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Abstract 
 
 
Schwarzschild describes his early training in automatic computing when he assumed the position of director of the 
Watson Scientific Computation Laboratory at Columbia University upon the resignation of Wallace Eckert.  
Schwarzschild describes the computational research he did there on stellar models using advanced IBM tabulating 
equipment.  He next turns to his experience during world war II at Aberdeen Proving Grounds as an enlisted member 
of the army working on bomb blasts, and mentions work of R. H. Kent, L. Dederick, IBM personnel, John von 
Neumann, and other scientific consultants on the design of new automatic calculating equipment for the laboratories. 
 Schwarzschild answers questions about the relationship between Kent and von Neumann.  His final topic is the work 
during the 1950s he undertook on stellar interiors using the Institute for Advanced Study computer.  He describes his 
experiences trying to use the computer for large scientific purposes, and recalls the reception of his computational 
research by the professional astronomy journals. 
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MARTIN SCHWARZSCHILD INTERVIEW  
DATE:  18 November 1986  INTERVIEWER:  William Aspray 

LOCATION:  Princeton, NJ 

 

ASPRAY:  This is an interview on the 18th of November, 1986 with Martin Schwarzschild in his office at Princeton 

University.  The interviewer is William Aspray of the Charles Babbage Institute.  Let's begin by talking about your 

contacts with von Neumann during the second world war.  Why don't you begin by telling us about your duties 

during the war and how you got involved in the war effort, moving quickly onto the time at Aberdeen? 

 

SCHWARZSCHILD:  How I got into the Army was simple.  I was not yet a citizen, but I felt very strongly that I 

wanted to participate in the world war because I had been removed from Germany by the Nazis.  I did not want to sit 

the war out, and the only way of participating in the war for me as an enemy alien was to join the Army .  So that's the 

reason why I was in uniform.  In the Army I was used, as a whole I think, very efficiently.  At one point, in January 

1943 in January approximately, I was ordered to go to the Ballistics Research Laboratory at Aberdeen to act as one of 

the enlisted men there.  At that time, I think, von Neumann either was not yet a consultant or in any case had not yet 

been effectively involved in the computing efforts.  The computing efforts there were primarily just trajectory 

computations.  Even though I was only an enlisted man I was involved quite a bit in conversations with engineers 

(building old-fashioned electrical computers and beginning to build electronic computers) as to what the machine 

should be able to do.  These conversations were without von Neumann, and I remember extremely well we had 

incredible struggles trying to formulate what we wanted.  Even with days of arguing and thinking none of us could 

really figure out how one should exactly tell the engineers what we want.  I remember one very lively session with a 

group of IBM engineers, including what I think were really their very best, getting exactly nowhere and we all knew 

that we were getting nowhere.  And finally, towards the end of the day, the head IBM engineer somewhat angrily 

said, "Gentlemen, can't you give us the biggest equation that you'd ever want to solve on a computer and then all the 

subequations that fit into it, and we'll build you a machine that can solve that equation."  We all knew that was not 

answering the basic realm of needs that we had.  But we could not put it in a precise form.  So my impression was that 

the engineers tried very hard in some big sense to improve the capabilities of the computers.  And that wasn't just the 
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question of speed and digits.  Even the concept of memory was still very, very vague in those days -- at least memory 

for numbers.  So my total impression from that half year, the first half of 1943, was that we were all groping.  As at 

other places I presume, whoever just happened to be in Aberdeen and the firms that were connected with Aberdeen, 

were all feeling that there ought to be a systematic way of looking at it, but none of us knew how.   

 

ASPRAY:  Before we go on, let me ask you a few questions about this.  Who were some of the other people that were 

in your group? 

 

SCHWARZSCHILD:  My memory is terribly poor and therefore I have very grave difficulties remembering precisely.  

The head civilian, a ballistician of the Army, was Robert Kent.   

 

ASPRAY:  Ah, yes.  R. H. Kent. 

 

SCHWARZSCHILD:  R. H. Kent, right.  He was extremely bright and extremely wise and a very lively fellow.  He was 

terribly nice to me, but he also got me into all sorts of difficulties because he loved to play the civilian against the 

military and put people in difficulties with each other for amusement.  For enlisted men like me it made occasional 

difficulties.  But he was extremely kind and put me into the most interesting work possible.  I do not remember 

securely the name of the head of the branch that was responsible for providing the Army, that included the Air Force 

at that time, with the trajectories.  I think Dederick may have been his name. 

 

ASPRAY:  Dederick.  I believe so. 

 

SCHWARZSCHILD:  In a certain sense, Dederick was really the head man who for the Ballistic Research Laboratory 

was responsible for pushing the development of computers. 

 

ASPRAY:  I had heard that R. H. Kent was the kind of person who was very strong in instrumentation and ballistics 

testing, but was not a particularly advanced mathematician.  Is that accurate? 
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SCHWARZSCHILD:  I think that is entirely accurate.  But as a person he was so stimulating and so lively and good 

with people that I feel very confident, for example, regarding von Neumann, he had more influence on von Neumann 

than Dederick had.  Of course, von Neumann's main interest came just from the mathematical program, the applied 

mathematical program.  I do not remember very well any other person.  There was one young astronomer, Leon 

Cunningham, but I do not think that he played a major role.  There were, of course, a number of other astronomers as 

consultants.  Either at that time or a little later on, Hubble, for example, was there.  But I think he was more on the 

experimental side, new experiments with rockets, rather than on the computational side which was not his particular 

specialty. 

 

ASPRAY:  At this time in your background you had completed all of your formal education?  

 

SCHWARZSCHILD:  I had completed my formal education before... 

 

ASPRAY:  Before you came to the United States. 

 

SCHWARZSCHILD:  Exactly.  I got my Ph.D. in Gottingen.  Then I had three years as a post-doc at Harvard under 

Shapley.  Then I had gotten my first position as a lecturer at Columbia University.  From there I went into the Army.  

But the time at Columbia was very essential.  I gained some experience with advanced IBM machines, which as of 

that time were still all electromechanical machines.  There was one unique so-called factorial "multiplier" at Columbia 

in the Watson Scientific Computing Laboratory. 

 

ASPRAY:  The one that was run by Wallace Eckert? 

 

SCHWARZSCHILD:  Wallace Eckert, yes.  Actually, Eckert had left Columbia to take the directorship of the Naval 

Observatory and it was the position he vacated that I got -- of course on a much lower level.  But the machines that 

Eckert left there gave me the first chance to really get used to that level of computing. 
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ASPRAY:  I see.  What kinds of computational problems had you been doing while you were at Columbia? 

 

SCHWARZSCHILD:  Mostly perturbations of stellar models, that is pulsations and rotation of stars.  That is, linear 

differential equations in the usual sense of perturbations and either one-dimensional or, in the case of rotation, two-

dimensional problems of a reasonably high degree, six and eight degrees.  There was the possibility of putting the 

coefficients on stacks of punched cards and feeding them in, and by a tricky behavior of putting some cards in and 

taking other cards out at every step, actually being able to let the machine step-by-step do the integrations.  It was 

terribly exciting for me and I think these were exciting steps in that short era before electronic machines came in. 

 

ASPRAY:  Is it that background in particular that led to your being assigned to Aberdeen, do you think? 

 

SCHWARZSCHILD:  That's possible, but I'm not really sure.  I'm not certain how it was that I was called up there.  I 

was very unhappy about that assignment because Aberdeen already had available an incredible array of real top 

scientists.  They didn't need one more smaller scientist in uniform when they had people like von Karman, von 

Neumann and Veblen from among the mathematicians here.  And so on.  There was an excellent group of experimental 

scientists there for the duration of the war.  Chandrasekhar was there.  So I felt that I was really a minimal addition to 

the effort.  But in the regular units in the armed forces I felt they had been stripped of anybody that had any technical 

or mathematical background; so there I really had the feeling that they would have used me more than as part of 

laboratories like Aberdeen.  I thought they needed people in these other units, so I do not know how it came that I 

was sent to Aberdeen.  I think from the Army point of view it was a logical move, but I must admit that I did my 

utmost to get away from Aberdeen by applying to an officer's school.  I had the right to go to an officer's school and 

in that way get away from Aberdeen.  But that does not say that I had any personal difficulties in Aberdeen.  Indeed, 

the work there was incredibly exciting for me, and I developed good relations with some of the younger people not so 

much involved in this computational aspect.  Also, Kent was a marvelous boss.   

 

ASPRAY:  Tell me what your duties were as an enlisted man at Aberdeen? 
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SCHWARZSCHILD:  Most of my actual assignments were the assessment of bomb blasts.  There were at that time a 

set of what then was called "block busters", (still traditional chemical bombs but of a very large size) being tested.  I 

was assigned to that sequence of tests, which was terribly interesting.  It was also a time where we were by-and-by 

coming to understand shock waves and develop them into a real practical science, which became one of von 

Neumann's particular subjects for computers.  My main assignment was not connected with computational work, but 

I was called into the discussions about the computational problems just by way of my computing experience -- at 

Columbia and also before that for one year with Rosseland in Norway, in Oslo, where there was a mechanical analog 

computer which I had used during that year.  I had interests and background in computational techniques and that is 

why I was invited to listen. 

 

ASPRAY:  Was Kent your supervisor? 

 

SCHWARZSCHILD:  Yes.  He was directly my supervisor.  And therefore my main job was on his side, not on 

Dederick's side.  Then I got away from Aberdeen and became a lieutenant.  I was again assigned to anti-aircraft, as I 

had been before as an enlisted man.  But then suddenly I was ordered to come to Aberdeen again.  At that time I was 

very furious, but it turned out that Kent had picked me for an assignment in Italy and that I only had a month or so in 

Aberdeen to catch up with what I needed to learn for the assignment in Italy, which had nothing to do with 

computing. 

 

ASPRAY:  But during that month back there (in January of 1944) you had the chance to see what progress they had 

made in computing? 

 

SCHWARZSCHILD:  Exactly right.  That was for me an entirely unbelievable experience because some time in 

between (I do not know the details at all) Von Neumann got involved in a very effective way and the obvious answer 

to all our muddled questions was there.  I had no contacts with von Neumann himself that I can remember, but all the 

people in the laboratory told me how one now, according to von Neumann, looked at the problems, and it was so 
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obvious and was so simple.  It was really an enormous impression to see how a fundamental -- I don't know what you 

should call it -- problem or really a fundamental field of questions could not be managed by hundreds of ordinary-

sized brains, where one brain of von Neumann's class did it. 

 

ASPRAY:  What did the solution entail?  What was it that you found? 

 

SCHWARZSCHILD:  I think on the purely conceptual side it was the list of something of the order of a dozen 

commands that a machine ought to be able to understand and then you could code in any convenient way.  I mean 

just a list of the four basic algebraic operations and a few IF and GO statements, conditional GO statements and direct 

GO statements so that you could construct loops and any likely sequence of operations that you needed to solve 

any of the applied mathematical problems that we were thinking of.  Then, on the semi-gadget side, the idea was that 

sequences of commands should be coded so that they could be stored in the same type of memory the data would be 

stored in.  You could then partition the memory as the problem required for commands or for data; usually, of course, 

for both.  But I think the greatest contribution at this step was the breaking down of logical requirements into  

that very short list of necessary commands, of which I think that conditional transfers may be in some sense the 

biggest invention. 

 

ASPRAY:  So that you had branching? 

 

SCHWARZSCHILD:  Yes.  And it was so incredibly striking because it was all so simple.  I mean, there was no more 

question the moment you were once told.  You could understand everything.  And you immediately saw how you 

would write down sequences of statements to solve any particular problem that you ever had done. 

 

ASPRAY:  Is there likely to be any written record of this? 

 

SCHWARZSCHILD:  I'm afraid that I know nothing about that.  And I think, well, I would ask Herman Goldstine -- 

even though I think he was not yet working with von Neumann at that time during the war, though I'm not even sure 
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of that. 

 

ASPRAY:  It was since sometimes later in 1944 that they first met, I believe. 

 

SCHWARZSCHILD:  I see. 

 

ASPRAY:  The reason I ask this question is that this is a very important piece of the story.  There has been a great 

deal of controversy over the last few years, as you may well know. 

 

SCHWARZSCHILD:  No, I have not followed it at all. 

 

ASPRAY:  Over the origins of the stored program concept.  Goldstine and certain other people credit von Neumann 

with the idea, but Presper Eckert and John Mauchly at the Moore School of Electrical Engineering credit themselves 

with the idea and claim that von Neumann got the idea from them as he discussed with them the concepts of the 

ENIAC and the EDVAC computers. 

 

SCHWARZSCHILD:  I do not really know that background at all.  I mean, I think what I know is exactly as I described 

how dumb we were early in 1943 and how everything seemed terribly plain and straight-forward in 1944.  In 

Aberdeen, that change was clearly due to von Neumann.  But to what degree he was influenced or helped by other 

developments, I could not judge. 

 

ASPRAY:  But this incident precedes all of those things, so if we could document this we would know that von 

Neumann did not learn it from those other people. 

 

SCHWARZSCHILD:  I see.  I see.  Well, I would think... Which one was the machine that was at Aberdeen by the end 

of 1943 or early 1944?  Is it the ENIAC or the EDVAC? 
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ASPRAY:  They didn't come until later.  It was sometime in 1945 or 1946 that ENIAC was delivered.   

 

SCHWARZSCHILD:  But I thought there was an electronic machine in Aberdeen at least on my second stay there. 

 

ASPRAY:  The only thing that they were likely to have had then would be a Bell Labs machine of some sort. 

 

SCHWARZSCHILD:  I wonder whether going to the Ballistics Lab and seeing what records they have would help, 

e.g. memoranda written by von Neumann or others there.  Now, I'm terribly confused, but my memory plays tricks on 

me often, but I thought I remember that already in 1944 they had proceeded on their electronic machine to make some 

modest hardware changes so that commands, statements, could be put into the memory which originally had been 

only thought of as a memory for numbers. 

 

ASPRAY:  This only happens later.  That story's been told many times.  Dick Clippinger, for example, was involved in 

that. 

 

SCHWARZSCHILD:  I see.  I see.  Well, my memory just is... I mean, I'm putting things that I heard after the war quite 

possibly... 

 

ASPRAY:  Together with things that... 

 

SCHWARZSCHILD:  ...together with what I learned in 1944. 

 

ASPRAY:  That is very easy to do.  Let's go back to Kent for a minute.  Other than providing enthusiasm, stimulus, 

for von Neumann, what kinds of things would he know about that he could teach to von Neumann?  Practical things 

about interior and exterior ballistics or... 

 

SCHWARZSCHILD:  Remind me, interior ballistics involves the explosions while exterior ballistics involves the 
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trajectory. 

 

ASPRAY:  Right. 

 

SCHWARZSCHILD:  Well, Kent was then on interior and Dederick on exterior ballistics.  And in interior ballistics 

Kent, of course, certainly was an expert.  Of course, that had nothing to do with immediate computing problems.  

However, I bet that von Neumann's interest in shock waves may very well have been stimulated by Kent because the 

question of how exactly a shock wave forms and behaves around an explosion was very much in the forefront of 

Kent's work at that time. 

 

ASPRAY:  In what way was that a necessary problem or an important problem for them to study?  Can you tell me in 

more detail? 

 

SCHWARZSCHILD:  All right.  Much of the main damage of an explosion, of course, is done by the shock wave 

itself.  In some other applications it is bomb fragments that cause most destruction, but usually it is the shock wave.  

If you had an explosion a little above the ground and you wanted to know how the original wave would hit the 

ground, form a reflected wave, then combine near the ground with the original wave, and have an extra strong blast 

wave go out near the ground.  That was a problem involving highly non-linear hydrodynamics.  At that time it was 

only just understood descriptively.  And that became a problem that I think von Neumann became very much 

interested in.  So in that particular problem I think contacts between Kent and von Neumann were very obvious.  But 

I think Kent's influence was basically of a different kind.  It was much more of a human kind, making von Neumann 

and others feel that Aberdeen was somewhere that he really was appreciated and could work.  I remember seeing von 

Neumann and Kent extremely happy and a little tipsy at some evening party of the laboratory and just having a 

terribly good time singing all sorts of songs together.  So it is, I think, sort of that emotional, human background 

which in upset times, like the war, can play a terribly important role even for a scientist as basically logical as von 

Neumann was. 
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ASPRAY:  Is there a scientist on the staff at Aberdeen that would have been contributing, somebody who would 

have already been working on these problems in hydrodynamics, shock waves, turbulence, or whatever? 

 

SCHWARZSCHILD:  I do not know, but I somewhat doubt it.  I know that for example in the field of shock waves the 

physicist Blackney here from Princeton came as a consultant to Aberdeen every so often.  You know, he had then 

these "shock tubes", a device in  which you can reach quite high shocks and in which here at Princeton they got the 

type of photographs called Schlienen photographs, of shocks around objects in which you actually can see the 

shock.  So I think much of that influence came from the outside.  Kent was incredibly good at getting top people as 

advisors in Aberdeen. 

 

ASPRAY:  Okay.  Why don't we turn now to a totally different topic, to your scientific collaboration with von 

Neumann on astronomical problems.  I'll leave it to you to describe the problem. 

 

SCHWARZSCHILD:  First, I would say to call it a scientific collaboration is assigning me much too big a role.  Let me 

describe how this setting came about.  In 1947, I got an appointment here in Princeton, the position that I have had 

ever since, until I retired. 

 

ASPRAY:  A faculty position in astronomy. 

 

SCHWARZSCHILD:  Right.  I was already interested in the theory of the stellar interior and continued to be so, very 

much with the encouragement of Lyman Spitzer, who was for many years the head of the department.  The basic 

problem in the stellar interior mathematically takes the form of four first order differential equations in just one 

variable, the distance from the center of the star.   

 

TAPE 1/SIDE 2 

 

SCHWARZSCHILD:  The basic stellar interiors problem presents what is mathematically a system of four first order 
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differential equations in just one variable, with the distance starting at zero at the center and going out to the radius 

of the star.  The problem has boundary conditions, two in the center and two at the surface; so it makes a neat 

boundary type of problem.  But the equations are extremely non-linear.  This makes analytical solutions, even for the 

simplest physical cases, very unlikely.  We had already done an awful lot of numerical calculations for a wide variety 

of particular cases.  But of course that process was incredibly tedious and slow.  To get a solution for a particular star 

for one particular time in the life of the star would take two or three months.  And if it was a tricky case, a more 

evolved case, it would take half a year. 

 

ASPRAY:  These would be done on desk calculators? 

 

SCHWARZSCHILD:  Desk calculators in the most brutal and simple way.  And solving the eigenvalue problem 

essentially as two starting value problems with trial values either starting at the center or starting at the surface and 

then fitting somewhere in between.  It was a very awkward procedure that got worse and worse as we followed a star 

in its evolution.  And its speed of conversion decreased as you proceeded to more complicated, more evolved stars.  

So there was no question in my mind that if there were better computational tools I certainly wanted to learn and 

hoped to apply them.  Then von Neumann developed the MANIAC here in Princeton.  We had occasional contacts 

and he became more and more interested in one or two examples of highly non-linear problems for which a lot of hand 

computations were available.  He wanted ones that were sufficiently complicated so that they couldn't be analytically 

solved, so that the numerical job wasn't just to check something that was completely understood analytically.  He 

wanted a real problem that you really needed computers for.  It just happened that these stellar interior problems were 

exactly of the kind that was important for von Neumann.  We had computed numerical solutions with which you 

could check, and you at least knew exactly how you could solve it the tedious way with desk computers.  That was 

why he encouraged me to work initially with Herman Goldstine and then later, very extensively with Heddie Selberg, 

who was one of the members of this group, to get the equations onto the MANIAC and start using the MANIAC.  

Actually von Neumann assigned a lot of time to the stellar interior problem. 

 

ASPRAY:  Can you quantify what you mean by a lot of time? 
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SCHWARZSCHILD:  My impression at that time was that it was more than one quarter of the actual running time.  

Sometimes hitting as high maybe as 50% of the time, but I could not be too sure about the numbers.  By the time the 

machine officially started to run, I think Herman Goldstine and I had already the complete problem at least on paper.  

But again, I am very unsure of my estimates.  We started on the problem very soon after that famous champagne 

party that celebrated the beginning of the machine -- after which, as you probably know, the machine refused to work 

for about a month.  For honesty's sake, I should also say that the MANIAC was very often not working.  It was a 

very major struggle.  And since we still used this trial-and-error method coming from the center and the surface of the 

star and fitting in the middle, it was not a rare phenomenon that we would not get a set of integrations completed to 

even get to the fitting.  The machine would stop before that.  So, as to net astronomical output of these experiments, 

this was not all that great at the time.  It was also terribly nerve wracking.  But it gave me a marvelous chance to learn 

how to think in terms of modern computers with von Neumann's logic and to get into that way of approaching 

numerical problems; so that as the more serviceable machines, particularly the commercial ones, became available I 

was wonderfully trained to use them. 

 

ASPRAY:  How many months or weeks did your computations go on the machine?  Did you try these over a span of 

time? 

 

SCHWARZSCHILD:  Oh, yes.  It started very close to the time when the machine started operating and continued 

until after von Neumann left.  Princeton University actually got an agreement with the Institute to run the MANIAC 

for either one or two more years after it had been essentially closed at the Institute.  And all of that time we continued 

to use it. 

 

ASPRAY:  So that's a period of five years?  Something like that. 

 

SCHWARZSCHILD:  Something like that.  Yes.  But at the same time, an associate of mine here in the department at 

the university continued desk computations. The truth is that we published more papers resulting from those desk 
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computations during that time than we got out of the MANIAC.  It was an important measure of my scientific output 

over those years, but in light of having learned from those that participated in the inventing of the new logic it was an 

incomparable advantage over the rest of my life.   

 

ASPRAY:  Did you use different methods, different algorithms on the Institute computer as compared to the ones 

you used on the desk calculator? 

 

SCHWARZSCHILD:  I think that is a terribly important point that you bring up and the answer for the stellar interior 

problem quite specifically was no at the beginning.  We continued the same silly substitution of initial value trial 

problems for the boundary value problem.  I can't remember the time exactly, but when the hydrogen bomb 

development came, Johnny Wheeler here at the university had a project of deriving theoretical conclusions about 

how the detonation in a hydrogen bomb might occur.  He was joined for one year by a theoretical astronomer from 

Berkeley, Louis Henyey.  I was not involved.  I had not volunteered for that work and did not have proper clearances. 

 That was my choice.  But Henyey was there.  After Henyey returned to Berkeley after this year, he realized what he 

had learned here was extremely useful for the stellar interior.  He applied a general scheme that I understand, but that 

again would have to be checked, von Neumann and somebody else, whom I forget, developed specifically for 

boundary value problems.  And Henyey wrote one fundamental paper about that method applied to the stellar 

interior.  We used the term "Henyey method" for it, but the basic idea he learned here.  Henyey, who had spent a year 

here, had learned it either directly or indirectly from von Neumann. And the moment Henyey's paper came out in the 

open literature, in the astronomical literature, and after I understood it, which took one special get together with 

Henyey, I have never used anything else and it became the standard tool.   

 

ASPRAY:  The standard tool for what group of astronomers? 

 

SCHWARZSCHILD:  Well, this was specifically the standard tool for the theory of the stellar interior.  That is, this 

fourth order system with boundary conditions.  But I'm sure the same method has been applied much more generally. 

 I know that it has in a modified form and in a more complicated problem in stellar atmospheres been applied, but that 
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I fear I don't know enough in detail about that. 

 

ASPRAY:  Can you tell me who's worked on that or give me clues to the literature? 

 

SCHWARZSCHILD:  I personally would ask Dmitri Mihilas,  whose address I can find.  But when you asked me 

whether we applied all the techniques that we had applied on the hand computers also on the electronic computers, 

well the answer is:  up to the new developments in part sparked by von Neumann himself we used the old ones, and 

only by-and-by did we switch to what is really much more proper for the problems at hand, like these boundary value 

problems which would not have been at all possible to do by hand.  In this method, you have to keep in store of a 

very large matrix that you iterate.  I think it would have been impractical to do by hand. 

 

ASPRAY:  Would it have been impractical even on the Institute computer given the limitations on the memory? 

 

SCHWARZSCHILD:  Very marginal, very marginal, I think.   

 

ASPRAY:  But at least indirectly von Neumann had a role in this later development in the sense that he worked with 

somebody on the boundary value problem that... 

 

SCHWARZSCHILD:  Yes.  yes.  Well, there's no doubt.  I think von Neumann has always been credited for this 

general method, von Neumann and somebody else who I do not remember.  So his influence continued.  But I don't 

know exactly when that development is, but it can be dated by the year that Johnny Wheeler had the atom bomb 

project. 

 

ASPRAY:  I think his collaborator on that was Richtmyer.   

 

SCHWARZSCHILD:  That sounds right.  I would like to say that my impression was that in all the years after the war 

whenever you visited one of the installations with a modern mainframe computer, you would always find somebody 
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doing a shock wave problem.  If you asked them how they came to be working on that, it was always von Neumann 

who put them onto it.  So they became sort of the foot print of von Neumann, walking across the scene of modern 

computers. 

 

ASPRAY:  Can you say anything more about what you learned about how to use a computer in scientific research 

from your experiences with the Institute computer, however frustrating they might have been.  What does that mean? 

 What sorts of things did you learn? 

 

SCHWARZSCHILD:  I'm in trouble knowing how to answer it because now it all seems so obvious.  You have a hard 

time now to recollect what you really had to learn.  But the whole concept of what we called addresses, we had to get 

used to.  Every quantity was stored in an address and you had to give the computer the address to fetch a quantity 

and do the arithmetic about it and restore. About that whole sequence of operations, which it is not hard 

conceptually to understand once it is put in those simple terms , you had to train yourself to think in an orderly way.  

And that does take a while to learn, just like it now takes a while for new students to learn.  And at that time there 

were all sorts of smaller, but quite bothersome details.  There was of course no Fortran or anything like that so you 

had to put everything in the basic language, which was very good training.  You understood then what you were 

doing.  But it was very slow and then there was the whole question of binary versus decimal.  And you know, there 

were no functions directly available.  You really had to know how to get logarithms.  So there was an awful lot of just 

practical things that you had to learn.  It was a frustrating time in a certain sense, but it was also an incredibly exciting 

time.  The dominant sense was that you knew this was a development that was going to go forward and that in your 

lifetime you would see enormous changes.  I think that was very clearly understood by von Neumann and we all just 

followed him in that aspect.  So the frustrations, well, you learned how to take them.  I think none of us would have 

thought of wanting to get away from the machines; we were so convinced they would get technically better.   

 

ASPRAY:  I have three final questions for you.  The first one concerns an assessment of this line of research on 

stellar interiors, its overall significance to the field of astronomy.  You told me that this method became a standard 

method for dealing with the problem of stellar interiors.  How significant a problem is this?  Did this line of research 
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become an important part of the study?  Can you comment on that? 

 

SCHWARZSCHILD:  Yes.  Now you understand that I have spent most of my life in that field and therefore what I 

say is most likely highly biased in favor of the stellar interior, but that is your business.  By 1938 with the famous 

paper by Bethe and independently by von Weitzracher the last missing physics, major physics in the stellar interior 

had become clear, their nuclear energy sources.  So essentially, however inaccurately, you had all the physics 

available that should make it possible, theoretically, to follow time by time the evolution of an individual star, 

depending on the mass and the chemical composition that the star had at the beginning.  Suddenly you had the 

possibility of computing evolution sequences for individual stars, of comparing different stars and different phases 

of the evolution with observed stars.  There was an enormous wealth already of observations relevant to this 

question.  Suddenly you could start to interpret the observed stars in terms of different masses, different 

compositions, different ages.  So a wealth (what you might call a zoo) of observed stars fell into patterns and we 

could start getting ages for stars, particularly for groups of stars in clusters which had common compositions, and 

probably even common ages.  Age determinations were much more secure for them than for individual stars.  That 

gave us the first, however inaccurate age determinations for individual objects in the astronomical scene.  Since then, 

it has evolved into a much more multi-faceted field particularly when then the white dwarves, which had been 

understood before but could now be understood as end phases of the lighter stars, and then the neutron stars and 

finally at least in theory the black holes could all be by and by incorporated.  Then rotating stars and double stars 

became very big fields and nowadays the phenomenon of x-ray emitting sources that are usually understood as 

double stars where mass from one component falls onto the other one is still another field.  I think it is not 

exaggerated to say that the theory of the stellar interior and stellar evolution with all these modern facets is a 

significant part of modern astrophysics though by now, perhaps, a little less in the foreground than it was twenty 

years ago.  But that is my propaganda. 

 

ASPRAY:  The last two questions have to do with publications and materials you might have.  You said that there 

were many more publications that resulted from the desk calculations of your colleague than from the calculations on 

the Institute computer; but that suggests that there were some based upon the Institute computer.  Where would 



 

 

 
 19 

they have appeared? 

 

SCHWARZSCHILD:  Anything that I was involved in of this kind got published in the Astrophysical Journal.  

Specifically there is one paper signed by myself and Heddy Selberg that was the most complete fruit of that early 

effort on the MANIAC. 

 

ASPRAY:  This would have appeared when? 

 

SCHWARZSCHILD:  Around 1950, but maybe as early as 1949.  That I can tell you later on if we remember to look it 

up.  Also, we published in the supplements of Astrophysical Journal one rather thick paper, indeed a whole number, 

one issue of the supplement, of actual tables of numerical solutions of various families; from the center out, from the 

surface in, under isothermal conditions, under adiabatic conditions, a whole variety of families of numerical solutions. 

 The biggest one, specifically the adiabatic envelopes were comp uted on the Institute's computer.  But in a sense, 

that publication still shows how early in the game we were.  You can't even imagine, nowadays, publishing that kind 

of a set of integrations because everybody would run them him or herself at the moment they were wanted.  It would 

now be considered an impossible nuisance to have in book form tables of numbers.  If you want to use them you 

need them on a computer nowadays.  So, in a sense, that publication is really a pointer to this transition phase 

between the hand computing phase and the modern computer phase. 

 

ASPRAY:  What about personal records?  Did you keep laboratory notebooks or other records of your daily or 

weekly work? 

 

SCHWARZSCHILD:  No, I have never kept good records.  After a piece of research or report was published I used to 

keep records for maybe half a year and after that I threw it away.  So, except for a little bit of correspondence, and that 

all is now in the archives of the University, I am the worst possible source. 

 

ASPRAY:  Let's turn for a moment to your experiences as a user of the Institute computer.   
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SCHWARZSCHILD:  I would like very much to emphasize in this connection that if I make critical comments, they 

should not obscure the excitement of the time or the opportunity that it meant for the rest of my life --  and that must 

have been the same for many others.  All these difficulties we did not feel as fundamental, but they were there.  The 

Institute machine I think it is fair to describe as marvelously designed, fundamentally by von Neumann's logic but 

also by very, very good electronic engineers -- two or three that he had in his school.  But it was not designed by 

anybody who thought about the serviceability, the maintainability, the repairability of the machine.  And in that 

regard, from our modern point of view the machine could hardly have been more difficult.  If you remember, they were 

all tubes, not yet transistors.  If something went wrong and they identified which tube it was, then to get at that tube 

usually meant cutting a whole slew of wires, not just the ones to the tube.   Just to get at the tube you had to cut 

dozens of wires, keep track of them, get at the tube, replace the tube, and resolder the wires.  It was a major 

undertaking whenever a tube went bad, particularly those that were really in the main body of the computer.  So the 

down time was high in part because the failure rate was still very high and in part because the repair time was very 

high.  Also, the main memory consisted of a wide belt magnetic tape, but in a drum form, something on the order of a 

foot or two long and a foot or two wide and the adjustment of the reading and tracking heads on that drive were 

extremely delicate and quite often failed.  Usually the failures at least in the type of work that I was involved in were 

immediately discernable.  For example, if the reading head wouldn't pick up the right numbers the computations 

immediately would go off scale.  You know that there was no floating point, so you went off scale terribly easy.  So 

we never had the serious danger of getting wrong, but acceptable looking results.   

 

ASPRAY:  Yes. 

 

SCHWARZSCHILD:  The danger was just that you got thrown off.  There was one other aspect.  As a person von 

Neumann was extremely tense and quite often the likelihood of getting actual numerical results was very much larger 

if he was not in the computer room because everybody got so nervous when he was there.  But when you were in 

real thinking trouble, you would go to von Neumann and nobody else. 
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ASPRAY:  Okay.  Thank you very much. 

 

END OF INTERVIEW 


