 

seminars.  He knew the military because by that time—by 1936, it was clear the war was coming 

on.  Our poor military couldn’t do much about equipment, although they’d already got the first 

big government money since World War I—they got a whole million dollars for the design of the 

B-17 back in, what, 1934 or 1935.  They couldn’t build equipment, but they could at least train 

their young officers.  We had a group of the best young men that the services, both the army and 

the navy, could pick out and send to us.  And they were very good.  I remember in the first 

classes I taught, there were three of them that ended up as lieutenant generals. 

COHEN:  Now were they special students or were they regular students? 

STEWART:  Regular students. 

COHEN:  Sent by the army to Caltech? 

STEWART:  Yes.  There were a couple of naval officers that ended up as vice admirals in that 

early group.  They sent us the best people they could. 

COHEN:  Who made that arrangement with them? 

STEWART:  Well, Kármán was largely responsible for that.  He talked to all the people back at 

Wright Field and he talked to our congressional people.  He knew people in Congress. 

 As a matter of fact, in the fall after I’d been here three months, Kármán asked me to take 

over a job for him which was being done for Congress.  This is the story of the Macon and the 

Akron, if you remember those big dirigibles.  The last one to die was the Macon, which went 

into the ocean off the coast here.  The failure took about, oh, a whole afternoon.  It was first 

damaged and then they dropped an engine aft and valved some gas forward.  They had a log that 

kept track of all these things.  The congressional committee investigating the thing decided that 

you ought to have a scientific look at this.  They organized a committee headed by [William 

Frederick] Durand, the head of the [aeronautics] department up at Stanford.  Durand incidentally 

was head of another committee which you probably have heard of.  It was a committee set up by 
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the Guggenheim Foundation to put together a good scientific series of books bearing on the field 

of aeronautics.  It’s called the Durand Series.  Here are the books. 

COHEN:  That’s okay. 

STEWART:  Well, I wanted to show them to you for a special reason.  Here’s the first one. 

COHEN:  Okay, and did many people here work on that? 

STEWART:  Well, yes, Kármán has a piece in here.  And there are people all over the world.  And 

the arrangements were made to publish them in Germany.  They were published by Julius 

Springer.  You can see the little paste-on there.  Back when World War II came on, we decided 

they needed lots of copies of these things.  We were the people who did all the reprint books.  

Anyway, they borrowed my set of the volumes, took them apart, and made the corrections.  I had 

a list of corrections that I’d done through them.  They did the corrections and reprinted them.  

After they were reprinted, they rebound my things and gave them back to me. 

COHEN:  So that’s a historical book. 

STEWART:  Yes.  So that’s the same Durand.  Now, to return to the Macon, what Kármán did for 

Durand was to arrange with one of the naval officers here [to study the Macon dirigible failure].  

He did this as an MS degree-type thesis and set up the equations of motion.  He calculated what 

the airship should have done from the record of the control settings, the speed, the altitude, and 

so on.  To the extent that it didn’t follow that, you could infer what the gust structure that hit the 

thing must have been.  And so he carried that through and spent a year working on it.  Then he’d 

gone off—got his degree and gone off.  The report was due in Congress in January so Kármán 

wanted me to sort of finish it up.  Well, I got into it about two weeks and there was something I 

didn’t feel right about.  And I remember talking to Francis Clauser about the differential 

equations that were being used.  There was one there that I wasn’t too certain of.  “Yes,” he said, 

“Yes, that one’s all right.”  And suddenly, I realized what the problem was.  The problem was 

that the differential equations were worked out in a coordinate system that was tied to the airship, 

so as the airship pitched up, the coordinates pitched up.  In other words, it was a moving 
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coordinate system.  While the aerodynamic coefficients used relative wind coordinates. 

COHEN:  The wind was horizontal? 

STEWART:  Yes, but there were gusts and the airship moved and the aerodynamic coordinate 

system was tied to the relative wind rather than to the airship.  So here we were about five 

months short of being due in Congress and all the calculations that had been done to date were in 

some sense wrong.  So I dived into it.  I’ve still got the paper, the file of this stuff, somewhere in 

my things.  I put in fourteen hours a day from then until it was finished.  In the process, I had to 

take incompletes in every one of my classes. 

COHEN:  You were a graduate student? 

STEWART:  I was a first-year graduate student.  That’s a heck of a way to start a graduate course! 

COHEN:  Kármán must have had great confidence in you. 

STEWART:  But I did it and I got it done.  And the results were of considerable interest—shed a 

lot of light on what was going on. 

COHEN:  Would you say that was your first introduction to working with someone outside the 

university? 

STEWART:  No, I had done it before.  Go back to 1934.  The Weather Bureau had put out two 

contracts for developing radio equipment that could be carried up on balloons—radiosonde-type 

equipment. 

COHEN:  Right, I think we have that.  So you don’t have to tell that story again.  That’s a good 

one.  So anyway, you’d had some previous experience. 

STEWART:  And I’d had previous experience with industrial things through two airplane design 

projects I’d done. 
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COHEN:  So there always was this liaison between work and study. 

STEWART:  Well, I had some connection with the real world, yes.  At any rate, this business with 

the Durand committee and Congress was, you know, quite inspiring for a young fellow.  All at 

once, you’re messing around with national politics. 

COHEN:  Did you actually go to Washington? 

STEWART:  No, I never had to do that. 

COHEN:  That was something that Kármán did? 

STEWART:  Kármán and Durand and so on. 

COHEN:  Well, I hope they gave you credit. 

STEWART:  Oh, probably.  There probably was a list of helpers.  But that was quite an eye-opener 

for me.  Kármán also had set up an arrangement so that the chief engineer at Douglas came over 

and gave a series of lectures to us.  In my second year here, that series of lectures was the sort of 

thing that Maj [Arthur L.] Klein handled and was about various phases of airplane design 

problems.  The next year, that course started out with Maj Klein handing out a little story sheet 

which was essentially your assignment sheet for the term.  This story sheet pointed out that the 

U.S. Maritime Commission had just put out a report which said that now that the DC-3 was 

coming along and now that we could see what it was going to be, no nation will ever build a 

passenger ship to carry passengers across the ocean for purely economic reasons.  It can’t 

compete with the airplane.  They may build passenger ships for military reasons or for military 

support reasons—to carry passengers as part of the cost of having them available—but never for 

purely civilian reasons.  That was a very foresighted thing.  Most of our politicians didn’t 

understand it for thirty years.  And we, all of us who were working on this thing, had a good 

incentive in the class to see what was going on.  And it wasn’t only that.  Clark Millikan, for 

example— 
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 Oh, another thing about Kármán.  He was interested in all these things and he had lots of 

good ideas and did a lot of good initial work.  But he was also very lucky because every once in 

a while, when he got to a point, he had a good first-rate youngster to pick it up and carry it on.  

Now that happened at Caltech with the wind tunnel.  In Kármán’s first contact with Caltech, they 

decided that the plans for the wind tunnel that they’d had were not the best.  It would be better to 

do it as a closed wind tunnel and get a higher efficiency.  What happened is that in getting a 

higher efficiency, they also got a lower turbulence.  Clark came along, and he took up the wind 

tunnel.  It was his prime responsibility.  He carried it on and he made it a world-renowned 

device. 

COHEN:  Do you think the idea of the wind tunnel was to get more cooperation with outside 

people?  More than just a teaching device? 

STEWART:  I don’t know to what extent that was a prime incentive in the first place because there 

were plenty of incentives from any standpoint. 

COHEN:  I see.  Anybody who can design something— 

STEWART:  Now it was true that there were the government laboratories.  The NACA [National 

Advisory Committee for Aeronautics] had some wind tunnel facilities.  And they did put out 

reports which summarized their experiments.  A lot of the simpler parts of the aircraft industry 

were satisfied with extrapolating or interpolating or whatever you had to do from the NACA 

record, and accept that as being good enough.  The thing that made the DC-3 different was that, 

if you thought about economic problems, why, a three percent or four percent difference in 

productivity is a world of difference in the profit line after you take all the costs off.  And 

suddenly this was enough so that the DC-3 could carry passengers without a subsidy.  You could 

carry even if you didn’t have the airmail subsidy and still make money. 

COHEN:  So that was an economic decision. 

STEWART:  That extra few percent of aerodynamic efficiency they got out of the wind tunnel 

tests done at Caltech. 
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COHEN:  Is that right?  Those were done here?  The DC-3? 

STEWART:  Oh yes.  In fact, that was a good part of my work, night work in the tunnel during the 

1936-37 period. 

COHEN:  Now was that part of your studies?  Part of your thesis work? 

STEWART:  Well, I was invited to come here.  My professor back in Minnesota said I should go 

to Caltech.  So I wrote and inquired about the support because I was penniless except for what I 

earned.  I got back a letter offering me a wind tunnel fellowship which paid sixty cents an hour.  

As a matter of fact, the first seven months I was here, I made $500.  Golly, I was so rich, I could 

hardly stand it.  [Laughter] 

COHEN:  It’s not the usual thing, you know, paying the students. 

STEWART:  Yes, but laboratory assistants are normally paid.  So I worked on the wind tunnel.  I 

did my classes except that I had to take incompletes that first term.  I did go to the classes.  I just 

couldn’t do the extra work.  I got sidetracked here. 

COHEN:  What I would like to go on with is the torpedo problems—the 1942 NRC [National 

Research Council] on the torpedo problems. 

STEWART:  Okay, we’ll get to that.  Well, anyway Kármán brought in all of these people.  So we 

did have contacts with everybody.  He brought in good seminar speakers.  He brought in Sydney 

Goldstein from Manchester, who was here for a year, or six months maybe.  He brought in 

people that did different things, and just as a general eye-opener.  But it wasn’t until 1950 that I 

realized his was kind of a unique viewpoint.  There were an awful lot of places that didn’t do 

this. 

COHEN:  That’s correct.  I mean it may even have been unique to Caltech. 

STEWART:  It was more extreme here than at most places. 
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COHEN:  But I think when we were just chatting, you said that this really was always Robert 

Millikan’s idea.  That Caltech would provid— 

STEWART:  That of course was one of the basic reasons why Caltech was put together in 1918, 

when Millikan agreed to come and take over.  It was because of his feeling, which was in 

agreement with the Board of Trustees group, that California needed a place like MIT that could 

provide a science center which could provide the support for industry that industry needed to 

have.  Up to that point, California didn’t have one.  Yes, so the basic idea was wider than just 

Kármán.  But he— 

COHEN:  But he carried it to an extreme. 

STEWART:  He carried it, yes, he worked hard at it.  And Clark worked hard at it, too.  Anyway, I 

got through that first year.  I made up my projects so I could get my grades and continued as a 

student.  But, oh, a whole series of things went on.  We started getting secret projects at Caltech. 

They came in as the war got progressively closer. 

 The first one we had was a television-guided bomb that was a project of Hugh Dryden at 

the National Bureau of Standards.  And then we got the testing for what became the P-38, our 

first twin-engine fighter.  A good long-range fighter.  As the war came on in Europe, the British 

realized that they needed to have a long-range fighter.  The Spitfire was beautiful and wonderful 

and a lot better than the [German Messerschmitt] Me 109 in several respects, but it couldn’t fight 

a battle more than 100 miles from its air force base, and Berlin was 500 miles from London.  

One of the first things that happened in 1939 was that the British made arrangements with what 

was then North American—it is now Rockwell—to do the design for what became the P-51.  

The P-51 could accompany our bombers clear to Berlin when we got there.  So we got a two-

year start on actual military weapons for the war. 

COHEN:  When you say we, whom are you referring to? 

STEWART:  The United States in this case. 

COHEN:  I see.  Not people just at Caltech. 
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STEWART:  Yes.  But Caltech was an essential part of it.  And we did the wind tunnel testing on 

it. 

COHEN:  I see.  So people in aeronautics like you. 

STEWART:  Yes.  One of our young fellows who had just gotten his engineering degree the year 

before and gone over to North American, he was one of their aerodynamicists put on this special 

design job. 

COHEN:  So he came back just to work on that project. 

STEWART:  We saw him every time we had a wind tunnel test on the P-51.  He was there.  And 

incidentally, one of the first tests was very interesting because jet engines later became 

important. There were theoretical papers on jet engines before that.  The design of what later was 

called a ramjet had been done theoretically, but it was kind of hard to believe.  I remember a 

seminar in 1936 when some of that early work was being discussed.  You could see the numbers 

and you could believe the numbers, but it was still hard to believe that it actually would work.  

Well, when we put the P-51 in the wind tunnel, one of the things that was set up with it was a 

special radiator drag investigation because it was a water-cooled engine.  Radiator drag was 

always an important thing with water-cooled engines.  The people at North American decided 

that if they design it with these ramjet principles in mind, maybe the drag won’t be so bad.  To 

test it in the GALCIT wind tunnel, we had this radiator installation and we had an electric heater 

inside the radiator to simulate the heat input.  By golly, when we turned the electricity on, the 

drag went down.  So that was one of the things that made it a good long-range fighter.  It had a 

better radiator design than any of the others.  [Laughter] 

COHEN:  Oh, that’s interesting. 

STEWART:  Well, all sorts of things like this went on.  And Caltech people in general had a very 

wide involvement.  There were an awful lot of people with an awful lot of interest and 

interactions on the national scale, particularly in terms of wartime military intelligence activities. 
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COHEN:  But then after the war, when the [aerospace] industry really got established here.  

Maybe you want to talk about that a little bit, too. 

STEWART:  Yes, but the big change happened during the war, of course.  Before the war, the 

[airline] industry was really amateur—it had a little support with postal subsidies which 

permitted it to carry passengers—but the DC-3 changed that. 

 The earliest analysis of jet engines was done by a Frenchman, Maurice Roi, in 1918.  It 

was published in this country by the NACA.  As I recall, it was one of the early reports in their 

very first NACA report volume of 1918.  And Roi did a magnificent analysis there.  Even his 

metallurgy guesses were pretty good as to what you might do with high temperature metals.  

Unfortunately, as he finished up his discussion, he said, well, it looks as though this kind of a 

system is of interest, but probably not much interest unless you want to go faster than 350 mph.  

Well, in 1918, 350 mph sounded utterly ridiculous.  What he did was almost completely 

forgotten.  But when we started re-doing the jet during the war…  In fact, we had a special class 

in aeronautics which was only for military students, where we taught them about jet engines of 

all kinds.  By that time, the fighters were up to 350 mph and the question was, what are you 

going to do to get beyond that?  So it suddenly was no longer theoretical.  Suddenly it was real. 

 Well, this thing of theoretical problems turning real, let me tell about two or three other 

instances.  The first one that I recall was in 1932. 

COHEN:  Now, was this done at Caltech? 

STEWART:  No.  No, this wasn’t.  This was done primarily in England by the British.  I think the 

DH Moth was the name of the little airplane.  It had had a series of accidents in the previous 

year. Suddenly they realized that these accidents had a common cause.  It was the phenomenon 

of wing flutter, where if the wings were not designed stiff enough and you flew too fast, they 

could be unstable.  If some disturbance caused a small oscillation, the oscillation would grow in 

amplitude until it would just tear the wing off.  That had been thought just an academic curiosity 

before then, but suddenly, in about a year’s time, it turned into a real problem, important all over 

the world.  So that was the first problem I recall of this sort. 

 The second one happened in 1938.  I mentioned that we’d done the early work on the P-

38—classified work in the wind tunnel on its design.  In one of the very earliest flight tests, out 
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of March Field and over towards Palm Springs, the pilot dived it.  The speed went up and up and 

up. Finally, he decided to pull out and found he wasn’t strong enough to pull out.  He hollered 

and yelled on the radio all the way until he crashed.  Killed, hit at darn near 400 mph.  It didn’t 

take very long before suddenly people realized that this was a compressibility effect.  Now, the 

previous year, I’d taken Harry Bateman’s course in compressible fluids.  And that was, at that 

time, considered a very esoteric subject.  [Laughter]  But suddenly, that was real. 

 In another year’s time, by 1939, Kármán got Hans Liepmann here.  Kármán wanted 

Liepmann to pick up and start working on compressible flow problems.  In 1940, he got Allen 

Puckett here from Harvard.  Puckett came in because Kármán felt that the army, not only the air 

corps but also the army ordnance, needed to have a good wind tunnel so they could understand 

what their ballistic missiles were doing.  It was Puckett’s task to develop a practical design for 

the supersonic wind tunnel.  So that was an enormous change. 

 A key first step in upgrading the aeronautical design practice to handle the flutter 

problem came from GALCIT in 1934.  If you look back at [Ernest] Sechler’s thesis, it involved 

the buckling strength of thin sheet structures which were reinforced with ribs and stringers.  

Airplane wings, by the time of the DC-3, were largely designed that way.  The fuselages were 

also designed that way.  One of the problems was that the basic theoretical analysis had been 

developed by [Stepan] Timoshenko and others, but the experiments didn’t agree with it very 

well. So what Sechler did was to put it together.  He did enough testing and got enough data so 

that you could understand why the simpler theoretical analysis was incomplete.  It was this 

structural development that made the DC-3 and the previous DC-2, the Boeing 247 and the 

Northrop Delta. In fact I think Northrop was probably the first plane to actually be built using 

Sechler’s ideas.  But this was so much better that it made aluminum the structural material for 

airplanes. 

COHEN:  So it was directly out of Sechler’s thesis? 

STEWART:  Quite directly.  One or two other people worked on it, including Kármán of course.  It 

was Sechler that made the engineering of a high quality.  So that you could use these things and 

understand what you were doing. 

 I remember many times sitting in a DC-3 as we were flying along in rough weather.  I’d 
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sit and look out the window, and I would see little waves running out the wing and running in the 

wing as the wing was flexing.  [Laughter] 

COHEN:  Makes me nervous. 

STEWART:  Well, modern planes are bigger and the panels have thicker metal.  You don’t see the 

waves anymore.  [Laughter]  I miss them.  Well, that was an intermediate big change. 

 The next big change, and almost the last one in this story I want to tell, happened during 

the war.  Our intelligence was good, we knew what was going on in Germany—we knew about 

the V-2.  Charlie Lauritsen was head of the team that went over to Sweden to examine the V-2 

wreckage.  I’d done a bit of military intelligence the same way.  A German was picked up who 

had done work on one of their guided missile projects.  They brought him over to the United 

States and I was called in to help with the debriefing process—to find out what he knew and 

what was going on.  I think I have mentioned that Louis Dunn and I had done the debriefing for 

Ernst Stuhlinger and Von Braun.  Von Braun was not a highly educated engineer, but he was a 

good manager.  Ernst was, you might say, his prime technical assistant. 

COHEN:  And they both went to work here? 

STEWART:  Yes, they both came over at the same time.  The army brought them over and put 

them in the hospital at Fort Bliss as a holding station for them.  And Louis Dunn and I went 

down and spent a week with them. 

COHEN:  Now, did they speak English or did you speak German? 

STEWART:  Louis spoke better German than I did.  My German was very bad.  I could read it 

moderately well, but I never learned their vowel sounds. 

COHEN:  Did you understand spoken German? 

STEWART:  A little bit.  But they knew Pidgin English too. 
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COHEN:  You didn’t have an interpreter? 

STEWART:  Their Pidgin English was better than our pidgin German. 

COHEN:  Were they forthcoming? 

STEWART:  Yes, they wanted to come here. 

COHEN:  So they wanted to cooperate? 

STEWART:  Yes.  What we found was that our understanding of the V-2 was pretty good.  The 

problem with the V-2, from a military standpoint, was that it had been a sad waste of funds for 

the Germans.  What they had done was to learn how to make a big rocket engine.  Then they 

made a rocket to go with it.  But their engineering processes were not very good at all.  For 

example, it took them 700 flights before they had an auto pilot that wouldn’t destroy the missile. 

They had a guidance system on top of the auto pilot in order to get a little more accuracy.  But 

the first guidance missile test flight was the one that went off to Sweden.  After a second flight 

which also ended up a failure, they simply gave up the guidance system.  They didn’t even try it. 

COHEN:  Well, they managed to get plenty of missiles to London. 

STEWART:  Yes, they did.  But London was about the smallest size target they could hit, and the 

missiles were more dangerous in the launching area than in the target area.  The effort they put 

into this project was tremendous.  That was one of the things that we did worry about.  We 

wanted to get a better feeling for the overall effort.  It was like ten or twenty times what the 

British and ourselves together had done on all the jet propulsion projects.  They put in a 

tremendous effort and got very little out of it.  It scared the people a lot, but they never hit their 

targets.  All the flights to London were aimed at the big power station on the Thames.  They 

never hit it once, not out of all those thousands—more than two thousand. 

COHEN:  Unfortunately, they hit a lot of people. 
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STEWART:  Oh, well, yes, of course.  But after all, the British people still remembered Ypres in 

the First World War when the casualties were much, much worse.  That was something we didn’t 

understand very well.  You must keep things in an overall context.  While the V-2 put a little 

over 1,000 tons of HE [high explosive] into London, there were many nights when our bombers 

put 10,000 tons of HE into German cities. 

COHEN:  So another big change is— 

STEWART:  Yes, the understanding was that a heck of a lot of engineering had to be done to make 

guided missiles that worked.  Well, it had come to us in the military during the war, a couple of 

years before the interview with Von Braun.  That was really the reason why the Jet Propulsion 

Laboratory was set up.  It was set up with the army, and Caltech felt it had to be separate from 

the Aeronautics Department because it involved chemistry, metallurgy, and especially 

electronics and guidance instruments.  The conclusion was that it had to be set up as a separate 

agency, an agency associated with Caltech but not part of any one department.  Now of course, 

the people in Washington who recognized this need were in the circles of Robert Millikan, Clark 

Millikan and the NSF [National Science Foundation] people.  Kármán also, although his interest 

was more through the military end of the communication link.  You see, by 1943 Kármán had 

already taken his leave of absence and was gone.  He never came back really, although he did 

visit us several times over the years. 

COHEN:  But he was on leave all those years? 

STEWART:  Yes.  By 1942, he decided he just wasn’t going to get around so he formally took 

leave. He was a special assistant to the air force—the air corps in those days.  Now they did set 

up another project just like JPL.  It was the Bumblebee Project at Johns Hopkins which was set 

up under the navy leadership as part of the same deal.  The decision was made to look at things 

in a more comprehensive manner in order to find out why it was that from the first guided 

missile attempts back in 1919, all through the war, none of them had really worked. 

COHEN:  Now that is interesting because in those days military projects were set up with 

universities in mind.  And all of a sudden, in the 1970s, we have the national laboratories with no 
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affiliation. 

STEWART:  Well, I think we have a lot of socialist trends going on in this country.  The Russians 

have learned after seventy years that it’s a bad way to go, but I’m not sure the Americans have.  

[Laughter]  

COHEN:  You do not think the establishment of the national laboratories was a good idea? 

STEWART:  Well, I think when they kept JPL, Caltech was associated with it.  Cal Berkeley 

associated through Los Alamos and Lawrence Lab.  One of the worst things that happened to 

MIT was when some of the MIT staff essentially chased Draper out.  MIT never was as 

significant after that as it was before.  So I think all these things that isolate the universities, that 

make them more pure, may have been fine for some of the professors in the universities, but it 

was very bad for the national interest.  I think it was good for the students when the professors 

knew what was going on.  When they’re reading the newspapers they are more apt to say 

something that’s meaningful than just the logic that was formally validated 300 years ago. 

COHEN:  Yes, that is certainly true.  It has been in aeronautics and engineering where people 

spent a fair amount of their time doing consulting.  And it was encouraged in some sense. 

STEWART:  Yes, well, it’s always been encouraged.  The formal rules here were that you were 

encouraged to do up to one day a week of consulting, provided it was of a professional quality 

and not just drafting work for somebody.  That kind of a rule is not uncommon in academia.  

That was the rule up at Berkeley.  Now it’s true that a lot of Berkeley professors violated this 

rule and put a lot more time than that into their consulting work, so it became a kind of a scandal 

up there. But that was because the professors violated it, not because the principle was bad.  

Well, I’ve never known anyone here to really violate it, although during the war, you remember I 

told you that Kármán was gone full time for two years before they finally gave up and 

recognized reality. 

COHEN:  Yes, those were extraordinary times. 
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STEWART:  Now, I spent maybe as much as a tenth of my time on government interactions of one 

sort or another. 

COHEN:  Was that mainly advice to the government? 

STEWART:  Yes, trying to help some government office that needed highly specialized help. 

COHEN:  Could you think of one particular instance just to give an example of this sort of thing 

you are talking about? 

STEWART:  Well, there was one that I spent the most effort on.  Did I ever tell you about the 

Senate Preparedness Investigating Subcommittee?  I don’t think that’s in my other memoirs. 

COHEN:  That’s a good representative— 

STEWART:  It’s a good representative one.  There was a big problem that came up in the mid-

1950s and broke into the press with the first Russian satellite launching.  This was called the 

missile gap problem.  Now, it was true that there was a gap.  It was revived again in the 1960s 

with Kennedy, but that was just because they were trying to dig up something that was a 

democratic scandal. 

 The scandal was back in the Truman days.  In fact I was one of the first people to get hit 

by it.  At JPL at the end of the war, 1945, 1946, and 1947, my group had a little contract.  It was 

called JPL 8.  We wrote a series of reports.  What we were doing was examining the 

requirements for ICBMs [Intercontinental Ballistic Missiles] and satellite launchings for the 

navy.  It was really satellite launchings, but of course the two were the same.  So we were also 

doing ICBM launchings.  As a matter of fact, at the end of the war, the army had their big 

conference at Fort Benning.  Eisenhower was a visitor for the evening cocktail hour.  The next 

day, every four-star general in the army was there.  As part of the program for that first day I was 

asked to give a lecture on guided missiles and what they were going to do to the future of 

weaponry.  Clark Millikan had been asked to do it first at Fort Sill.  He asked me to take it over 

for him because he had other things to do.  So I’d done it.  And then, when the follow-up at 

Benning came, Clark asked me to do it again.  So I gave them a lecture and told them about the 
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state of affairs and talked about surface-to-air missiles and surface-to-surface missiles—ICBMs.  

I even ended up with a little bit about flight to Venus. 

 So everybody was busy thinking in these terms.  Now the real problem of missiles, of 

course, was that guided missiles didn’t work.  That’s why JPL and the Bumblebee Project had 

been set up.  They were to try to find out what you had to do in order to make these damn things 

work.  Well, we were pretty sure we knew what the problems were.  It was just that it was a 

much more complex interaction problem than a standard airplane, even a military airplane.  You 

had to learn all the interactions.  You had to understand the interaction of the flutter problem on 

the guidance problem.  [Laughter]  So we set out with the objective in mind, to find out why the 

projects were not successful.  The high tech idea had originated in two quite different lines of 

endeavor.  One was in the airplane business where you sort of dated it back to Felix Klein who 

visited the 1892 Exposition from Germany and then went back to Germany.  He said after what 

he saw in the United States, with all its resources, that by golly, by the time we grew up and had 

filled out our land a bit, why Europe was going to get smashed in the competition unless they did 

better.  So his question was, how can we do better?  He thought we can do better by putting more 

science into industry.  This was the source of getting an aeronautical department where [Ludwig] 

Prandtl was.  I saw Prandtl before he died.  Just once in 1938, he visited the United States.  I met 

him at Harvard.  Of course Kármán went through that in his education period.  He was in a sense 

Prandtl’s prodigy.  This idea was floating around in aeronautics in all kinds of ways.  The whole 

NACA was an example of this.  There were half a dozen universities that were trying to make 

the conversion.  But the 1930s was when that conversion started actually working. 

COHEN:  Let’s get back to your briefing at Fort Benning. 

STEWART:  Well, the briefing went off fine, but two years later, the navy suddenly cancelled our 

contract.  Well, what had happened, and this was too bad, was that Truman’s strongest 

interaction in scientific and engineering affairs was with Vannevar Bush.  I remember Clark 

Millikan working in those circles.  He and Vannevar Bush were together quite often.  I remember 

having lunch with them several times after the war.  Van Bush was convinced that these 

complicated things like ICBMs and satellites were just never going to happen.  Just too many 

things.  Here was a man who was exposed to the best possible quality of information that you 
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can carry across the continent and was acquainted with the people who were intimately involved 

with what was going on, like Clark Millikan.  Still he didn’t understand it.  The first Corporal, 

the first thing that JPL flew which simulated a full missile configuration except that it didn’t 

have an active warhead in it, we launched at White Sands.  My duty in that launching was range 

safety officer.  I sat there with my hand on the little throttle that could maneuver the airplane by 

the command circuits that were involved in the guidance system, and I could push the destroy 

button.  I had nightmares about that.  I remember a nightmare where this thing was falling, 

flaming out of the sky onto the city of Las Cruces down below.  Well, anyway when it came time 

to fly it, why it went beautifully.  It took off.  It went through the speed of sound so smoothly 

there wasn’t even a wiggle in the telemetry trace.  And it went up.  Its maximum altitude was 

110,000 or 120,000 feet.  As it was coming in at about Mach 3, at about 100,000 feet, I 

maneuvered it a little to the right, a little to the left, so that we could check out our maneuver 

calculations.  It came on in and hit the ground and made a big hole in the ground, even with no 

warhead.  Just the residual fuel in the tanks made quite an explosion.  Well, when we got the 

ground crew out there to check the coordinates, it was quite a bit further from the desired impact 

point than what we thought it was, based on the guidance information.  It took us four years 

before we could really prove it.  The problem was that our guidance system was ten times as 

accurate as the mapping system.  And that had been only one problem in these long-range 

missiles all this time.  The maps were not good enough to use the guidance system.  It is 

interesting to note that the key element in the Corporal’s accuracy was the use of the SCR-584.  

The fire control system was developed at MIT during the war by DuBridge’s Rad Lab. 

COHEN:  So anyway, they cancelled your contract. 

STEWART:  Yes, but that was only part of the difficulty.  At that time, the military intelligence 

rules said that they didn’t bother the president about intelligence unless there was unanimity 

among the agencies responsible for that area.  They didn’t want to get involved in inter-agency 

squabbles and so on.  Unfortunately, the State Department people simply refused to believe all of 

our military intelligence.  So the president never heard of this, but he did hear Van Bush’s stories 

about how these things were never going to happen.  Now Stu [Stuart] Symington—who became 

a senator from Missouri in 1950, by which time our information was essentially quite complete 
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on the Russians—was Secretary of the Air Force.  He tried his best to get this information to the 

president.  As a matter of fact, during that time I was a member of the Scientific Advisory Board, 

and under Symington’s leadership I helped Rand to set up a little office in the Pentagon where 

they could start doing things to prepare for the fact that sooner or later, they were going to have 

to do something about this.  So Symington had done everything he could.  By the time this 

scandal broke out, after the first Russian satellite flew, Stu Symington was a senator.  If you 

wanted a scapegoat, why Symington was the logical man, but it would have been very unjust  

[Laughter]  because he’d done his best.  It was those stupid rules. 

COHEN:  So is that when you went to the senate committees and the State Department? 

STEWART:  Yes.  As a matter of fact, I got this message from Lyndon Johnson’s office.  They 

wanted me to sign on for part-time work with this special Senate Investigating Subcommittee.  In 

the latter part of 1957 and in 1958 was when the hearings went on.  In a later phase when I took 

two years off and went to NASA I was one of the people being interviewed.  But I must say that 

it’s much more comfortable sitting on the side with the senators than it is sitting on the other 

side. 

COHEN:  Okay, so that’s a good example of your going and testifying to Congress.  How much of 

your time did you spend doing that?  Was that your one day a week? 

STEWART:  That was one day a week for a good part of that year. 

COHEN:  One doesn’t get rich on that, though. 

STEWART:  Oh no, especially if it’s the government. 

COHEN:  Right.  But that’s a very good example of the sort of thing that took up a lot of your 

time. 

STEWART:  Lyndon Johnson did that absolutely honorably.  He invited me in.  The first day I was 

there, I was invited to lunch.  He and Stiles Bridges, who was the senior Republican member on 
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the committee, had lunch with [William V.] Houston and me.  Do you remember Professor 

Houston who later on was at Rice University?  Well, Houston was a physics professor here who 

became president of Rice.  Anyway, Houston was also going to do some consulting for them.  So 

the two of us were there at lunch with the senators.  And both of the senators swore up and down 

that they weren’t looking for skeletons in the closet, they weren’t looking for scapegoats.  They 

wanted to do something for the republic, and they did.  Frequently it got a bit nervous and you 

would sometimes see Stu Symington over on the side, pacing up and down.  But everybody on 

the committee, Republican and Democrat alike, leaned over backwards to avoid doing anything 

that would louse us all up with this ancient history. 

COHEN:  They just let it go. 

STEWART:  Of course, yes.  And it was sad.  During the war we had an army and we had a navy, 

and we had research projects on both.  One of the agencies set up during the war was the Joint 

Research and Development Board—JRDB—which helped to form the JPL and Bumblebee 

Projects.  Clark Millikan had things doing with them all the time.  As a matter of fact, I 

remember when we were setting up White Sands, I was in Washington on something else, and 

Clark asked me to join him.  We flew west and stopped at Biggs Field in El Paso, got on a little 

airplane, flew up around and through the Tularosa Valley, and looked at these beautiful 

mountains there.  They had decided quite properly that the tech area should be down at the 

bottom of the valley.  We chose a site up at the foot of the Oregon Mountains to be the site for 

the camp and the living quarters.  And we went back to El Paso.  That noon, Clark went over to 

the army—the big military base there, where the Artillery Board 4 was meeting that day.  Clark 

gave this report on the site at White Sands.  So I always had a paternal feeling when I went out to 

White Sands.  After the meeting, Clark and I went over to Juarez and had dinner and saw a 

bullfight—my first bullfight. 

COHEN:  So that’s a good example of interaction. 

STEWART:  Yes.  And that continued, you see. 

COHEN:  Up until when? 
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STEWART:  Well, the JRDB continued after the war until the reorganization of the Defense 

Department, at which time it was changed to the RDB and was put under the Secretary of 

Defense.  Clark had dealings with this group all through the years.  As a matter of fact, for a time 

he was chairman of the Guided Missile Committee. 

 Now one of the things that the Guided Missile Committee obviously needed was 

intelligence.  And they did one thing.  Now I’m going to extrapolate.  This I don’t know to be the 

truth.  This was my conclusion afterwards.  But in 1946 or 1947, the air force, air corps at that 

time, gave JPL a small contract to go around on all of their guided missile contracts and do what 

you might call a technical audit, and make a report.  This was in conjunction with their 

RDB/JRDB needs.  Well, there were two outcomes, one, indirect to me, but one very direct.  The 

indirect one was that the Guided Missile Committee where Clark Millikan and Pat Hyland—

from Hughes, he was chairman for a time—well, they set up this group called the Technical 

Evaluation Group.  And in, oh, 1948 or 1949, I was asked to be a member.  Later on, I was the 

chairman for a year.  So that was one way it happened. 

 There was another thing which I think was part of this same packet, though no one ever 

told me so.  Just after we finished this technical audit for the air corps, the air corps asked me to 

participate in a special top secret intelligence experiment, which wouldn’t require my travelling 

or anything, except back to Wright Field maybe.  I did that a couple of times.  Mostly the idea 

was to try to expose somebody who was at the forefront of the business to technical intelligence 

in its most crude form, without requiring them to go overseas and sneak around through back 

alleys. 

COHEN:  Now this was all the Russian stuff that you were analyzing? 

STEWART:  Yes.  And of course I knew what the Russians had done with the Germans that they’d 

taken in there, how they’d insulated them from their real projects.  So the Germans had no idea 

what was going on.  But we also knew what was going on with the Russians.  We knew about 

their big engine contract.  We knew that they had a five engine configuration they were working 

with—and that’s what they finally flew, you know.  So by 1948, the basic information was all 

here. What wasn’t all here was their progress towards achieving the result.  That came along 

gradually later.  But even by 1948, we knew that.  And of course Van Bush had all that kind of 
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information available to him, in his position, but still he just couldn’t bring himself to believe it. 

COHEN:  Pity. 

STEWART:  Yes.  A shame. 

COHEN:  So that’s very interesting. 

STEWART:  That’s the most dramatic story of this sort. 

COHEN:  Now your years of dealing with these members of industry, you haven’t said anything 

about that.  I was going to ask you about a few of these people.  I have here [Howard] McCoy, 

[Maurice A.] Biot, [Fritz] Zwicky.  Would you care to say something about some of these 

people? 

STEWART:  Sure. 

COHEN:  Okay.  Why don’t we start with Biot. 

STEWART:  Well, Maurice Biot was a student here at Caltech ahead of me. 

COHEN:  Was he a Frenchman or was he an American? 

STEWART:  He was Belgian-born, but he’d come to the United States and had become an 

American citizen. 

COHEN:  So he was an American. 

STEWART:  So he was an American.  But part of his story which I can’t leave out is that, while he 

was growing up in Belgium, he’d done his military duty and was put on a reserve listing.  When 

the Germans attacked, they called him up for service, although he was an American citizen.  

When he didn’t report, he was listed as a deserter.  So he felt bad about that.  Mostly, he hated 

the Germans for making it happen, but he also hated the Germans because of what they’d done to 
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his family.  Biot spent the war as a naval officer.  After Caltech here, he went back to Columbia. 

COHEN:  So he got his Ph.D. 

STEWART:  He got his PhD here at Caltech.  And he did a lot of work; he was Kármán’s primary 

assistant on the production of the book, Mathematical Methods in Engineering.  Then he went 

back to Columbia.  I should say he spent the war years as a naval officer in technical areas.  In 

that connection, he went to Paris towards the end of the war with the tech intelligence teams that 

they were organizing.  On the particular team that he was responsible for was a non-military 

technical assistant who was Fritz Zwicky. 

COHEN:  Oh, that’s this Zwicky. 

STEWART:  Fritz Zwicky of Caltech, professor of physics.  Yes.  He’s the only physics professor 

whose course I never took.  And the reason I didn’t was that I had so many night hours on the 

wind tunnel.  And Fritz Zwicky always gave his class at eight o’clock in the morning, and 

frequently I hadn’t got to sleep before three o’clock.  [Laughter]  So I never signed up for Fritz’s 

class, although I must say I’ve got Whittaker’s Dynamics over there.  I read the book anyway. 

COHEN:  Okay.  Good enough.  So let’s come back to Biot.  He was a naval officer after the war? 

STEWART:  No, during the war.  He was in Paris as I say, operating like Clark Millikan as part of 

a naval intelligence team.  We knew that the German V-2 people had moved their wind tunnels 

and a number of their operations a year earlier from the exposed area of Peenemünde, north of 

Berlin, down to the south of Germany to the little lake called the Kochelsee.  We knew their 

wind tunnel activities for example had all been moved down there.  So Biot’s assignment at this 

time was to get down to Kochelsee before our GIs had destroyed everything of interest—which 

unfortunately happened at Aachen; there was a lot of interesting lab equipment that just broke 

up. Although the sign on what had been Kármán’s office at Aachen still said “Th. von Kármán.”  

[Laughter]  That was still there.  Anyway, Biot’s orders were to get to Kochelsee in time to 

recover some things.  The battle line was about, oh, fifty miles or so from Kochel.  Biot went out 

in his nice navy uniform with his civilian assistant, Professor Zwicky, commandeered an army 
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tank company, went roaring through the battle lines and captured Kochel.  [Laughter]  Zwicky 

was a pretty formidable fellow—probably at least as formidable as the SS troopers.  They lined 

up all the German people at the lab, and Fritz walked down the line.  In front of the fattest senior 

he pushed a gun in his middle and, in thirty seconds, he had them all broken down and they were 

hustling in all directions, recovering all the stuff they’d been hiding. 

COHEN:  Where did Biot go after the war? 

STEWART:  He was already at Columbia before the war. 

COHEN:  I see.  He stayed there? 

STEWART:  Yes, he went back to Columbia. 

COHEN:  Did he have anything else to do with Caltech after that? 

STEWART:  Nothing directly, although we had personal communications occasionally—rarely, 

but occasionally.  His main business was at Columbia after that. 

COHEN:  He was a professor of aeronautics there? 

STEWART:  Yes.  He had a distinguished career.  But I always thought his military career was the 

most interesting one. 

COHEN:  Now who was this McCoy you have here? 

STEWART:  Howard McCoy.  Well, McCoy was one of those bright young officers that the air 

corps sent to us in the days before we were in World War II.  Now McCoy was here in 1941 or 

1940.  I think he came here in 1938, and he got two years of graduate work.  He had courses in 

aeronautics, and I think he was probably in the first special courses in jet propulsion.  Afterwards 

he went back to Wright Field and had a distinguished career.  In the last year of the war—this 

would be probably in the fall of 1944—the Russians had pushed in through a good part of 
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Poland.  Now in the last development phase of the V-2, the Germans at Peenemünde had decided 

they really needed to have some tests on warhead effectiveness.  In order to do this, they adopted 

a very simple test procedure.  Instead of firing west against normal shorter range targets as they 

normally had, they fired them into Polish villages.  Then they could go in and see what had 

happened.  Well, now the Russian battle line had overridden the area in Poland where they had 

set up a little headquarters to handle this operation.  Somebody made the decision that we should 

send a mission in there to see if they had abandoned any records, papers and so on, to see what 

we could find. 

 Now we were very leery of this because of course the Russians have a very primitive 

sense of lots of things, you know, the ancient aristocratic principle of winner take all.  As far as 

they were concerned, prisoners are slaves and slaves are slaves.  So when they overran a German 

prison camp with our people in it, why they just incorporated our people into the slave content.  

Some of them we recovered and some of them we didn’t, you know.  And here we were asking a 

crew of our people to go back into Russian-controlled territory. 

 Of course this whole business is part of the story of why this MIA [Missing in Action] 

thing has been such a problem ever since.  As a matter of fact, the brother of one of my friends 

died in a Siberian gulag.  He was one of our officers who wasn’t returned at the end of the 

Korean War.  The night the Korean War ended General Vandenburg said on the radio that of the 

officers that were known to have been alive and well in prison camps a few months earlier, 

precisely half of them had been returned.  So the other half—well, as I say, I heard about one.  In 

those days, the CIA [Central Intelligence Agency] could operate on the ground, so they did.  

They did get some information of course.  We haven’t had that capacity for twenty or thirty years 

now, since the senators started exposing all the names they could. 

 At any rate, everybody was kind of leery about sending anybody in there at all, but they 

finally decided to do it.  McCoy was given command of the operation, and the Russians gave us 

permission to go in.  We flew a crew into the area, let them off, and our planes came back out.  

Then the only question was, could we get back in to get them out?  Well, they started their work. 

The first thing they found out was that there really weren’t many records.  Part of the basic 

problem was that the Germans were short of toilet paper, so that they used all their old records 

for toilet paper.  All these old records that they were supposed to examine were at the bottom of 

the slit trenches, the latrines. 
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COHEN:  Maybe that’s all they were worth. 

STEWART:  It turned out that was all they were worth.  There was no useful information there, 

which is too bad.  But the interesting thing was that we did fly the whole crew out.  Everybody 

got flown out through the southern route in degrees. 

COHEN:  Well, do you think there’s anybody else? 

STEWART:  Well, there was one name that I mentioned today that you ought to think about, and 

that was Allen Puckett. 

COHEN:  Puckett.  Have you mentioned him in your original— 

STEWART:  No, but I mentioned him today.  Puckett was brought by Kármán as a student.  Bill 

Bollay had set up the aeronautics group back at Harvard and Allen Puckett got a master’s degree 

under Bollay there.  Then Kármán got Allen to come out here to do graduate work because 

Kármán needed somebody to take over development of a supersonic wind tunnel.  Bill Bollay’s 

brother Gene also went through Caltech and was a meteorologist and was one of my students.  

So there were Bollay connections.  Well, Allen Puckett carried out the design work for the 

Aberdeen wind tunnel which was the general project that Kármán was pushing.  He did this by 

setting up a small supersonic wind tunnel about ten square inches across with adjustable shapes 

so that you could get the flow you wanted.  You could make the measurements and decide how 

to design the big one.  That was Allen’s main job when he came here, and he carried that out.  

Coincidentally, at the same time, von Kármán had decided that [Hans] Liepmann should pick up 

the compressible fluid business.  The two of them—Liepmann and Puckett—put together one of 

the first very good books on the subject which came out as a GALCIT series.  I suppose you’re 

familiar with that. 

 Incidentally, I had a great problem with that because when I learned compressible fluids, 

I learned it with the old English tradition where the Laplace transform operator is a P and not an 

S, which is the way all of communications people talk it.  Also the method of characteristics, 

well, I had to learn, that was a newfangled word. 

 But the big problem about the guided missiles was that you’re combining the electronics 
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people and the aeronautical people.  I talked about Prandtl and so on, but I forgot to mention that 

the other group was the electronics group.  In my mind, it sort of started out with the information 

theory in communications, and in practice was best represented by the people at MIT.  And of 

course, that’s the sort of thing that DuBridge was much involved with.  But the main center of 

this in my mind in those days was at the Bell Labs.  And these two cultures had never had any 

important cross-communication.  They’d grown up quite independently from the primitive 

handcrafted worker stage to suddenly working on a basis where scientific principles were not 

only followed but were even respected. 

COHEN:  So it’s a matter of putting together these different people. 

STEWART:  Yes and that was the main problem.  When we did put them together, things did 

work, but you see the Germans hadn’t recognized it, so their things didn’t work. 

COHEN:  Well, I mean that’s supposed to be the strength of Caltech.  It’s a small place where 

people talk to each other. 

STEWART:  Yes and it’s been a wonderful place to live. 
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APPENDIX 
 
 

The following is Homer J. Stewart’s list of professional affiliations in chronological order, from 
1936 through 1979. 
 
 
 
1936  Durand Committee, U.S. Congress, on Macon and Akron accidents. 
 
1940  Work for S. Morgan Smith Company on Smith-Putnam wind turbine. 
 
1942  National Research Council, work on torpedo problems. 
 
1944-45 Technical intelligence work for Army Ordnance, including debriefing of 
  Wernher von Braun and Ernst Stuhlinger (with Louis Dunn). 
 
1947-49 Technical intelligence work for Air Force through the Jet Propulsion 
  Laboratory [JPL]. 
 
1948-51 Research and Development Board (of the Armed Services), Guided Missile 
  Committee; served as chairman of Technical Evaluation Group (1951). 
 
1949-53 Member, U.S. Air Force Scientific Advisory Board; second term of service, 
  1961-65. 
 
1955  Chairman, Office of the Secretary of Defense, Advisory Group on Special 
  Capabilities. 
 
1957  Consultant, Senate Preparedness Investigation Subcommittee. 
 
1958  Consultant, Advanced Research Projects Agency [ARPA]. 
 
1958-60 Director, Office of Program Planning and Evaluation, National Aeronautics 
  and Space Administration [NASA] (Two-year leave of absence from Caltech). 
 
1965-77 Member, Army Scientific Advisory Committee, Ballistics Research Laboratory 
  [BRL, Aberdeen, MD] 
 
1965-79 Member, Board of Directors, Sargent Industries, Inc.  

 


