An Interview with
ARTHURW. and ALICE R. BURKS

OH 75

Conducted by Nancy Stern
on
20 June 1980

Ann Arbor, Ml

Charles Babbage I nstitute
Center for the History of Information Processing
University of Minnesota, Minneapolis
Copyright, Charles Babbage Institute



Arthur W. and Alice R. Burks Interview
20 June 1980

Abstract

Arthur Burks describes hiswork on the ENIAC and Institute for Advanced Study computers. Hereviews his
upbringing, education, and work experiences (mainly teaching) before joining the University of Pennsylvania Moore
School of Electrical Engineeringin 1941. He then discusses his associations with J. Presper Eckert, John Mauchly,
John Brainerd, Herman Goldstine, and others and their work at the Moore School. Various aspects of the ENIAC
project are discussed in detail: interactions of project members, division of tasks, decision making processes,
patenting issues, initial operation, and von Neumann's association with the Moore School and the ENIAC and
EDVAC projects. Thereisagenera discussion concerning the classification of general versus special purpose
computers and computers versus cal culators. Patenting issues concerning the ENIAC project are given particular
attention. The Burkses discuss the dispersion of ENIAC and EDV AC personnel at the end of World War 11. Burks
recounts his moveto the Institute for Advanced Study in Princeton, his experiences there, and his consulting work
with Burroughs prior to accepting afaculty position at the University of Michigan.



ARTHURW. AND ALICE R. BURKSINTERVIEW

DATE: 20 JUNE 1980 INTERVIEWER: Nancy Stern

LOCATION: Ann Arbor, Ml

STERN: Art, | know you were bornin 1915 in Duluth, Michigan.

A.W. BURKS: Duluth, Minnesota.

STERN: Minnesota

A.W.BURKS: On Lake Superior.

STERN: Lake Superior you said?

A.W.BURKS: Yes, isn'titthe end of Lake Superior.

STERN: But | don't know much about your background in terms of your parents, how many sisters and brothers you

have. Could you just give me alittle bit of background information?

A.W.BURKS: Yes. My father and mother have both been teachers. At the time of my birth my father was ateacher
in the school system of Duluth, Minnesota and my mother sometimes taught as a substitute. Thefirst child ismy
older brother Richard, two years older, who now teaches history in Wayne State University in Detroit. The third
child was my sister Sara Elizabeth, who died afew years ago, and the fourth child was my brother David who teaches

history at Hunter Collegein New Y ork City.

STERN: Your parents- did they teach a particular subject?



A.W.BURKS: My father taught mathematics but he was really more interested in history in the sense that he was an
avid reader of history. Read books and knew a great deal about the Civil War, for example, and about Lincoln aswell
as alot about European history. My mother had been an historian, though when she had children she became
interested in what you might call "educational activities" through the P.T.A. and thelike. | can remember abook
sitting at the main table in the living room; The Child; It's Development and Growth, something like this, and this

was before very many people were interested in developmental psychology.

STERN: It'snot hard to see where you got your interest in math and history from.

A.W.BURKS: Yes. That'sright. Yes.

STERN: Y ou went to the school system in Duluth, | assume?

A.W. BURKS: | went to grade school in Duluth and in 1924, when my youngest brother was just a baby, we moved
from Duluth, Minnesotato the Chicago area. My father had gotten a position in the Chicago school system and he
remained there until heretired, around 1950 | think. Welived first in alittle village called West Chicago, for just one
year and then we moved to Batavia, Illinois, which is now well known because of the accelerator, but then it was a
small, industrial town of about five thousand people with lots of first and second generation immigrants mainly on
the west side and Swedish people and alot of Lithuaniansin our neighborhood on the south-east side and alot of

Germans also in that neighborhood.

STERN: And you went to college in DePauw?

A.W.BURKS: | went to college at DePauw University in Greencastle, Indianafrom 1932-1936. And at that time was

unable to get ateachingjob though | had qualified as ateacher in both lllincisand Indiana. So | came here and

studied philosophy from 1936 to '37.



STERN: Thiswas after you had your bachelor's degree?

A.W. BURKS: After | had my bachelor's degree. Inthat oneyear | got a master's degree in philosophy here and at
the end of that year was offered the first job | ever had which was teaching high school and grade school at a
consolidated school north of Flint, Michigan. | spent ayear there and then came back as ateachingfellow in
philosophy and studied philosophy from 1938 until ‘41, supporting myself as ateaching fellow or with afellowship

(study fellowship). Andin'411 got my Ph.D. in philosophy.

ALICE BURKS: Do you want to say what your undergraduate work was?

A.W.BURKS: Yes, it wasin mathematics as a major and physics as a minaor, though | became very interested in

philosophy and took what was the equal of a minor in philosophy.

STERN: | assume that you were always interested in going into mathematics as ayoung boy?

A.W.BURKS: Yes, | was pretty good at mathematicsin grade school and high school and my dad isin mathematics,
of course, and so | planned to study mathematics. Andindeed | think | planned as a high school student that 1'd
eventually get aPh.D. and teaching in college, or at least that was my ambition. | remember we were very activein
the congregational church and | remember when | was a senior in college, one of the--it wasn't the minister but one of
the leadersin the church, a young man, wanted to know what | was going to do when | graduated and | said go study
mathematics and get aPh.D.. And he said, "Well what could you write athesis on, are there any new unsolved
problemsin mathematics?' And of course the kind of mathematicsyou got in high school those days, or evenin

college, didn't show you that there were lots of unsolved problems.

STERN: That'sright. Asamath magjor in college myself, | had that same feeling, you know, that everything that

could be solved has been solved. When did you change your mind and decide to go into philosophy?



A.W.BURKS: Yes, | becameinterestedinit asajunior, when | took my first philosophy and then as a senior | began
to think seriously about it. |1 can remember taking or walking out to our garden, we lived in town and half a mile away
my father had 4 acres where he raised vegetables, had a cow, provided milk for us, and he had a horse to plow and he
raised raspberries. Indeed alot of the money that went to send my brother and meto college came from our selling
these raspberries. And | can remember walking out there, we had to go out there quite regularly to work, and thinking
whether | wanted to go in math or philosophy. Actually at the end | received no offers of afellowship in math except
onein statistics from lowa State College. | don't know whether you know but, then and still, lowa State College (it's
now auniversity) had avery excellent statistics department. But by that time | decided | wanted to do philosophy so
| came hereto Michigan. Now in philosophy | worked alot with Harold Langford who was alogician. | took acourse
from Ray Wilder in the foundations of mathematics-- he later published that coursein abook. So | concentrated on

philosophy of Science and philosophy of mathematics at that time.

STERN: Y ou taught at the high school level?

A.W. BURKS: Itwasactually sixth grade, eighth grade, ninth grade, tenth grade, and eleventh grade for one year.

STERN: And in the subject of philosophy or mathematics?

A.W.BURKS: No, it wasmath. | think the sixth grade was English, because you did whatever they told you to do,

but mostly | was a mathematics teacher.

STERN: | see. | understood during that period that getting jobs in the math field were very difficult.

A.W.BURKS: It wasvery difficult to get ateaching--well it was very difficult to get any job in 1936 but this

one--well | already had enough practice teaching from DePauw to be certified in Michigan. My advisor in education

had pointed out that if | took twice the usual amount | could then be certified in Michigan and other states and at the



end of amaster's degreein Michigan | was given alife certificate to teach in Michigan, which | still have. And so

unless they revoke that, | have theright to go in and teach, if | can get the job, teach any subject in any part of the

public school system of Michigan. Indeed this particular place had about thirty teachers and only half adozen of

them were men and so they needed a man because they had to have the men to drive school buses and | drove the

school busin addition to teaching.

STERN: Now you got your Ph.D. from Michigan in 1941?

A.W.BURKS: In philosophy.

STERN: And then you went to the Moore School at that point?

A.W.BURKS: Yes.

STERN: What precipitated that?

A.W. BURKS: Well, | wasn't ableto get ajob and | heard about the summer course that they offered. So | applied

and was admitted to that course, and went there and took that course, and that's where | first met John Mauchly; he

was also astudent in that course. As| remember there were about 30 studentsin that course.

STERN: 30 students. Thisisthe engineering management science war training course at the Moore School ?

A.W. BURKS: Right. Yes.

STERN: So that your main reason for going there was because of the difficulty in getting ajob in your own field.

A.W.BURKS: Weéll, thedifficulty in getting the job, and when | went there we weren't at war, but it was clear that we



very probably would be at war. The war, of course, was raging in Europe and so | thought that | would be better able
to contribute to the war effort by getting thistraining in engineering. The idea of that course wasthat it would take a

person who had a bachelor's degree in physics and math and make that person into somewhat of a engineer.

STERN: Now your dissertation at Michigan was on what?

A.W.BURKS: On the philosophy of Charles Peirce - his philosophy of science, but that also included his

philosophy of mathematics.

STERN: Yes. Carolyn Eisele has been doing work in that field.

A.W.BURKS: Wéll I later went to Harvard and edited two more volumes of Peirce's collected papers, volumes 7 and
8, and in recent years Carolyn edited alot of Peirce's mathematical papers; 4 volumes, 5 books. It came out just afew

years ago.

STERN: So that when you went to the Moore School in '41 it was essentially to get akind of re-training in an

engineering area.

A.W. BURKS: Or aconverging, you might say, to an engineering areafor the purposes of assisting the war [effort].

STERN: What was the Moore School likein '41?

A.W.BURKS: Well it had the one building which | can definefor you. | think you went in the front door and you
went to the left into the shop and if you went to the right there was aroom that went the full length of the building of
those days. It was one big room, which was the laboratory for machinery. It waswhere they had motors and
generators and transformers. And then on the other side, besides the shop room, there was alaboratory room and

then arear room which wasn't used at that time but that's where the ENIAC was built. And that gave you the extent



of that building at that time. On that floor there was down in the basement aroom that held the differential analyzer

and aroom with lockers for the students-- the gym lockers.

STERN: They'restill there incidentally - the gym lockers.

A.W.BURKS: Okay. But that basement part did not go all the way back, it was just along the front. And then
upstairs there was a corresponding amount of offices and classrooms or around the wall and the library and the
classrooms and other roomsin the center. Since then, of course, they've added to the south and to the west; where
they added to the west was atennis court in those days and they've added athird floor too. Actually in one of the
projectsthat | worked on (John and | did most of the work on this) we took radiation patterns for antennas by
mounting the antennas on the roof of the Moore School and directing them down to areceiver in that tennis court
below, and then we would rotate the antenna to take a pattern of the intensity of the radiation as a function of angle

around the front of the antenna.

STERN: Now before you did thiswork you were essentially enrolled in a course?

A.W.BURKS: For the summer of '41 | was enrolled in this course and at the end of that course | was offered an

instructorship at the Moore School, as was John Mauchly.

STERN: Now at the summer course - who were some of the instructorsin that course?

A.W. BURKS: Brainerd was aninstructor, Chambers was an instructor, Weygandt, and others.

STERN: Faucett?

A.W.BURKS: No, Faucett was not an instructor.



STERN: Did Pender teach anything?

A.W.BURKS: No, Pender didn't teach in that course. Reid Warren did, | think. I'm not positive on this, Nancy,

because | |ater got to know these people very well. | definitely remember Chambers and Brainerd. Yes, | know Reid

Warren was, because he taught us electricity and magnetism. That was one of the courses, and who else was there

that | haven't mentioned? Weygandt was, |'m pretty sure. Inthat course you had two options; an electronics option

and a machine option, and | elected the machine option. Eckert was the graduate student laboratory assistant.

STERN: Was Showersinvolved?

A.W. BURKS: No, Showerswas not involved in the summer course. And then they brought in visitors. Therewas a

man from Lehigh and there was a man from Swarthmore.

STERN: It must have been a pretty intensive program, | would assume.

A.W.BURKS: Yes, we started fairly early; eight maybe - nine certainly, had classes all day Monday -- classes and

laboratories -- Monday through Friday, and Saturday morning. And then in addition we had homework. But of

course they were trying to give usasurvey of all of engineering in one summer. | don't remember the length - 10

weeks maybe.

STERN: There were about 30 studentsin this?

A.W.BURKS: That'stheway | remember it.

STERN: And you had to apply and then be accepted for this program, isthat how it worked?

A.W.BURKS: Yes.
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STERN: | see.

A.W.BURKS: Chamberswasin charge of it.

STERN: Based on your recollection, did the Moore School have areputation in electronics at this junction?

A.W.BURKS: I just wouldn't have known.

STERN: How did you find out about the course to begin with?

A.W.BURKS: | heard through afriend here on the campus. . .

STERN: Michigan?

A.W.BURKS: ...inMichigan that this course was available, and he gave me the address and | wrote and applied. |

guess | wanted to know in order to make plans, so | called up the Moore School and talked with Chambers and he

said, "Yes, you're admitted." Sol went. Soit wasjust kind of by accident that | heard about the course.

STERN: And essentially that summer course provided you with enough background to do the kind of work you did

onthe ENIAC?

A. W.BURKS: Well, no there was more than that. Y ou see, | started teaching in September of 1941 and in away |
was really what we would now think of as ateaching assistant. That is, my teaching assignment consisted of two
parts: onewas to supervise the machinery laboratory, since | had learned something about machines, and the other
was to teach quiz sectionsin acourse, asurvey course, of electrical engineering for chemical engineers and

mechanical engineers. The Moore School then was separate from what was called the Towne School. The Moore

11



School did only €electrical engineering. But it trained the Towne engineersin electrical engineering. Faucett gave the
lecturesin this course, using abook by a man named Dawes from MIT, and | was Faucett's teaching assistant, as we
would call it nowadays. So that the level of teaching at which | started was not terribly advanced. At the sametimel
became a master's degree student and took evening courses. Well, most of their graduate courses were taught in the
evening because there weren't very many graduate students, and by teaching them in the evening they could get
people from the Philadelphiaarea. Or sometimesthey had them in the day and | was, of course, freeto take them. In
the end | took a number of courses equivalent to the master's degree and that would have been--well certainly by the
time of the ENIAC | had taken enough courses to be equival ent to the master's degree. In addition, in December of
'43they got aresearch contract having to do with an airplane that was to be used to sweep lines, and they assigned

meto work on that. And | worked under Mauchly and Weygandt.

STERN: December of '43 - would be after the ENIAC then?

A.W.BURKS: I'msorry, December of '41.

STERN: Right.

A.W. BURKS: Thank you. | worked on that, and then when that terminated they got this contract out of the Signal
Corpsin New Jersey to work on antennas, and | worked on them. So by thetime | started the ENIAC, | had had a
year and a half of research experience, two years of teaching, and by then | was teaching coursesin which | was
giving the lectures myself, and | also had the equivalent of amaster's degree in electrical engineering.

STERN: Y ou mentioned that you started working in the machine laboratory. What sorts of machines? Differential

analyzer or other machines?

A.W. BURKS: No, engineering in those days was divided into two parts; the British called it low frequency and high
frequency. The machinery part meant generators, motors producing 60 cycles or the like, transformers, alittle bit of

relay control equipment for the system. And every student of the Moore School had to study machinery and had to



take alaboratory which would involve hooking up motors and generators and running them, and measuring their
functional characteristics and their temperatures after they had run awhile, similarly with transformers, and so forth.
The other part was electronics, where you did radio and video and alittle stuff that was associated with radar. The
Moore School kept up to date, pretty well to date on that in thislaboratory.

STERN: So essentially you didn't have very much to do with the differential analyzer at that time?

A.W.BURKS: Weéll | knew that it existed and | helped set up problems some, so | had a general idea of how it

worked. And it was, of course, the most interesting thing, in away, that was going on at the Moore School.

STERN: Who was responsible for asking you to stay on at the Moore School, do you remember?

A.W.BURKS: Wéell, it would be the Dean who made the decision, but he wouldn't have known me because he didn't

participate in the course. They had lost faculty, either to industry or the war, like Irv Travis. Y ou must know who he

is. He had been afaculty member there, and he was called up into the naval reserve. And other people had gone into

industry, so they needed people and | guessthey looked at the people in the course and saw that Mauchly and |

both had Ph.D.'s, and they hired us both. | believe we were both hired asinstructors.

STERN: And were you the only two people hired from this course?

A.W. BURKS: We werethe only two people hired from this course, yes.

STERN: So | gather you got to know Mauchly fairly well during the course and then subsequently to it.

A.W. BURKS: Yes, and then after we accepted the job, John was unable to find a house in Philadel phia our first

year, that would be the academic year of '41 - '42, and so we roomed together.
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STERN: Ohredlly?

A.W.BURKS: And hewould stay in during the week and then go out on weekendsto visit hisfamily in Collegeville.

Isit Collegeville where Ursinusis?

STERN: Yes. Did hetell you about hisideafor an electronic digital computer back in those days. When was the first

time you learned about that, can you recall?

A.W.BURKS: Well, no | couldn't give exact dateson that. | remember histaking acoursein cryptanalysis when we

roomed together because | can remember hisworking at the desk and telling me. . .

STERN: Where did he take that course at?

A.W.BURKS: Well, it was a correspondence course he took out of Washington, | guess. And we talked freely

about things and he told me about his visit to Atanasoff. | couldn't date when he told me about these things.

STERN: Did he talk about the machines that he was experimenting with, the harmonic analyzer and neon tube?

A.W.BURKS: Yes, hetold me about these machines. Again, | couldn't date when hetold me.

STERN: But thiswas prior to his memo to Brainerd?

A.W.BURKS: Yes, hismemo to Brainerd was '42 and | certainly knew of hisinterest in machines before '42. How

much detail | knew then, | couldn't remember.

STERN: Can you recall your first impressions of working with Mauchly, what it was like?

A.W. BURKS: Well, | can remember when we were students together it soon became clear that he was the most

14



knowledgeable member of the class. Again, it wasasmall class and we typically went out to eat together and so it
was not long before | got to know John pretty well, and | can remember studying for an exam once and wanting some
help and going over to hisroom, helived not too far from me, and asking him for help, and he gave me help on the
problems that we were supposed to solve in preparation for thisexam. And of course | got to know him well enough

that we made that arrangement to room together.

STERN: Yes.

A.W. BURKS: Hewasawaysvery friendly and helpful and easy to talk to. And when the students went to lunch,

we generally talked of typical things.

ALICE BURKS: Hehad avery droll sense of humor and was a great punster, | recall?

A.W.BURKS: Yes.

ALICE BURKS: He seized on every opportunity to throw a pun into the works.

STERN: Really? Y ou both worked on the mine-sweeping project?

A.W.BURKS: We both worked onit. The mine-sweeping project had two parts; one was a calculation part. The
Navy was building an airplane that would have alarge coil from nose to wing-tip to tail-tip to wing-tip to nose, and it
had alarge gasoline motor and direct current generator inside and this would produce current through the coil, and
that direct current would produce a magnetic field. Theideaisthat the plane would fly along above the water and the
magnetic field would detonate the mines and get them out of the way so a ship could then go through. The Navy had
aready decided on the design of thisplane. What they wanted to know was information about how to useit, and
they provided us with data about the characteristics of the mine itself, as they had gotten some German mines and

taken the mechanisms out of them. The mechanism is essentially agalvanometer, in other words a needle that is

15



moved by the magnetic field, and after it moves far enough it makes a contact and that electrical contact isthen used
to detonate the mine. How fast that needle moves depends on how strong thefield is, and the galvanometer has
certain characteristics. natural period and all thingslikethat. Sowe had to calculate the field for various positions as
the plane went by. Well, to begin with, the plane would be remote from the mine and then it might not go over, it
might go to the side of it and so forth. So there were many cases. We calculated the field, and then we also made a
model setup down in that room where the ENIAC was | ater built. With this model setup we produced a source of
magnetic field by actually using an alternating current magnetic field (because it is easier to make measurements with
it) and then we moved a probe around down below to measure the field. Mauchly and | ran a mechanical calculator to
calculate the field using spherical harmonics, and | worked with Weygandt in this experimental setup to measure the
field. And then after those tables were gathered, that information went into the differential analyzer, and the
differential analyzer was set up to make runs which would simulate the plane in respect to the mine and cal culate
when the mine would go off. That datawas then provided to the Navy Y ard down in Philadelphia. | don't think |
actually set that problem up or participated in the setup of that problem on the differential analyzer but | knew exactly

[how it was done].

STERN: Who supervised that project?

A. W.BURKS: Well, Brainerd was the director of research. Chambers was the director of War Education, you might
cal it, that'swhy he was in charge of the course. Brainerd was the director of research. He's the one who made the
arrangement with the Navy. He'sthe one who told Mauchly and me and Weygandt what he wanted done. 1'd say
the cal cul ations were supervised by Mauchly. He knew the appropriate mathematics to get spherical harmonics and
so forth. And Weygandt supervised the construction of the model. | can remember this was my second contact with
Pres. Preshad been the laboratory assistant in the summer course. Pres made a sensitive amplifier to pick up the

fidd in this experimental model, | can remember that.

STERN: So hewasalso involved in this particular project?
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A.W.BURKS: To the extent of making that amplifier.

STERN: Wereyou involved in Eckert and Mauchly'sinitial discussions about the proposed electronic device at that

juncture?

A.W. BURKS: No; well, | knew they were going on because, as | say, it was asmall school and we typically went
out to eat together. So | went out to eat with Mauchly and Eckert alot, but | was not involved in the detailed

discussions.

STERN: Mauchly sent [gave] that proposal to Brainerd, the memorandum concerning a vacuum tube devicein '42.

Did you know he did this?

A.W.BURKS: Yes.

STERN: Hetold you about that?

A.W.BURKS: Yes, well | knew it wasgoing on. Yes, | knew that he was doing that.

STERN: I'm trying to pinpoint your initial reaction to the concept.

A.W.BURKS: Oh. Wéll, | knew that John wanted to build an el ectronic computer and exactly when | knew it, I'm not

sure. But | feel pretty sure that by the summer of '42 | would have known this. | mean thisideaintrigued me, | was

not in any position to evaluateit. | can remember alot of talk about counters. Of course counters are the bases that

he was going to use for this, and | can remember once hisreading areview written by a professor of physics (I think

it was Harnwell, the chairman of the physics department) in which the reviewer said you could build counters so fast.

And thiswas faster than John thought they could be built, and | can remember his going over and asking or trying

to ask this professor how this speed was accomplished. John later said, "Well, the professor couldn't really justify

17



this higher speed.” So that would be typical of the sort of information | had.

STERN: What were your initial impressions of Eckert at that junction, the '42 period?

A.W.BURKS: WEell, hewasvery bright and capable. He--how do | want to put this, maybe you could help me, dear

-- it was not easy to get him to help you. He was supposed to be helping...

TAPE VSIDE 2

STERN: But he was still agraduate assistant at thistime, was he not?

A.W.BURKS: Yes, now I think he may have had his master'sthen, | just don't remember. But he was functioning as

alaboratory assistant for that summer course. But he had other projects he was doing, and so when he helped you

he was very helpful, but on occasion it might be hard to get him to help you. So then we would go ahead and do it

by ourselves.

STERN: Goldstine's book relates all of the events|eading to the proposal that was sent to the Army Ordinance

Department on behalf of the Ballistics Research Laboratory. Can you tell me how you became involved in that?

A.W.BURKS: | knew it was going on, and | can remember talking or being involved in the conversations between

John Mauchly and Goldstine.

STERN: When did you meet Goldstine? When did you first meet him?

A.W.BURKS: Well, about as soon as he came, and that was '42, | assume.

STERN: Right, it was'42.
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A.W. BURKS: And | can remember meeting him in the shop, the shop was a place where people often congregated,
and histelling methat he had taught at Michigan -- | had not known him at Michigan -- telling me he had taught at
Michigan, and he knew one of my philosophy teachers- Paul Henle. | can remember his saying, "Well, | know
Henle." And that wasfairly soon after he came and, of course, initially hisjob wasto supervise. He was the military
supervisor of young women like Alicein a contingent that had been sent up from Aberdeen. But then again,
whenever he was there. Now he wasn't posted in Philadelphia at that time. As| remember, it wasonly later that he
was posted permanently at Philadelphia. So hewould be in and he would be out. But we got to know one another

and again he and Adele would go out with usto eat, so | got to know him very well.

STERN: You had already met Alice at thistime?

A.W.BURKS: Yes.

ALICE BURKS: Wemet in July of '42 when | came up from Aberdeen in thefirst group of girls.

A.W.BURKS: Yes, there were 4 or 6 sent up.

ALICE BURKS: Very smal number.

A.W. BURKS: Very smal number, and | remember they were working in that middle room on the south side of the

ground floor, between the shop and, let me call it the ENIAC room, where the ENIAC was built, operating this

calculator then.

STERN: What was your background that led you to that kind of work?

ALICE BURKS: Well, | had attended Oberlin College as amath major and | had had two and a half years and because

I had no more money | asked my math professor there to help me get ajob. He had afriend at Aberdeen and so he
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arranged for me to go there and work there. That wasin June. | arrived there in June of '42 so | was only there about

amonth. But my goal wasto get back to college and when | heard of this project in Philadel phia, University of

Pennsylvania, | immediately applied to go up there and | was sent up there.

STERN: Who else went with you at that junction?

ALICE BURKS: | can't remember. Having been there only less than amonth and working in aroom with one other

person who didn't go, | really can't remember now.

A.W.BURKS: Didn't go? You meanat Aberdeen you were working?

ALICEBURKS: Yes.

A.W.BURKS: Yes, | don't even remember two girlsin the room when | first met you, but there may have been.

ALICEBURKS: Theday | arrived | certainly arrived alone.

A.W.BURKS: Yes, but | think when | went into that room and | was introduced to you, that there was another girl

working theretoo. That'stheway | remember it.

ALICE BURKS: I'm not even sure she came from Aberdeen.

A.W.BURKS: No, she may not have.

ALICE BURKS: I'm not sure anybody else came up from Aberdeen. | don't really remember.

A.W.BURKS: Sol would assume. ..
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STERN: Didn't Betty Snyder come from there? Didn't Betty Snyder come up from Aberdeen?

ALICE BURKS: If shedid it would have been much later.

A.W.BURKS: Oh, | don't think so. | wouldn't have thought so.

ALICE BURKS: No I don't think anybody else came.

A.W.BURKS: | just don't remember that. She was a Philadelphiagirl so | think she was one of those-I would guess

that she was one of those. . .

ALICE BURKS: | think it was more an opportunity for anybody in Aberdeen, who cared to, to come up. And | can't

recall anyone else that came.

A.W.BURKS: But of the group of young women who eventuated there, | guessit was about a hundred or so, most

of those were recruited out of college. Kay McNulty, for example, was recruited after she graduated from her college

in Philadel phia

ALICE BURKS: And weren't they set up in the Towne School and actually given atraining course of some sort?

A. W.BURKS: They were given--yes, there was atraining course and at a certain stage Adele was put in charge of

that training course.

ALICE BURKS: Yes, that'sright.

A.W.BURKS: So often these were young women who had some knowledge of mathematics, but we trained them

21



further in how to integrate trajectories, whereas you never went through any training course.

ALICE BURKS: No, | didnt.

STERN: And Adele clearly came from Aberdeen?

A.W.BURKS: Well, because she was there with her husband.

STERN: She was there with her husband, right.

ALICE BURKS: She hadn't been working there though, | don't believe.

STERN: You first cameto know her up in Philadelphia?

ALICE BURKS: That'sright.

A.W.BURKS: Yes, you didn't know Herman in Aberdeen did you?

ALICE BURKS: No.

STERN: | see. Soyou essentially met each other at the same time that Herman came up on aregular basis?

ALICE BURKS: Wédl, no, Herman came later.

A. W.BURKS: | think Herman probably first came later.

ALICE BURKS: Because there was no group.



A.W.BURKS: Yes, they sent the girlsup first.

ALICE BURKS: John Holberton wasin charge of our program.

A.W. BURKS: But John came later than you did.

ALICE BURKS: Hecame later too, right.

STERN: | know that one of your papers talks about the fact that the women who did thiswork were doing it out of

war necessity; that is, it made sense to have women do this because men were so scarce.

A.W.BURKS: Right.

STERN: But it strikes me as particularly unusual that they were all women, that there weren't any men associated with

this. Did that strike you as odd at the time?

ALICE BURKS: Wéll, not at thetime. There were very few men around and at that time, of course, in our culture the

men did have the supervisory jobs.

STERN: Wasthisregarded as akind of clerical position? Because it seemsto meit required sometechnical expertise.

A.W.BURKS: No. Wemight throw alittlelight on it by looking at, say, the wiring people, who were technical
people. Therewas one young man. But most of them were women, because the men were subject to the draft unless
they were needed for technical work. And essentially what this enterprise consisted in was sending peoplelike
Adele out to the colleges, where she recruited young women who had a major in math, telling them: "come and wel'll

teach you how to become a computer.”
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STERN: Well, it'sinteresting because there is aletter on file at the Moore School from a man asking to be considered

for this position even though he knows that it's ajob mostly for women, he feelsthat he isinterested in detail and he

has some mathematical experience and would they please consider him for thisjob, which | found particularly

interesting that it really was viewed as afemale occupation.

ALICE BURKS: And hewas turned down, was he?

STERN: Well there's no correspondence. . .

A.W.BURKS: | canwell imagine the attitude would be: "Well, it's going to be a problem to have one man among all

of these women. Let's not complicate things."

STERN: He probably wouldn't have thought so.

A.W.BURKS: No.

STERN: It seemed to be anatural from there that femal e computers would become programmers, which happened in

many instances.

A.W.BURKS: Yes.

STERN: But then programming gradually became amale-dominated field and | was just curious about that kind of

transition. | wanted to shed light on that. To get back to the discussion we were having about Gol dstine getting the

proposal from Mauchly.

A.W.BURKS: Yes, okay. Now | can remember a conversation, more than one, in which John was saying, "Well you
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know, Herman, the way to calculate firing tablesisto do it electronically, not on the differential analyzer and not with
young women operating desk machines." He probably said computers operating desk machines because we talked
with--we called these people computers. And Herman saying, "Well give me aproposal, John." And John saying,
"Well, | wrote such aproposal quite awhile ago and gaveit to Grist." And they went off to see Grist to get this
proposal but Grist was not able to produceit, at |east immediately, and theimpression | had at that time was that Grist
had either misfiled it or thrown it away. | mean, in other words, he didn't have it anymore, and it actually turned out at
thetrial that the proposal was found in Mauchly's file with anote from Grist. So | think Grist had given it back to
John, and John had forgotten that he got it back. That must have been what actually happened, but at the timeit was
my definite impression that Brainerd couldn't find it and John was sure he had not returned it. That | remember very

definitely. But John's memory was not totally good on some of those matters.

ALICE BURKS: What did the note say?

A.W.BURKS: Thenote said thisisagood idea, that sometimeit will be appropriateto do it. Those weren't the

words, but it said it's agood idea, but it's not time yet.

STERN: Now, but Goldstine wasimmediately interested in the argument, is that correct?

A.W.BURKS: Hewasimmediately interested so he (to my knowledge they didn't find that proposal, the ‘42 proposal
at that time) and so he said to write anew one. | can remember John and Pres going off and working on this. | can
remember the room. It was in the southwest corner of the building that they worked on this, and at one stage | think
they worked most of the night to finish it up, because in the morning Goldstine picked them up and they went out to
Brainerd's house -- Brainerd lived out on the mainline out near Paoli. Herman picked them up in his car and they went
out to Brainerd's house and picked up Brainerd and then drove down to Aberdeen to make the presentation. And |
can remember Mauchly telling me the next day that he and Pres had continued to write on this proposal while

Brainerd and Goldstine were making the presentation of the part that they had already written.
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STERN: Now inyour paper From ENIAC to the Stored Program Computer you make a statement in which you said

that Goldstine persuaded the Ballistics Research Lab to fund a proposal.

A.W.BURKS: That's my judgement.

STERN: That'syour judgement. Now you don't mention Brainerd in that, so you regard Goldstine as the prime

impetus behind this?

A.W. BURKS: Wéll, that'sagood question. Why did | say that? Brainerd and Goldstine made the presentation. |
guess | left Brainerd out of that attribution of responsibility because he had not pushed that proposal in the first
place. Also | can remember anideathat Preshad, it may have been connected with that sensitive amplifier he made
to measure the field in our first research project of how to make a submarine detector, to detect it magnetically, by
sending a magnetic field downfrom aplane. No, he was going to use a natural magnetic field but he thought he
could make a detector that would be sensitive enough, if flown with an airplane above the water, to detect a
submarine. | can remember his having John Pedley in the shop make some models, and running experiments probably
with that same apparatus that we had used for that first research project. | wasinvolved with adiscussion of this
proposal with Mauchly, who at that time had the office that Brainerd later came to occupy (the first office to the west
of the main office, on the south side near the top of the stairs.) And | can remember John getting down a book, a
German book that told something about magneticsin this connection. And so Pres had thisidea, and Pres and John
and | wereinvolved, at least in the discussion. | think aproposal must have been written. 1'm not sure about that,

but at |east Eckert and Mauchly explained theideato Brainerd and suggested that he ask the government to support
it, but we never felt that he did. Now maybe he did, but | can't recall his saying, "Well, you know | went down and
[..." Well maybe he did ask them -- I'm hedging because | don't remember all the details. But it was certainly our
impression that he had not pushed that idea, and so we had kind of formed the tentative conclusion, let's say
Mauchly and myself, that Brainerd didn't push these ideas, and since he hadn't pushed the computer in the first
instance, | guessit was my natural reaction to think that he hadn't pushedit at all. Now that's not to say that he didn't

do hisbest to sell it when he got down there. But | alwaysfelt that it was the confidence that Gillon and the
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mathematician who was the chairman of the advisory board (Veblen, of the Institute for Advanced Study) had in

Goldstine -- that was the important factor. But that was just my own subjective judgment.

STERN: Weéll, thereisthistalk that Brainerd's job was on the linerelative to the ENIAC. That is, he went out on a
limb and if the ENIAC project didn't succeed he may well have lost hisjob. Do you think that such athing was

possible at the time?

A.W.BURKS: | just don't know. | never had that impression at the time, but then of course | would not be privy to
any discussions between Brainerd and Dean Pender but when | heard that story afew weeks ago (when | wastalking

with Herman Goldstine), it came as a surprise to me.

STERN: Now, asaresult of thisproposal, which was approved in the Spring of '43, Mauchly became principal

consultant, Eckert became chief engineer. Brainerd was project supervisor. At what point did you get involved?

A.W.BURKS: Well | was hired as one of the first workers. That is, | knew about thisthing and | became interested.

John was very encouraging, and because of the relevance of thisto my background, that sort of structure appealed

tome. And | had talked with John, and John was very knowledgeable about mechanical calculators asto how they

worked and how they multiplied and divided and things like that. | naturally wanted to work on it and so | asked to

work it. | was hired almost as soon as anyone.

STERN: Anyone else hired around the same period?

A.W.BURKS: Yes. When we started around June 1, | don't remember the exact date, there were 3 or 4 of usin the

laboratory besides Eckert and Mauchly.

STERN: And you can't recall the names, | assume.
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A.W. BURKS: No.

STERN: What wasit likeinitially working on this project?

A.W. BURKS: WEell, wewerein that large back room and the first task was to develop reliable counters. We had
certain information: Crawford's master'sthesisfrom MIT and aNational Cash Register report. | found out later, |
believe, that the National Cash Register activity was aligned with the MIT activity in electronic digital computing. |
didn't know that at the time. But here was thisreport and it gave the design of athyratron counter, that's a gas tube
counter. Pres'sideawas to take the counting circuits that were known and build them and seeif we could make them
reliable at a hundred thousand pulses per second. This one hundred thousand had been set up asagoal, and it was
not the case that there were reliable counters that operated at a hundred thousand. There were counters that
operated at a hundred thousand, but they were used by physicists to count cosmic rays and if they missed a count
now and then it was only asmall percentage error. So Pres gave me the task of building and testing this thyratron
counter, which | did, and then he would suggest changes to make in the resistors or the capacitor values or modify
the circuit in thisway or other. And the ideawas to see whether we could get this circuit to work at a hundred
thousand. Now the problem with the thyratron or gas tube is that whileit fires easily because the ionization helpsit
fire, it'sdifficult to quench, to turn it off, because the gasis still flowing. We modified the circuit in order to try to
make the turn-off work faster, and so forth. So | would work with circuit and get it working and put in some
parameters and make measurements and diddle with it and then repeat this process. In the end we were never ableto
get that circuit to work reliably at a hundred thousand. | could make it work at a hundred thousand or more but it just
wasn't reliable, and so that circuit was abandoned. In the meantime Pres was working with Frank Mural -- who had
comeon fairly early, | don't remember just when-- on the counter which was based on acircuit of Grosdorf, of RCA,
and | can remember Pres and John visiting RCA and talking with John Rajchman. Generally John would tell me what
went on at such places. It'snot that Pres didn't want to or anything like that, but since | knew John well and | saw
him alot, we would have these conversations. | can remember for example histelling me about these circuits and the
earlier computer project that RCA had. | can also remember getting the impression, probably directly from Pres, that

Preswas not impressed with Rajchman as an engineer.
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STERN: Well RCA was given the opportunity to work with Moore School on this project and turned it down.

A.W.BURKS: That | didn't know at thetime. | remember, if | may interrupt, another fact was that of courseit was
very important to know how well the tubes hold up, and | can remember Pres saying, "We went up there and we
asked these people if we have 20 thousand tubes, how long will they last?' And they couldn't tell us because they
wereinterested only in tubes for radio, and from their point of view the radio was going to be obsolete soon anyhow.
They couldn't give usthose figures, but the telephone people in contrast could tell you that arelay would fail once
every--and Pres would give the figure as 100,000 or amillion operations- | don't remember what the figure was, but it

was avery large figure and | remember that interesting contrast that Pres made.

STERN: All of thisinformation that you got from NCR on the thyratron and from RCA came through the filtering

agent of the National Defense Research Committee. Now there are documents that indicate that NDRC did not ook

favorably upon the ENIAC project; that they regarded it as naive. Were you aware of this sort of feeling on the parts

of the so-called scientific elite who sat on this committee?

A.W.BURKS: | don't remember either way, Nancy. | mean | don't remember being aware of it.

STERN: Y ou don't remember having difficulty getting papers on the thyratron that you were working on?

A.W.BURKS: No. | wouldn't have been involved in that level. | assume that that was Brainerd and Goldstine and

al | remember is John or Pres saying, "Well, we have thisthesisfrom MIT" and | was actually given a copy of the

NCR report so that | could read it, and | read it and | looked at the diagram.

STERN: Becausein your Rackham [Graduate School at UM] talk you said something about the fact that the older

engineers said the ENIAC wouldn't work.
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A.W.BURKS: | wasreferring to the Moore School.

STERN: You werereferring to the Moore School ?

A.W.BURKS: Yes.

STERN: Likewho? Can you give me some names of people who felt that way?

A.W. BURKS: Faucett, the man | taught under, was certainly skeptical, and | had the feeling that Pender was

somewhat skeptical, though | don't recall his specifically expressing skepticism.

STERN: How about Chambers? How did he react to this?

A. W.BURKS: | can remember the first meeting of the engineers. We engineers had relatively frequent meetings.

Chamberswas at the first meeting. He made suggestions and seemed sympathetic, so | don't think he was skeptical.

STERN: No. | don't think hewas. Infact, in many ways I'm surprised that he was not put in charge of that project.

A.W.BURKS: Oh, well now you see the setup was that at the beginning of the war, or when they saw the war was

coming to the United States, | don't know the exact date, Pender picked two people for the two functions; one was

the function of supervising the auxiliary educational activities, such asthe course | took, and a course for Navy

officersand later the ASTP.

STERN: ASTP?

A.W.BURKS: The Army Specialized Training Program. There were also evening courses. | remember going out to

Philco and teaching an evening course, and all of that was managed by Chambers. So Chambers was put in charge of



the auxiliary educational activities associated with the war and Brainerd was the designated director of research. So

the hierarchy was already established.

STERN: I'minterested in knowing what these meetings were like that you mentioned. Eckert was clearly in charge,

you said. Now were these open discussions or wasiit the kind of thing where Eckert said, "Y ou do this and you do

that," and it worked in that fashion?

A.W.BURKS: WEéll, they were always open and in the end assignments would be made, maybe not at the meeting

but, sometimesin the meeting. Infact, | have arecord in my notebook that at a certain stage when we were near

finishing--at this meeting it was said that A would do this and B would do this and so forth. But they were mostly

meetings to discuss what we had accomplished and what to do next. And anyone could speak and giveideas. Eckert

would speak the most and Mauchly would speak the next most. Typically Brainerd was not there and after the first

two or three meetings Chambers was not there. So Eckert and Mauchly and the rest of the engineers, including me,

were there through most of them.

STERN: But you would say it was afree and open exchange of ideas?

A.W.BURKS: Yes.

STERN: And people contributed and Eckert didn't necessarily dominate the conversation?

A.W.BURKS: Wédll, | would say he did most of the talking and he was clearly technically in charge.

STERN: Yes.

A.W.BURKS: But | want to make it clear that anybody could express any idea and this would be discussed

reasonably.
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STERN: It would be reasonably discussed?

A.W.BURKS: Oh, sure. Therewould never be any suppression of any idea or putting anybody down because they

didn't likethe idea.

STERN: Initially you did the research on the thyratron counters and decided that it was not feasible for your use.

What happened then? What did you do after that?

A.W.BURKS: Well, then | got involved in the accumulator some and in the high-speed multiplier. Sharpless had
done some preliminary work on the high-speed multiplier, and | don't remember the sequence of whether | first

worked on the multiplier or first on the accumulator.

STERN: Who did most of the work on the ring counter?

A.W. BURKS: Thering counter that we actually adopted was designed by Pres starting with the Grosdorf circuit
from RCA. For adecade counter, you would have ten flip-flops. And Frank Mural built the circuit and did the testing
under quite close supervision by Pres, and | can remember Pres spending hours with Frank. Mauchly wasinvolved
mostly in discussions with Pres. The key concept that made that counter reliable was an idea that Pres had, which
was to hook all of these flip-flops to acommon cathode circuit in such away that it would be impossible for more

than oneflip-flop to bein the representative state. 1'm sure that wasPres'sidea.

STERN: When wasthat ideain place? Thering counter concept?

A.W.BURKS: WEéll, the counter was, as | recall, working reliably up to 150,000, maybe 200,000 pulses per second.

WEell, "up to" meansthat at 150,000 it began to fail but it was working reliably at 100,000. And it would work with a

wide variation of voltages, because a pulse standardizer had been put on the front end of it, and it would work with a



significant variation of parameters such as resistors and capacitors. Asl recall, Preswas satisfied with it latein the
fall of '43 and, of course, it was the key element. If the counter didn't work, we didn't have the basic arithmetic and

storage device of the system.

STERN: And then at that point you'd worked on the accumulators you said.

A.W.BURKS: WEell, no, you see these things started gradually in away, but they would start early and you would
work on them awhile and then be shifted. So | don't--by then | would expect | was working on both the accumulator
and the multiplier. | was certainly working on the multiplier by late fall of '43. | must have been working on the

accumulator some by then. 1'm not positive.

STERN: | have some difficulty determining what Mauchly's relationship to the group was at that time. Did he
actually make engineering contributions? Was he more concerned with roundoff errors? What actually did he do at

this point?

TAPE2/SIDE 1

A.W. BURKS: Itismy impression when we started out that in the laboratory the hierarchy was that John wasin
chargein some overall sense and Pres was the chief engineer. | didn't expect Brainerd to bein the laboratory or even
to be directing this, because | had worked on research projects for ayear and a half and in general Brainerd would get
the project and give usinitial instructions and then leave us to work alone. So when there were technical questions
to be answered | would go to John or Presor some of the other engineers around there. | might ask Chambers, for
example. In other words I'm making the point that | had never, in my work, gotten any substantial amount of technical
supervision from Brainerd, and so when we started on the ENIAC | didn't expect Grist to give technical supervision.
And I'm not saying that's inappropriate. He was a director of research for all projects, and it was my perspective that
John wasin charge and Pres was the chief engineer, and then the rest of the engineers were on a par underneath. |

might have gotten some of that impression just from my attitude toward John and his attitude toward me.



STERN: But John was clearly on top of all of the engineering developments that were going on at that time?

A.W.BURKS: Yes. Butit also soon became clear that John did not accept the kind of administrative responsibility
of scheduling things and seeing that things were done and so forth that was needed, and that Presdid. | can
remember some change of announcement of titles of these people and | understood Brainerd to be saying in effect,
"Now I'm putting Eckert in charge and Mauchly is the consultant.” Now, how thiswas reflected in their titles or what
Brainerd told them, | don't know. This may have been just my perspective. But that's at least the way | viewed it and

not just as what was going on, but what Brainerd wanted to go on.

STERN: So that at some point after the project began it was at least Brainerd's perception that Mauchly wasn't doing

what he had intended him to do?

A.W.BURKS: That was my perception of Brainerd's view.

STERN: | see.

A.W. BURKS: But that didn't mean that John was not working hard, it didn't mean that he wasn't making technical
contributions. 1t meant that he wasn't doing the administrative things of making sure that an engineer knew what he
was doing; of working out the schedules of deciding what isit we are going to do next. In other wordsit was
administrative decisions John was not making and Pres was making. But Johnwas still very much there on the
technical side. | would more typically ask John technical questions about what to do, and get more information from
John then | would from Pres, just because | knew him better and because in away John was more accessible. You
could always go up to him and get an answer, and Pres might be deeply involved in something and you didn't want

to interrupt him.

STERN: What about what | would call the logical design features of the ENIAC? Y ou would seem to be the most



appropriate person to make some of those decisions. Did you?

A.W.BURKS: Well what kinds of decisions are you talking about?

STERN: I'm talking about whether to have a square rooter, for example.

A.W.BURKS: No, | would not have been the person to make that decision. That was more Mauchly and Eckert,

though | would have been involved in the discussions.

STERN: Youwereinvolved in those discussions.

A.W.BURKS: Ingeneral | wasinvolved in these discussions, yes.

STERN: What about the techniques for round off that were decided upon. Who did most of that kind of work?

A.W.BURKS: WEell, | think the best way isjust to kind of tell the sequence as| saw it. Mauchly was the one who
initially thought about the round-off problem because he had done computations and he knew it was a problem. |
can remember his getting papers on it, and these papers were by astronomers, because the astronomers had done the
most sophisticated calculations. We knew -- | guess everybody knows-- you can round off by throwing afivein,
and then the question is- how would the round off error grow? And that was a question that had to do with how
many decimal digits we were going to store and so we would be discussing this question. Grist hired Professor
Rademacher of the Mathematics Department as a consultant. And so here was Rademacher and here was Grist
saying, "Now what can you do?" And it was John'sidea, as| recall, "Well, let's get Rademacher to cal cul ate what
happened to the round off error." There was a session in which we explained to Rademacher what the problem was. |

was involved in that explanation. Rademacher then went off and did some research and came back.

There were two factors here, to give the details: one factor isthe round off error, and the more steps you take the



more round off error thereis. But of courseit doesn't grow linearly, it grows by some complicated law whichisa
function of the equations, and he used the calculus of variationsto work on that aspect of it. On the other hand, the
smaller interval you take the less the truncation error. Intuitively it's clear that thereis going to be acompromise
somewhere in between. That is, with very small increments the truncation error will go to zero but you can have lots
and lots of steps and the round off error will eat you up, but with very large intervals of integration--considering the
fact that the ENIAC isnot terribly intelligent and cannot be as sophisticated as say the young women computers
were--the truncation error's going to destroy your accuracy. It was Rademacher's task to find out where the minimum
ever occurred when the machine would be calculating tragjectories. | can remember his saying that you could make
theinterval as small asyou like and the round-off error would not increase. Cunningham of Aberdeen was
extensively involved with planning the ENIAC. Sometimes he came to the Moore School, sometimes we went down
and talked with him. He came to the Moore School and we had along session in the inner classroom, and we couldn't
figure out where Rademacher had made a mistake. In the end Cunningham and | found out what mistake he had
made. Asl recall, it was essentially that he was treating the ENIAC asif it were floating point machine, and of course
it wasn't afloating point machine. He was also assuming that you could keep as big an exponent as you needed but
in afloating-point machine you can't do that. We pointed out to him, these things, and he realized that he was wrong
and he went back and worked on the problem again. But we had to choose the number of digitsright away. So the
decision to makeit 10 decimal digits, starting from the accuracy of firing tables, was made, I'd say primarily by

Cunningham and Mauchly.

STERN: Goldstine wasinvolved?

A.W.BURKS: Goldstinewould have been involved if he wasaround. As| remember it from the time he came and
was put in charge which would have been the fall of '42 until sometimein'43 he was not primarily assigned to the
Moore School, so hewould bein and out. Then | can remember later on and it must have been sometimein '43 John
telling me that Herman is now going to be assigned full time to the ENIAC and that Adele would be there and she

would start working full time. That may have been when she started to recruit in '43. Do you know when she started?



STERN: No, | do not.

A.W.BURKS: Soit could bethat her rolein that group came ayear later and | can remember, honey, about the
summer of '43 it must have been, you thought you'd go back to work and you attended afew sessions. Y ou weren't a
student in the course, you were helping Adelein the course, and after afew sessions you decided that you'd rather
go back to school and finish up your schooling. And so you dropped out of that job and then went continuously on
to school until you finished. So it must have been in the summer of '43 that Adele became very activein the business

of training these people. Now she may have done things before, | just don't remember.

STERN: What wasthe spirit of the group? Was it dominated by the wartime cooperation that you frequently read

about.

A.W. BURKS: Ohyes. | mean, everybody felt thiswasterribly important to the war and that we get it done. So
nobody hesitated to work all day and then al evening or comein on the weekends if necessary. Typically we worked
six daysaweek and didn't comein on Sundays, | recall, until things later became very busy and then we would come

in on Sundays.

STERN: How did this compare, for example, with the Signal Corps contract? Wasit adifferent kind of atmosphere, a

different kind of feeling about the war?

A.W.BURKS: Wedll, | don't know that it was different except that, of course, this was a much larger group. Inthe
case of the Signal Corps contract on the antennas it was Mauchly and myself, and Brad Shepherd built some of the
circuits. We built aframework on the roof that would hold an antenna and then in the shop they built a big wooden
mold. Pedley stretched wires across this mold to make wire paraboloid antennas. Some factory in Philadel phia made
the solid aluminum reflectors. John and | had one or two junior people, technicians you might call them, that would

help us mount these things and help us take readings.
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STERN: What I'mtryingtogetat. ..

A.W.BURKS: Soanyway my point, Nancy, if | may interrupt, is that all the projects before ENIAC weretypically
fairly small with not more than half a dozen people. With the case of the ENIAC it got to be a dozen engineers or
near-engineers, and | don't know, twenty wire people and so forth, and it was obviously much bigger and better

organized and so it was a bigger thing.

STERN: Wasthere any sense of here are agroup of relatively young men setting out to do something revolutionary.

Was that part of the atmosphere?

A.W.BURKS: Yes, therewas certainly the ideathat this was novel and we were ahead of everyone else.

STERN: So you had that compounded with the wartime thing, it must have been very exciting.

A.W.BURKS: Yes. It wasthefirst general-purpose electronic computer.

STERN: So there was no question that people realized the importance of this at the time -- the people working on it

anyway?

A.W.BURKS: Yes, weengineersdefinitely did.

STERN: Now, you did work on the multiplier and the divider/square rooter, too, isthat correct?

A.W.BURKS: Yes.

STERN: Didyou work on your own? Were you given direction by Eckert? How did that work?



A.W.BURKS: Well, some of both. Inthe case of the high-speed multiplier, Kite Sharpless had done some
preliminary work. He had made a cross section of the multiplication table to test its characteristics. He had drawn up
the resistor matrix connection appropriate to the multiplication table. And then Pres pulled him off of that and | can
remember Pres saying, "Well, now | want Kite to work on something else and I'd like you to take over the multiplier
and Kitewill tell youwhat itis." Sol sat down with Kite and he told me what he had done and what the general
nature of it wasthat | didn't already know -- I'd already known alot about it from general discussions with John.
After that it was then my responsibility and | would ask questions of John or Pres, more typically John, or ask them
to look at what | did, though it was not easy to get peopleto look at detailed matters, and so | would just rely on my
own decision or ask, say, Kiteto come and check itto seeif that'sthe way it was. Inthe case of the divider/square
rooter | was put in charge of it, but Chuan Chu had come on board and he was assigned to me, and so | outlined how
it wasto work to him -- what the algorithm was, in effect. It wasto be the same basic algorithm of arepeated
subtraction to overdraft and then instead of restoration, going back in the other direction - adding instead of
subtracting. Alternately subtracting in one position and adding in the next position, subtracting in the next decimal
position, adding and so forth. So | explained all thisto Chuan and gave him general guidance of how to do the
circuitsfor this; we'd have to have flip-flops to control whether you're adding or subtracting and so forth and so on.
And then he would work awhile and he'd show me what he had done and ask me about it, and I'd make suggestions.
In the end he was compl etely knowledgeable about the divider/square rooter and did the testing pretty much by

himself.

STERN: But essentially the multiplier design was yours?

A.W.BURKS: Well, I'm not sure what you mean by "mine." The decision to make a high-speed multiplier, to use the
method of multiplying one decimal digit of one number by the whole number in one addition time, was a decision
made by Pres an John primarily. This method comes from desk calculators and Mauchly was the person who knew
the technology of desk calculators and IBM machines. So that decision they would have made, which would involve
having selectors and shifters. We call those two humbers the multiplier and multiplicand, the two numbers you were

multiplying -- for short, "ier" and "icand.” The selector for the "ier" driving vacuum tubesin the resistor table matrix
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and the output going to aleft-hand selector and aright-hand selector, then to aleft-hand shifter and aright-hand

shifter. That general design wasfixed at thetime | started.

STERN: | see.

A.W.BURKS: -- And isthe electronic way of doing what was done in some mechanical calculators and in the IBM

601.

STERN: It wasat thistime, and I'm talking the 1944 period, that Brainerd prepared areport for the Applied

Mathematics Panel. Were you familiar with that report?

A.W. BURKS: Well, | remember the variousincidents involved in connection with that.

STERN: What interests meis how would Brainerd know enough about the design of this, considering the fact that

he did not participate in the discussions, to prepare such areport?

A.W.BURKS: Well, first of al wedid prepare reports of the ENIAC project every six months.

STERN: Who prepared those reports?

A.W.BURKS: Thefirst one--various people were assigned to write chapters or pieces of it -- and | think | was
assigned to coordinate them. Then after that | wasin charge of the reports, so to speak. Whether | had aformal
assignment from Brainerd, | don't remember, but it was clear that it was my job to be responsible for them. |
discussed with him what wasto go in, of course, but then | would carry it out and did most of the writing. What was
written went to Brainerd and he looked at it. He had some information about that and | don't want to give the
impression that he never came down or anything like that. But he was not close enough to it to make the decisions

and give technical supervision, thought he had considerable general knowledge about what was going on. Still it



was my judgement and John's judgement and Pres's judgement that he really didn't know enough to write the Applied
Mathematics Panel report, and | can remember John complaining rather bitterly that Brainerd had been asked by the
panel to write this report and that John and Pres didn't think it was fair that Brainerd alone should be writing the
report because of the credit implications-- and that they were skeptical that he even knew enough to writeit and |

shared that skepticism.

STERN: | see. Now, it did have to be rewritten according to what Eckert hastold me.

A.W.BURKS: Well, what happened was that there was a big brouhaha about that and, as | recall, John and Pres

talked with Herman about it. And | think they went to Pender and complained, and in the end it was worked out that

it would be ajoint report. Was Herman an author then?

STERN: Yes.

A.W.BURKS: Yes, infact it seemsto me they went out to Pender's house one Sunday to talk about that, but I'm not

positive. But asaresult of their complaintsit wasin the end decided that areport would be written by all four. Now,

who wrote each part, | don't know.

STERN: Mauchly during this period did some work down at the Naval Ordinance Laboratory.

A.W. BURKS: Hewas aconsultant and he went down there occasionally, | don't remember how often but |

remember histelling me that he was a consultant, and | remember his being gone.

STERN: Did he speak to Atanasoff at that time?

A.W.BURKS: Asl recall, hetold methat this man Atanasoff, whose computer he had visited, was in charge of this

laboratory and was making him a consultant. That's the way | remember it.
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STERN: Sothat at |east one of his motives for going down there was to find out more about Atanasoff's work?

Would you say that's correct?

A.W.BURKS: No. | don't remember whether he said that Atanasoff asked him or whether he said that he asked
Atanasoff. | guessall | remember isthat he said that he could consult for the government through Atanasoff's
operation and was going to do so - one day aweek was the original plan maybe, but whether he held to that | don't

remember.

STERN: But Atanasoff was not working on computers at that time when he was working for the government?

A.W. BURKS: No. No, I didn't understand that this was a computer consultancy at all. 1 don't remember what John

told me he'd be working on.

STERN: What I'm curious about at this point is Mauchly's perception of whether he would be getting more

information about el ectronic computing devices from Atanasoff.

A.W.BURKS: | never got the impression that when John was going to do this consulting job he expected to get
more knowledge about computers. Indeed, John's attitude was that he and Pres already knew much more about
computers than Atanasoff did. So it was not that he was to be consulting on computers. Now at some stage Pres and
John did talk with Atanasoff about mercury delay lines and he might have said that this had something to do with

mercury-delay lines, but | don't remember that.

STERN: At thetime do you think that if someone were to have asked Mauchly in 1943, 1944 whether hisideaswere

based to any extent on Atanasoff's work, do you think he would have said yes at that time? It's ahard question.

A.W. BURKS: | don't know. He had told us about the calculator and | knew roughly how it worked. That is, it had
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the drum and it had the electronics for calculation and it was a machine for solving simultaneous algebraic equations.

That he mentioned on several occasions. The question of what ideas he got was never raised.

STERN: It just simply was not raised?

A.W. BURKS: No.

STERN: Getting back to the 1944 period, in September of ‘44 Eckert sent around a note asking all engineersworking

on a project to sign a patent release form.

A.W.BURKS: Yes.

STERN: Wasit your perception that it was an official request from the Moore School or that it was an Eckert

request?

A.W. BURKS: My perception was that Preswas acting in hisrole as chief engineer as arepresentative of the Moore

School.

STERN: And that therefore. . .

A.W.BURKS: It wasonthe Moore School stationery, | believe.

STERN: It was on the Moore School stationery. Now Eckert was really going to apply for the patent on his own

behalf and not assign that patent to the Moore School. Were you aware of that at thetime? At |least that's what

happened eventually.

A.W.BURKS: WEell, you don't mean to be talking about the patent as awhole but the private rights. Because it was



always clear that the government had aroyalty-freelicense. It was my understanding-- and | certainly got some of
thisfrom Mauchly and | may have got some from Herman -- that the private patent rights were to go to Eckert and

Mauchly and this had somehow been settled early. That was my impression at that time.

STERN: So that your signing of this, wasit based on the belief that you were doing something that the Moore

School wanted you to do? Because there was some controversy about this during the trial.

A.W.BURKS: Yes. Well, now the letter specifically asked what patentable ideas we had and | had--1 was naive

certainly on this and had no idea of what a patent really was. | knew that they existed and it didn't occur to me that

any of my ideas were of a patentable nature. | thought that Eckert and Mauchly were entitled to the patent -- [that it]

should bein their name because it was their ideato build the ENIAC and they had the general overall design and

they were in charge of the devel oping.

STERN: Yes.

A.W.BURKS: In particular, at that timeit never occurred to me that the logical design would have been a patentable

item, and the idea that Seymour Y uter later put forward -- that the whole group could do something and be inventive -

- that ideawould never have occurred to me.

STERN: Brainerd was upset about the form coming from Eckert.

A.W.BURKS: That'stheway | heard it later. He never told me that he was upset.

STERN: So that at the time you were never aware of any difficulty between . . .

A.W.BURKS: No, | was not aware that there was any question at all about this or that it was Pres's own decision

then and had not been approved by the Moore School. | would not have know that at all. Infact, | would have



assumed just the opposite because Brainerd certainly knew that the letter went out at some stage. So | assumed that

it must have been al right with him.

STERN: Shortly thereafter Brainerd resigned, at least from the EDV AC which came about right after that, the patent
release form was in September, the EDV AC was a supplement to the ENIAC contract in October of that same year.

And shortly thereafter the best | can pinpoint was by January of '45 Reid Warren was now project supervisor.

A.W.BURKS: Not for the ENIAC, but for the EDVAC.

STERN: Yes. | don't know the precise date for that change over, but it was for somewhere in that period.

Now, let me give you the two sides and then you can tell me your view in this. Brainerd claims he resigned--he said
at thetrial he resigned in protest -- because of this patent release matter, because the M oore School did not pursue
the right to have the patent assigned to them. That'swhy he resigned iswhat he claimed. Eckert on the other hand
saysthat hethreatened to resign if Brainerd wasn't removed from the EDVAC project. Can you shed any light on

what happened during that period?

A.W.BURKS: | did not know thosethings. The last fact about Pres | had not heard before you mentioned it just
now. | remember very distinctly that Reid Warren was put in charge of EDVAC. That was perceived by us, and it
was presented to us that Brainerd had too much to do. Certainly | was not told that Brainerd had resigned on any
principles. Now there are different principlesinvolved herein the patent, too. One was the question of whether
Eckert and Mauchly should have the private rights or whether the University of Pennsylvania should have the
private rights. The other was the question as to whether that letter should have been sent out by Presand in
particular whether, for example, all engineers should have been called together with Brainerd saying, "Well, here'sthe
patent situation and thisis how patentswork." In other words they could have given us all kinds of explanations

before such aletter came and they did not. | did not know that Brainerd had resigned until | heard that recently.



STERN: But based on what you're telling me there was some controversy over this patent matter in late '44?

A.W.BURKS: Well, there was definitely a controversy. | understood the controversy to be a controversy between
Eckert and Mauchly and the management of the University. | can remember Eckert and Mauchly going with

Goldstineto McClelland's office over this controversy.

TAPE 2/SIDE 2

STERN: McClelland being the president of the university at that time?

A.W.BURKS: | forget histitle, but he was the chief officer. That was an issue not as to whose names the patent

should bein. That was never an issue to my knowledge at that time, but a question of whether the university or

Eckert and Mauchly should own the patent rights. That's what my understanding of that controversy was. | knew

that Brainerd was involved in these negotiations and that he would have gone with him probably. | would have

expected him to be involved in these negotiations. | did not know that he had resigned on any principle concerning

the outcome of these negotiations.

STERN: Well, that's his statement on the Honeywell trial that that's what happened.

A.W.BURKS: Sure.

STERN: But | wasn't clear from my reading of the transcript whether this was an issue that arose as aresult of the

trial or whether actually in '44 there was a patent controversy.

A.W. BURKS: Oh, there was definitely the controversy that | described between Eckert and Mauchly on the one

hand and the university on the other asto the private rights of this patent.



STERN: And also you mentioned earlier that there was some concern as to whether it was proper for Eckert to send

this notice around without first consulting the school itself.

A.W.BURKS: | didn't know that there was any concern in the Moore School administration that this was a problem.

That never cameto me. Thefirst timel ever knew that was after | got to working with Y uter on the claims that Shaw

and Sharplessand | had. He showed me documents: areport that Warshaw wrote after going down to Washington,

and areport of the meeting between Eckert and Mauchly, Goldstine and von Neumann and Dean Pender, etc., at the

Moore School in the spring of '47.

STERN: That was adifferent issue. That was over the stored program concept which is different from this one.

A.W.BURKS: Wéll, but at that time, as| recall, Nancy, in the minutes of that meeting the issue of this|etter that

Eckert had sent to the engineers came up at that time.

STERN: | see.

A.W.BURKS: That wasthefirst timethat | knew. So thiswould have been 1964 or later that | knew that Pender ever

objected to that. | certainly didn't know it at the time.

STERN: Okay. Now we aretalking about '44. Thiswas the period in which von Neumann came to the Moore School.

A.W.BURKS: Yes, he probably camein August of '44, right.

STERN: There seemsto be some difficulty with the date. The clearance letter reads September of '44.

A.W.BURKS: Well, that's not very relevant.
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STERN: Would | be correct in assuming that von Neumann could have come to the Moore School before he had

clearance to the Moore School ?

A.W. BURKS: Onh, definitely. | think the clearance issue was this: von Neumann had the highest possible clearance
because he was a consultant to Los Alamos and he was one of the few people who worked on the A -bomb who
could leave Los Alamos. | mean most of the scientists of Los Alamos had to stay there for security reasons as they
didn't want them going elsewhere and visiting. He was a chief consultant, a very high consultant to Aberdeen. Our
security was alow grade security. It wasthe lowest as| recall, restricted maybe was the term. We were not
supposed to talk about it in general but if wereally needed to tell somebody about it in order to get some useful
information, we asindividuals had the right to do that. That's the way | remember the security so it wasreally quite a
low grade of security. So there would never have been a question of von Neumann ever needing security to consult

onthis.

STERN: But your recollection isthat he did come in August?

A.W. BURKS: Wéll, now the dating of August, | may be relying somewhat on what Herman said. But on the
security | can remember something that is, | think, quite relevant to this. He came once at least and maybe twice, and
then Herman told me, "Well, von Neumann is coming down and he's coming down with another mathematician from
the Institute," and he gave me the name. | remember the name--the guy that came--there was clearance in that | etter
for two people, not just von Neumann. It was von Neumann and Alexander and Herman saying, "Well, you know
Alexander isacommunist and he marches in the Mayday parade. He's anice guy and he's abright guy and he's
produced alot of good mathematics, that's why he's a member of the Institute. But he'sacommunist,”" and kind of
laughing about this and Herman's presenting it as a contrast between this man who was clearly a member of the
establishment to be a member of the Institute for Advanced Study and afull professor and so forth. And yet he
would go march with the workersin the Mayday parade. Now | didn't know any more, but it would be my immediate
guess that they wanted the clearance because of Alexander's communist affiliations. And as| recall that letter it

mentions Alexander's as well as with von Neumann and clearance for these people. And | remember very well the



meeting and | remember having this session in aroom where we discussed these things and Alexander was trying to
explain to me why a counter wouldn't work. Well let's start with aflip-flop. Inthe case of aflip-flop it has two states-
- it hastwo inputs and two states, the set state and the unset state. And if you push the set input when it's already
set nothing happens. If you push the unset, similarly. So there'sno real conflict init's operation. A counter consists
of taking those two inputs and connecting them to make oneinput. Y ou want areversal eachtime soif it's set it will
unset and vise versa. Well, this does make a static conflict in the sense that'siit like ateeter-totter. At acertain stage
it'shalf on and half off, and what Alexander couldn't understand is why when it got half on and half off it didn't sit
there and then go back. | tried to explain to him the dynamics of it, that the condensers are charged in such away
that it will go over. And he never understood, and he never seemed to accept this. So | remember that visit very
vividly, and | remember very vividly that this was not the first visit by von Neumann because on thefirst visit,

Alexander wasn't there.

STERN: What was your impression of von Neumann coming to the Moore School at this junction?

A. W.BURKS: What kind of impression do you mean?

STERN: Well, we talked about the fact that this was a young group of people working on the ENIAC and really

going to prove that you've got something very exciting going on, and here's one of the most eminent mathematicians

in the world coming to look at this.

A.W.BURKS: Yes, itwasagreat thing.

STERN: Because people have told me they didn't know much about von Neumann. His name didn't mean much to

them, you know they're engineers, and you were a mathematician so you clearly knew about von Neumann.

A.W.BURKS: Well, Herman is the one who made the arrangements, and Herman certainly told us who von

Neumann wasif we didn't already know. I'm not sure| knew von Neumann's name before, Nancy. Von Neumann had
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done work in mathematical logic and set-theory and | knew alittle of set theory but whether | remembered von
Neumann's name, | don't know. So Herman certainly let us know who von Neumann was and it was immediately clear
that he was a distinguished person. So at least among the three of us, Johnand Pres and |, we were greatly

impressed by this.

STERN: And when he came what were your impressions of him?

A.W. BURKS: That hewasavery amiable and friendly person, cheerful, obviously very intelligent, and obviously
interested in really understanding things down to details. | can remember one occasion when the five of us-- it was
Goldstine, Mauchly, Eckert, Burks and von Neumann -- tried to explain how one aspect of the ENIAC worked, and |
thought the explanation was clear. Von Neumann clearly couldn't understand, and in fact there was something

missing. | mean we were assuming alot that we hadn't yet told him.

STERN: Butonce...

A.W.BURKS: But hewas not the kind of guy who would say, "Oh yes." That is, if there was something missing he

told you "l don't understand it," he said.

STERN: But he understood enough about engineering to be able to pick up the concepts once you explained all of

them?

A.W.BURKS: Yes. Now he would not have understood some of the details of the tubes, of course, and why we
would be using this tube rather than another tube. So he was not current on engineering details, but he understood

the concepts very well.

STERN: Now he came in the August-September period of '44 and in October the EDV AC supplement to the ENIAC

contract was let by the government.



A.W.BURKS: Yes.

STERN: Would you say that it'safair statement to say that hisinvolvement played some part in the acceptance--in

the Army's acceptance of the EDVAC contract. Do you think it would have succeeded without him being there at all?

A.W.BURKS: Well, | don't really know anything about the negotiations that went on. | assumed at the time and |

guess | would still assume that the Army was impressed enough by what we were doing that they had confidence in

us and that they would have given it, but | don't really know. | guess| had alot of confidence that they had

confidence in Goldstine, and they certainly showed confidence in what we were doing. And we had given them

these reports, and we had observable resultsin the ENIAC project.

STERN: Yes.

A.W.BURKS: Again I'll putitthisway; | wouldn't have thought at the time it would have been necessary to get von

Neumann's approval in order to get that support, but | don't really know.

STERN: It would just seem to me that chronologically hisinvolvement would have at |east bolstered it.

A.W.BURKS: Ohit certainly wouldn't do any harm, but that it was needed | guess | would be skeptical. But I'm

really guessing on that.

STERN: Can you tell me something about these so-called meetings with von Neumann over the EDVAC concept?

A.W.BURKS: Well, hewould come and | guessthefirst couple meetings were mostly explaining how the ENIAC

worked, but he would have been told about the EDV AC concept since it was under way at thetime. And then he

came back in March of '45 and he was there a coupl e of days or he came two dayswith agap, | can't remember which,
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two or three days. We went up into the classroom which was on the west side of the second floor -- the big, big

classroom -- and talked at length about the plans for the EDVAC.

STERN: How did those meetings compare with theinitial meetings on the ENIAC?

A.W.BURKS: WEéll, intheinitial meetings on ENIAC, of course, it was more our telling von Neumann how the
ENIAC worked. There were other discussionsinvolved. | can remember, for example, his pointing out--this was the
first timel remember hearing it--well maybe you don't really need adivider because by the iterative method it wouldn't

take too many accumulators and the multiplier to do it.

STERN: Yes.

A.W.BURKS: And | think he may have made that point before we made the final decision for the divider, to make
the divider for example. But in the end the divider/square rooter took only one panel anyhow and so it seemed a

reasonabl e thing to do rather than make another accumulator.

STERN: Y ou weretalking about the free exchange of ideas over the ENIAC when you werefirst involved in the '43
period and | wondered how von Neumann's presence affected similar meetings relating to the EDVAC in '45.
A.W.BURKS: Weéll, there was a perfectly free exchange. Now the meetings were different in the sense that the
engineer meetingsinvolved all of the engineers and some of the technical people. For example, there was an
insurance salesman who was a radio man and who was half way between an engineer and awiring person. Thevon
Neumann consulting meetings had von Neumann, Goldstine, Mauchly, Eckert, and Burks, and maybe some others
like Sharpless sometimes or Adele some of thetime. These were not meetings of the whole engineering staff. They

were smallish meetings but the discussion was equally free. We didn't put any constraints on the discussion.

STERN: Well, we said that Eckert really dominated . . .
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A.W. BURKS: The engineer meetings were, you might say, more directed towards specific tasks and so forth and so
Pres would have been in charge of the meeting. In the case of consulting it was much more equal, with von Neumann

talking alot, Goldstine talking alot, Pres and Mauchly talking alot, and | talking some.

STERN: Yes.

A.W.BURKS: Sol wouldn't say that Eckert was dominating the conversation while von Neumann was there -- but |
don't think you'd say von Neumann was, either. 1'd say it was pretty equal and Mauchly would speak alot and

Herman would speak alot.

STERN: From thetime that the EDVAC contract was let until thefollowing year . . .

A.W.BURKS: If | may interrupt on this, Nancy, we were of course working--they were thinking about the EDVAC

before the contract was let, and it was a matter of getting more money so we'd have more time to devoteto it.

STERN: Did thistake away from the work being done on the ENIAC? Could the ENIAC have been completed earlier

if the EDVAC contract wasn't being done?

A.W.BURKS: No. By thetimethe EDVAC contract waslet most all of the design of the ENIAC wasfixed. Now the

divider/square rooter probably wasn't done, and certain aspects of the second unit may not have been done and so

forth. The constraints at this stage were more a matter of wiring it up and testing and things like that, and people

wereworking terribly hard. People didn't take that much time away from the ENIAC to work on the EDVAC.

STERN: Did you take away that much time?

A.W. BURKS: No.



STERN: Your primary responsibility was till onthe ENIAC?

A.W.BURKS: | wasworking onthe ENIAC, yes.

STERN: And aside from these meetings with von Neumann did you spend very much additional time working on the

EDVAC?

A.W.BURKS: No. Now, we've got to be careful about the role of John, you see, because in this period, roughly the

academic year '44 t0 '45, as| understood it at the time John was only to have consulting responsibilities for the

ENIAC, because he was to be working on the ENIAC patents.

STERN: John Mauchly?

A.W. BURKS: John Mauchly. Andwhileworking onthe ENIAC patents, as| say, he was working on other ideas as

well, including EDVAC ideas. He was thinking some about it. There wasn't that much done on the EDVAC before

the meetings of March '45. There wasn't so much done that it subtracted from the ENIAC.

STERN: The ENIAC'sfirst problem wasin the fall/winter of 1945. The Los Alamos problem.

A.W.BURKS: Yes, | dateit as having started on the machine in December, but that may not be quite right.

STERN: December of '45.

A.W.BURKS: Yes.

STERN: Wereyou involved on that test?



A.W.BURKS: Well, invariousways. Not centrally. | can remember Metropolis and Frankel coming and a session
in which Holberton was there and Mauchly and Eckert and Goldstine and they were explaining to ustheir task. Now,
they madeit very clear that they couldn't tell us what the equations were. And then we were to explain something
about the ENIAC. So we explained things about the ENIAC and then we gave them reports. So | wasinvolved in

that initial, you might say, "education” of them.

STERN: Excuse me, if | may interrupt aminute. Was von Neumann responsible for Metropolis and Frankel's coming

to the Moore School to work on this project?

A.W.BURKS: Yes. My knowledge of that would have been what Goldstine said: something like, "Well, von

Neumann knows these peopl e that have this problem, and they're going to put it on the machine.”

STERN: One of the articles | worked on was critiqued and someone -- and | don't know who -- said that Dana
Mitchell was responsible for Metropolis and Frankel coming to the Moore School. Do you know anything about

that.

A.W.BURKS: WhoisDanaMitchell?

STERN: | don't know who DanaMitchell is. | just had this[comment].

A.W.BURKS: WEell, responsibility, of course, isacomplicated matter. It wasmy understanding at the time and it's
still my understanding that Herman consulted with von Neumann and von Neumann was a consultant [and] he knew
they had these problems. Herman didn't know anybody at L os Alamos other than von Neumann. | can remember
Herman saying, "Well, von Neumann goes out to this place," without telling me what the place did, and how much
Herman knew what the place did | don't know. But it was certainly my impression that it was through von Neumann
that Metropolis and Frankel were coming to put this problem on, and that Goldstine had arranged it with von

Neumann. Now, this other person may well have played arole at Los Alamos or played another role that | don't know



about.

STERN: By December of '45 the atomic bomb had aready beendropped.

A.W. BURKS: Right. Okay, sowe knew what Los Alamos did but now when was the plan made that they should

come, do you know?

STERN: It wasthefall.

A. W.BURKS: Yes, September. Okay. So we knew that there was the atom bomb, | had forgotten the timing there.

So then we knew what von Neumann had been doing. Before we knew he was doing something mysterious. By then

we did know what he was doing, right.

STERN: | wasjust curious. Was your perception that the ENIAC was complete at that point?

A.W.BURKS: No.

STERN: Were you testing the machine with this particular problem or was the problem going to be given a solution.

A.W. BURKS: Wefelt that the machine would work. Wefelt that it ought to be proved that it worked and thisisa

good way to prove that it worked.

STERN: Yes.

A.W.BURKS: Soitwastesting it inthe sense that we wanted to test it and show that it worked too. But testingin

the sense that it would show the skepticsthat it worked but it would also be a better test than little piece tests on the

thing because here would be the whol e problem and we'd see if the machine worked on the whole problem. So it was



both being tested and we hoped it would solve a useful problem.

STERN: Onewould have thought that a ballistics problem would have been put on to the ENIAC asthefirst problem

since that's why the machine was built in thefirst place.

A.W.BURKS: WEell, but you see the war was over so the rush for firing tables was no longer there. Remember the
idea of the ENIAC was that once you make a new shell or gun or something--this was the way | understood it--you
fire the shell through coils and determine a resistance function for that shell out of that gun. But now to make afiring
table you have to take that resistance function and recompute all of the trajectories. So there was atime lag between
having the empirical resistance function and preparing the firing tables and it was the time lag that the ENIAC was to
whip. Well, the time lag was clearly only important because of the war. Y ou weren't going to develop new guns and
shellsvery fast so that the original motivation for ENIAC ceased to exi st when the war ended. That is, the original
financing motivation of the firing table problem. Obviously, the machine would be used to make firing tables but
therewasn't any great [need]. Sol just understood, well, there's no great need for afiring table now and here's an

interesting problem. And thereisaneed for this problem.

STERN: There has been some discussion in various articles about whether the ENIAC was a general purpose or
specia purpose computer. | noticein your article you call it ageneral purpose computer. Do you think there is any

credenceto calling it aspecial purpose machine?

A.W. BURKS: No, there'sno credenceto calling it that. | think the concept of general purpose needsto be defined.

If you think of a stored program computer of the kind we have now it obviously has alot more capabilities than the
ENIAC had. Wedid think of the ENIAC as a machine that might be used to rearrange trajectories to make firing
tables. Butin general you didn't think of the ENIAC as a machine that would be good for data processing because it
had too limited astore. But we certainly thought of it as a machine that was capable of solving awide variety of

problems.
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STERN: Asopposed to, for example, the Atanasoff machine which was clearly a special purpose machine.

A.W.BURKS: Yes. Right.

STERN: | just want to sum up thistape.

A.W.BURKS: Or theideaof the I BM 601 which was clearly alimited device.

STERN: There are those that claim that is not proper to call the ENIAC acomputer at all.

A.W.BURKS: Because?

STERN: Because in some connotation, in some context, computer means stored program machine and the ENIAC
was not a stored program machine. Do you think there's any credence to that? What would make the ENIAC a

computer in your terms?

A.W. BURKS: Without having the capacity to storeitsinstructionsin read/write form, it stored itsinstructionsin
read-only form by setting switches and plugging cables, and it computed the solution to all kinds of problems. |
don't know why it shouldn't be [called acomputer]. Well, maybe your question is, Nancy, isitageneral purpose
compulter if it's not a stored program computer? And the answer that | would give isthat ageneral purpose
computer isamachine which is general purpose in the sense of being able to solve awide variety of problems. And
Atanasoff's machine could solve only one particular type of problem: finding the roots to simultaneous equation.
Now, there are many variants to the problem depending on what the equations are but | would think of that as one

problem. The ENIAC could solve al kindsof problems.

STERN: So that you would categorize Atanasoff's machine as a special purpose computer. . .



A.W.BURKS: Oh, no problem with that.

STERN: And the ENIAC asagenera purpose computer, and now what | want to know iswhat would--what makes

both these machines computers as opposed to cal culators?

A.W.BURKS: Well, I'm not sure that whether you're asking an historical question about words or not. When you
think of it thisway, | would say in a sense that Babbage's difference engines, built by Schputz, were computersin the
sense that they had awhole bunch of registers and that they could transfer information around in these registersin a
much more sophisticated way then a desk calculator. A desk calculator has an accumulator to store the answer in a
couple of registers. And it could do afew limited arithmetic operations. So it's aspecial purpose computer, but it'sa
very limited variety. Assoon asyou go to the difference engine, for example, you have something more

sophisticated. Now you could say, "Well, isn't there a continuous line?" Sure there's a continuousline.

STERN: What about speed, does that enter into the definition of computer as opposed to calculator?

A.W.BURKS: Wéll, | would call some of these the little machines that Alice has on her desk a calculator even

though it's electronic. So | don't seethat speed isarelevant feature. Speed, of course, depends more on the

technology than the logical structure or architecture.

STERN: Eventaking in the 1940s you would not have said that speed would make something a computer as

opposed to a calculator?

A.W.BURKS: No, because | would have said that Harvard Mark | was as much of acomputer as ENIAC, only it was

slow because it was el ectromechanical.

STERN: But itsversatility was responsible for it being considered [a computer].

59



A.W.BURKS: Yes, it was comparablein versatility as| remember. It had more registers and more accumulators.

STERN: Okay. I'd like to sum up this phase just by asking you one thing that we had discussed in correspondence
and that is whether you perceived of any science versus engineering dichotomy while at the Moore School at that

time?

A.W.BURKS: Science and engineering?

STERN: Yes. You, Goldstine, von Neumann were mathematicians, essentially scientists, pure scientistsif you will -
at least by training. Y ou were working with many men that were engineers. Was there any sense of controversy of a

dichotomy in attitudesthat existed at a time based on your backgrounds?

ALICE BURKS: Mauchly was a scientist also.

A.W.BURKS: Hewasaphysicist. No, therewas no perception of that. And, of course, Preswastrained as an
engineer and my training in engineering was more recent and more minimal than that. Mauchly wastrained asa
physicist and then he had roughly the same training as an engineer that | did, but obviously he was a physicist. He
had done all kinds of engineering related tasks. Goldstine we would have thought of as more than a mathematician

because he hadn't had the amount of engineering training that the rest of us had had.

ALICE BURKS: Y ou mean as more of amathematician.

A.W.BURKS: More of amathematician, right. And thenindeed he had gotten involved in the technical aspects of it
later because originally he was there only infrequently, and then after he came he was more administrative, but he
gradually got into the technical aspects and we always thought of him as someone who understood the technical
aspectsvery well. Von Neumann was presented as a physicist/mathematician. His book on the theory of games had

come out not too long before, but it soon became clear that he knew enough engineering that we could talk with him



about engineering.

STERN: Wédll, but it ssemedtome. ..

TAPE 3/SIDE 1

A.W.BURKS: You'vegot to remember that logical design was not separate from engineering design at that time.

STERN: It wasn't in anyone's mind?

A.W.BURKS: Wadll, it wasn'tin actuality. Thatis, you couldn't do alogical design of an accumulator circuit without

knowing enough electronicsto do it right. So it was partly not a separation in mind, but it was also a matter of the

technology.

STERN: Would you say that von Neumann's main interest was, however, in logical design and not in hardware? If |

can make adistinction.

A.W.BURKS: No, | wouldn't say that. | would say his EDVAC report was more a contribution of logical design

than hardware, but he was certainly interested in the hardware, and after all he suggested the use of a cathode ray

tube as a storage device and that's a hardware concept.

STERN: So that I'm making adistinction that really did not exist at that point?

A.W. BURKS: Wewould have thought of von Neumann as less of an engineer than Mauchly, of course, and von

Neumann would have thought of himself as less than an engineer than Mauchly, just to give acomparison.

ALICE BURKS: Some of thisdistinction did exist outside of the project. | would think that people inside the project
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knew. But | certainly heard when | was starting to date Art that he was just a philosopher. He'saPh.D., but just a

philosopher | was told.

A.W.BURKS: Yes. Okay. Fine.

ALICE BURKS: Thisdistinction was made but | think anyone that worked with Art directly knew that he could make

acontribution to the engineers.

A.W. BURKS: WEéll, | suppose in the same way that people would have thought von Neumann's a mathematician.

ALICE BURKS: | think there may have been some of that there.

STERN: My perception isthat wasn't the case. | think Art's position wasavery unique onein that | think you were

accepted as both an engineer and as amathematician. But my sense of it isthat von Neumann was not. He was

accepted as a mathematician, primarily.

A.W.BURKS: That was not my perspective.

STERN: But Aliceissaying that to some extent that kind of thing did exist.

ALICE BURKS: That thinking was there and, well | wouldn't want to sound prejudiced about engineers, but | think

there may be something of a cultism there, | don't know.
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A.W. BURKS: WEell, are you suggesting, Nancy, that Mauchly and Eckert regarded von Neumann as more a

mathematician and less an engineer?

STERN: Yes, | would say that.

A.W. BURKS: That maybe. It would never have been reflected in our conversations or anything like that.

STERN: And | would say they had the same feeling about Goldstine.

A.W.BURKS: Wéll, I think it'safair feelingabout Goldstine because as | say Goldstine never had any electronic

training, and by the end of the ENIAC | had been an el ectronics engineer, you might say, from '41 to '46 - for five

years. And, of course--but von Neumann, you know, had a degree in chemical engineering and we knew that.

STERN: But the cultism that you mentioned, | think it's a good word, about how engineers would feel about

non-engineers.

ALICE BURKS: Yes, | think there's still some of that.

STERN: And | think thereis also, by the same token, afeeling amongst pure scientists that an engineer is somewhat

narrow.

ALICEBURKS: Yes.

A.W.BURKS: Yes.

STERN: And | wondered if you sensed any of that at that time.



A.W.BURKS: | wouldn't have sensed it at the Moore School. | remember sensing it at the Institute. That some of
the people at the Institute didn't feel that was quite appropriate for the Institute to have a computer, for example,

because that was engineering and the Institute was mathematics and theoretical physics.

STERN: Okay. We had gotten up to the 1945 period. Were you aware in 1945 that Eckert and Mauchly would

become interested in commercial computers?

A.W.BURKS: Yes, | knew at a certain stage that Pres and John wanted these private patent rights so that they
could found abusiness. | knew it some from them and when it was actually done, they invited meto participatein the
business. Towork for them. And when | first knew this| don't know, but | would have known it by '44, | would
guess. And certainly | knew it at the time that von Neumann was setting up his project. There were discussions, and
| heard of these through Herman mostly. There were discussions between von Neumann and the Moore School
about the possibility of von Neumann participating with the Moore School design of a stored program computer. But
those didn't work out, so at one stage von Neumann decided to start a project. Herman told me about this and told
me that he was inviting Pres and he invited me. At some stage he told me alsothat he didn't know whether Pres
would come because Pres was thinking seriously of setting up abusiness. So | knew it both from what Herman said
in his negotiations with him and directly from John and Pres. 1'd gotten it mostly through John but Pres would have

let me know it too.

STERN: You said that there was a possibility of aproject that von Neumann would work on with the Moore School.

Why didn't that work out?

A.W.BURKS: | was not involved in the negotiations, so | can only give you theimpression | got from Herman
which was that the Moore School would not really move or make any commitments. | know that Herman thought that
the Moore School ought to offer Eckert and Mauchly professorships, since they had now [completed] this great
accomplishment. This seemed to me to be areasonable thing that they should do, but it was clear that they weren't

going to do that. So, in other words, Herman thought -- and this would fit with my own perception of the Moore



School -- that the Moore School was not willing to make the really necessary commitments to have aviable project
there at the Moore School. That is, von Neumann wanted a computer that he could use and if the Moore School had
moved and had a good organi zation that was committed to making a conputer and von Neumann could have some
role and useit, I think von Neumann would have been happy with that arrangement. And Herman would have been

happy with that arrangement.

STERN: Well, Herman has said that he felt he wouldn't have been happy with the M oore School arrangement

because the mathematical capability of the Moore School was not what it was at the I nstitute or at Princeton.

A.W. BURKS: Weéll, that would have been aconsideration. At thetime, | didn't get theimpression that that was the

dominate consideration.

STERN: Because after all the Moore School was involved with the EDVAC project, they had made some sort of

commitment.

A.W.BURKS: Weéll, but nowwait aminute. At thetime that thiswas under consideration there was a good chance
that Eckert and Mauchly would leave. | would guess that Herman had in mind something like this, though he never
spelled it out to me. Well, now since the Moore School wants to be serious about this they will go to the government
right away and ask for more money than they have, the EDVAC money. They will make Eckert a professor, and
Mauchly a professor, and me a professor and von Neumann a professor associate, and if they make all of these
commitments then maybe these people will stay and we'll have agood project. 1t would be my perception now asto

how he had it in mind though he never said that. 1'm just making a construction.

STERN: With thewar's end in the 1945 period, you were still an instructor.

A.W.BURKS: Yes.



STERN: And was there any discussion about your leaving as far as the Moore School was concerned or were they

prepared to give you a professorship?

A.W.BURKS: Yes, they wanted to keep me. They offered me, as soon as these issues became [known]. Well let me
go back aminute. Cunningham wanted some more knowledgeabl e senior engineer to go to Aberdeen and take a
permanent position there and be in charge of the ENIAC. Hethought of me and expressed interest in thisand | was
not interested, but Herman, who was always trying to mediate and make arrangements, asked me to go down and be
interviewed. So | agreed to go down and beinterviewed. When the Dean heard about this, he immediately said,
"Well, of course, we'd like you to stay on, we'd make you an assistant professor.” And | told him-I told Eckert that |
was not really interested in going to Aberdeen. | was going down for the visit because Herman thought | ought to
and while it was a possihility, | certainly wouldn't do anything without telling him. And | said that | would probably
go back into philosophy. | hadn't made up my mind, but Alice and | talked about it and probably thought that's what
wewould do. And he said "Well, I'll seeif | can't make some kind of arrangement here." So he talked with your Plato

teacher . ..

ALICEBURKS: ... Morrow....

A. W.BURKS: Glen Morrow. Alice had taken philosophy from Glen Morrow and | knew Glen Morrow because he
was awell-known philosopher. Assoon as| went -- to Penn -- | made contact with him. He used to eat in the Horn
and Hardart, too, and so we sometimes ate together, and we talked about Plato and so on. And Glen was then the
dean of the college and had been brought to Penn aschairman of philosophy. Morrow said, "Y es, that'sfine. 1'd be
glad to make ajoint appointment.” So Pender and Morrow had it worked out that they would like to offer me an
assistant professorship; half in philosophy, half in engineering. And | was very interested in this and said, " Well,
go ahead and see if you can work it out.” Well, it turned out that the philosophy department at Penn vetoed that hal f
of it so that offer never went through. But | was still welcome to stay as an assistant professor of Electrical

Engineering.



STERN: But you really felt you wanted to go back to philosophy?

A.W.BURKS: | really wanted at least some philosophy. | think that thereis agood chance that if they had made
that offer we would have stayed at Penn, | don't know. At thetimel wasavisitor at Swarthmore. We still had it in
our minds that philosophy jobs were hard to get. In some sense it was still true because | remember Alice and my
going to the Swarthmore library and looking up 50 department addresses and she typed 50 letters for me to send out.
Soif I got an offer from Swarthmore, as| later did, or from Michigan, | might have changed my mind. But actually the
Penn offer didn't go through, and | got an offer from Michigan about the time of the dedication. Infact | think | came
to Ann Arbor between the first public demonstration to the press and the later one, and | was interviewed and
offered the job, and then | got an offer from Swarthmore, so | had to choose from Swarthmore and Michigan. But|
was that much interested in philosophy that | didn't want to give up the opportunity to come to Michigan or go to

Swarthmore.

STERN: Well get back to that in aminute but | wanted to ask you something more about the '45 period. Eckert and
Mauchly claimed that they would have been prepared to stay at the Moore School. That although they were
interested in doing some part time kind of commercial pursuits they would have stayed there and that really the
Moore School forced them out. Isthat your sense? You'rereally telling methat you really thought that they were

going to go and that everyone seemed to think that they were going to go, inevitably at some point?

A.W.BURKS: No. No, I didn't meanto imply that at all. But there were some fundamental issues. Now, I've
mentioned one. |I'm sure the Moore School would have kept Mauchly and Eckert onin somerole. But Goldstine's
perception was, it seems to me correct, that they were entitled on the basis of this success to be elevated pretty high
inthe hierarchy, at least an associate professor if not aprofessor. They would get tenure, in other words, and a high
stature and Herman felt that this would encourage them to stay. But it was very clear that a fundamental issue was
the patent rights. | think it'strue to say that if the Moore School had continued to give the private patent rights to
theinventors, if that had been the policy at the Moore School, there was a good chance that Eckert and Mauchly

would stay. How good, | don't know. Even if one has good options, one has a hard time judging. But it was equally
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clear to me that the Moore School wouldn't do this, and that if the Moore School didn't do this that Eckert and
Mauchly wouldn't stay. Becausein aprivate business, or if Eckert wentto the Institute, it was my understanding
that at the Institute the inventors would have the private patent rights. [That's] what precipitated their leaving, as|
understood it, and | was around then. It'strue that after the dedication | did not spend much time at the Moore
School because | soon terminated. Maybe | had a month vacation that | worked at home, and | remember working at
home on that ENIAC article -- Super Electronic Computer. Alice helped me do that | remember. But | didn't spend
much time at the M oore School, say, after March, because | had shifted my job to the Institute. | was on my way to

the Institute while still teaching at Swarthmore in the evenings.

Irv Travis came back from the Navy. He was made the Director of Research and then he initiated what he thought
was afair policy. It wasactually the policy that the university thought it had; namely the policy that the private
rights to an invention went to the university. | say the university thought it had that policy becauseit did say inthe
catalog, for example, that that was the policy. The university did not enforce the policy in the sense of asking the
engineersto sign a patent release when they were employed. So Travisinaugurated that policy, and he said that
hereafter all engineers would have to sign a patent agreement. It wasn't an issue with me because | had already
decided to go to the Institute, but it was clearly an issue for Pres and John. | always understood that it was because

they didn't want to sign that policy that they left.

STERN: Wetaked before about the commercial interest of Eckert and Mauchly prior to that period. They said that

their designs on forming a company did not come about until they resigned from the Moore School.

A.W. BURKS: Weéll, of course, they know alot more about their own beliefs and goals and so forth than | did. They

were certainly talking about a company before they resigned. Now, | don't know. What dates are you talking about

here?

STERN: Wadll, theinitial request that they sign this patent release began in March.



A.W.BURKS: That'sright.

STERN: And their resignation was effective March 31.

A.W.BURKS: Yes.

STERN: So that their saying that it was March '46 when they began to think seriously about forming a company.

A.W.BURKS: Well, | don't know how the word "serious" isto be taken, and | don't want to contradict what they
were saying, but | understood them to be considering the possibility of a business beforethat. Now how seriously, |
don't know. And | can remember at a certain stage Herman saying he thought that Pres would go to the Institute and
hislater saying, "Well, it looks now like Presisvery serious about forming a company and that he doesn't want to
leave Philadel phia because his mother and father are there, and his mother and father don't want him to go to
Princeton, that'stoo far away. And hisfather is encouraging him to go into business." So the ideathat they might
form abusiness certainly started earlier than that. How serious their motivation was, | don't know. And | guess|
would have thought that this could have been the precipitating factor. That when they finally saw that they would

not be allowed to keep the private patent rights at the Moore School, that was enough to switch the decision.

ALICE BURKS: And they're calling that being forced out, possibly, or viewing it that way?

STERN: Waéll, | used that expression. That'sright | should have been moreclear.

A.W.BURKS: Yes, | think that'stoo extreme to say that they were forced out. They were, and it's not only they,

every engineer wastold "if you want to stay in thisrole you will have to agree to abide by thislong-standing, but

previously unenforced, university policy on patents." And | understood that thiswas going on at the same time.

STERN: It seemsto me that the computer projects gave the Moore School akind of stature that it wouldn't have
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otherwise had. Travis comes back in'46, and really is not tied to this computer development.

A.W.BURKS: Wéll, that's not true, because Travis was the preeminent computer man before he went off towar. He
had taught computers, and Mauchly had taken a course, an evening course at the Moore School, from Travis.
Mauchly had learned, as | understand it, Mauchly had learned alot about the differential analyzer and the MIT
differential analyzer from Travis. Well, it'sreferenced in some of the correspondence we have seen. During the war
Travisworked mostly on fire control computers. So he was a computer man; it'strue that his technology was more
analogue and mechanical than it was electronic, but he was a good engineer. So I'm sure Irv thought of himself as
returning as Director of Research, but very much interested in continuing in the computer business. But | think he

also thought, and maybe the dean had told him, thisisthe way it hasto be. | don't know how much.. . .

STERN: Well, that'swhat | was going to ask you because it seemed to me that they would have to know that losing

Eckert and Mauchly was going to put adrain on their capability to complete the EDVAC project.

A.W.BURKS: Yes.

STERN: And I'm kind of surprised that they were willing to take that risk.

A.W.BURKS: Wel, okay. | don't know, dear, but | think it'sfair to say that the Moore School never fully

appreciated the contributions of Eckert and Mauchly and perhaps myself and Goldstine and von Neumann, as kind of

outsiders.

ALICE BURKS: | mean they were the establishment really throughout and here comes this project of young people.

They may even havefelt alittle threatened to try to carry on and allow another group to be the stars of the school.

STERN: Even Pender you think felt that way?
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ALICE BURKS: He must have been very close to retirement.

A.W.BURKS: Well, yes, he had awhile to go, but in general Harold Pender was not very active in administration as
he delegated to these people. He delegated to Chambers running the war courses, and he del egated to Brainerd
running the war research; then he gave Travis the patent research position and pretty much left it to him. And | think
you want to remember that the university patent policy seemed to many people, and | would be included, asa
reasonable policy: that if the government is paying engineersto do research, then why shouldn't the university have
the same policy towards those engineers that acompany would have. If you go to work for acompany, of course,
you don't keep the privaterights, and | certainly felt during the war that since we were all being exempt from the draft
because of this, it was overly generous of the university to let any individuals have private right in addition to what

we were getting.

STERN: Wéll, if youlook at it in contrast to a place like the Institute, of all places you would expect the Institute to
make such arequest of itsemployeesand it didn't. And there were people on the Moore School staff who thought

that Traviswaswrong. For example, Chambers.

A.W.BURKS: Yes, well | think Chambers would have been more pragmatic, and seen that if you do thisyou're
going to lose the best engineers. Sharpless left later with Stu Eichert to form acompany. However it was the best
decision for the university to let the ENIAC patent pass to Eckert and Mauchly in order to protect the government

rights.

STERN: Sothat I--it's been my sense that the Moore School really was not entirely fair to Eckert and Mauchly and

you're saying that you. . .

A.W.BURKS: Now wait aminute. Y ou introduced the word "fair". If you could say that they were unfair to Eckert

and Mauchly in fighting the initial allocation of private rights, because the patent law says that the inventor getsthe

patent unless he releases, then it becomes a question of, for example, that Eckert and Mauchly knew that the
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university did not enforceits policy and so forth, and they certainly had not agreed at any stage to give the patent
up. So you could say that the university was unfair on that point. | don't think it's unfair for the university--maybe
unwise but it'sfair for the university to say, "Well, hereafter we're going to have this patent policy and if you want to

stay you agree, otherwise you can't stay.” That doesn't seem to me unfair.

STERN: No, | meant morein terms of not offering them the professorship that we talked about before.

A.W.BURKS: Wéll, again | don't think that's a matter of fairness. | think the smart thing for the university to have
donewasto offer thedeal. Thatis, | think itisfair and it iscorrect to say (Alicel'd like your reaction) that the
university didn't give these outside engineers-- and by outside I'm including John and myself as having comein
because of the war and Pres as having come, and Goldstine -- as much credit as they deserved for what they had

done.

STERN: | don't want to belabor the point but it would seem to me Eckert was not an outside person. | mean he came

through the Moore School.

A.W. BURKS:. WEell, hewas astudent. He had never been afaculty member. And he had this research position

because of the war, you see.

ALICE BURKS: | think the university possibly should have gotten into the matter, the patent issue, much earlier.

A.W.BURKS: They should have clarified it at the very beginning. And thiswould have been fundamentally

Brainerd's responsibility, | would think, because he was the director of research. Thisisaclear policy issue. And he
knew--the Moore School knew when it had signed a contract with the government that the government was going to
haveitsright to the patent. So the Moore School should have realized the patent normally belongsto the individual,

and therefore we had better straighten out with the individual what hisrights are in the patents.
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ALICE BURKS: Yes, | think that if you're going to use the word "fair", too, it seemed to alot of people and people
looking back on it feel that, | think, that there's some unfairnessin Eckert and Mauchly having been able to enrich
themselves and their careers and monetarily through a project during the war funded by the government for war

purposes.

A.W.BURKS: For which they were exempt from the draft.

ALICE BURKS: | mean there may have been many people who could have done the same thing. | would say thereis

where they should have been [restricted] and perhaps not later as apolicy. But the university paid no attention

beforeit wastoo late.

A.W. BURKS: It would make more sense for the university not to give them the rights during the war because it was

agovernment project and they were exempt from the draft and then give them after the war rather than vice versa.

But | think it hasto be said, and Alice can elaborate on this, the University of Pennsylvaniawhen we were there was

not an institution that operated in terms of picking out policiesin advance. It operated on traditions and rules

determined by secretaries and various people who played roles rather than determined by somebody sitting down

and saying, "Well, what are issues now and what should our policy be?' And she can tell you plenty of instances.

ALICE BURKS: WEéell, asastudent, atransfer student and all, | ran into some of that.

STERN: Government by crisis or something?

ALICEBURKS: Yes.

A.W. BURKS: Government by secretary.

ALICE BURKS: Yes, there was a certain feeling of decadence. Penn has been revitalized completely since then but
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that was certainly part of the atmosphere. In the philosophy department, I'm sure the reason that they didn't want Art

was that he didn't fit in with their particular very narrow view of philosophy. All of their people, or most of them, had

been Penn-trained, and there was alot of friction between the people that were not Penn-trained, not Singerites as

they called them, and those who were. Thisisa certain narrow-mindedness, in my opinion, but it pervaded much of

the university.

STERN: Art, you wrote two articles on the ENIAC, as| recall, onefor Electronic Industries?

A.W.BURKS: Yes.

STERN: | believe the other for The Electrical Engineering Journal.

A.W.BURKS: IRE it wascalled.

STERN: Institute for Radio Engineers?

A.W.BURKS: Right.

STERN: Didit strike you as odd that very few articles were published about the ENIAC?

A.W.BURKS: Wedll, | don't know | thought of it in that way. | cantell you more specifically about mine and how

they came about and say something about the security restrictions that had something to do with this. Wefirst had

this press demonstration and that took awhole day as| remember.

STERN: It wasin February of '46.

A.W.BURKS: That involved some briefing and | think they had lunch with the press and there was a demonstration
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and | wasin charge of the demonstration, making the ENIAC work. Sometime in the afternoon towards the end of the
affair--well maybeit was at lunch--1 was approached by the editor of Electronics Industries and asked if | wouldn't
write an article. And he approached me, | think, because he knew that | knew enough to write an article and maybe
heard me give ademonstration. | don't remember the time sequence. Sol said I'd beinterested in this, if people
agreed toit. And so | checked with Herman, regarded him as a chief security point here as he was a military
representative, and | told him what the fellow wanted and that while he wanted some electronics, it would have to be
kept very general. And Herman said, "Fine. | don't see any objections." So | agreed to do thisand | cleared it with
Pres, too. And so then | went ahead and | wrote that article. Then later on Herman arranged, | think through Jan
Rajchman - at least | dealt with Jan Rajchman, that | should make a presentation to the local chapter of the IRE at
Princeton. And thiswas arather pivotal chapter because the RCA research laboratories were at Princeton so there
were alot of good engineers and | welcomed this opportunity. Herman said, "Y ou could then write it up and submit it

asan article."

TAPE 3/SIDE 2

A.W. BURKS: And Jan Rgjchman said, "Y es, we'd be glad to have you give atalk.” And he told me something
about the audience and how long | would have and who the audience would be, and then | could write it up and
submit it to thejournal. And so | went and gave thistalk. We had moved to Swarthmore in the fall of '45 because |
was going to teach at Swarthmore in the evenings of '45-'46. So | went over from Swarthmore, | remember this, and
gave the talk and then worked on this article and then submitted it. But before | submitted it, this particular article, by
thetime | had agreed to thistalk and article, Travis was the director of research and | remember going in to Travisand
telling him that | had thisinvitation to talk and what | would say and | was going to write up this article and wasit all
right to publish it, and he said, "Yes." And | don't remember whether he said show me the articlefirst or not, but |
cleared it with him and it was automatically cleared with Goldstine because he made the arrangements. So while | had

never had anything in writing, | had cleared it with both the Moore School and with Herman.

Now, Eckert and Mauchly at thistime were going around and making talks and | remember hearing--1 never heard any
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of these but | remember hearing complaints from people, well | guess Mauchly made most of the talks, and one
complaint in particular about atalk he gave in Philadel phia before a knowledgeabl e audience of engineers, that
Mauchly just rambled on and never told them very much. Maybe it was security, but | think it was also patents. So
Eckert and Mauchly were not interested in the details coming out from the point of view of patents and commercial
applications because if there were an IBM engineer, why then that IBM engineer might use theseideas. | didn't have
that restriction and aslong as | had cleared the security | felt it was all right to describe the ENIAC. So possibly part
of the explanation asto why there weren't that many articlesto begin withisthat. That is, Eckert and Mauchly
weren't interested in that kind of publicity. Actually Herman wasinvited by MTAC -- it'sMathematical Tables and
Aidsto Computation, and | think D. H. Lehmer was the editor at the time -- to write an article and he and Adele wrote
that article, of which you know, and then, later on, Grist and Sharplesswrote an article. To talk about Grist's
knowledge, I think it'strue that Grist would not have been able easily to write that article by himself. Herelied on Kite

for alot of technical information.

STERN: Well, you've answered the question | had as to why Pres, for example, did not publish very much.

A.W.BURKS: Yes. Thisismy projection. Pres never told me that.

STERN: I'd liketo go on to discuss your work at the Institute. But before we do that could you summarize what you

regarded as von Neumann's most important contributions to the Moore School work?

A.W.BURKS: WEell, he made no contributions to the ENIAC, asit was worked on at the Moore School. Now, later,
after it went to Aberdeen, thereisthe matter of the central programming to which he contributed. The substantial
contribution that he made is reflected in his 1945 draft of the EDVAC report. Now that's not to say that's the only
thing he did. He wrote this manuscript when he was at Los Alamos, and he sent it to Herman. | remember Herman
saying he had it, and it was typed up and copies distributed among the few of us, and then later it was typed on the

masters -- these masters which punch holes through the paper, whatever that's called.
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ALICE BURKS: Stencil?

A.W.BURKS: No. Well, yes, it was a stencil of a particular multilith-- well, | guess multilith's the later name, but
that sort of thing-- and reproduced. And then he wrote along letter to Goldstine as a supplement to that in which he
talked about having programmed up a sorting problem, and Don Knuth wrote a paper on that much later. So | think
it'sfair to say that von Neumann's contributions made at the Moore School are pretty much covered in that draft

report and that supplementary letter.

STERN: It'syour position the material in that draft report is primarily von Neumann's?

A.W.BURKS: | didn't mean to be implying anything on that question. He certainly wrote that thing after these
discussionsin March in which he and Goldstine and Eckert, Mauchly and myself,and perhaps Sharpless or Adele at
some of the sessions, werethere. | think it would have been avery different matter, historically and much less
controversial, if more attention had been paid and that the report had been treated more officially. Von Neumann
could have written, say, an introduction to it, in which he would have pointed out the contributions of these other
people. I'm sure that von Neumann would have given credit to these other people, and say that what he did was

based on these preliminary discussions.

STERN: So you're saying the report puts alimit on what he did?

A.W. BURKS: It certainly putsalimit and he certainly was influenced by what went on. It is hot accurate to say, asis

sometimes said, that that report is only a summary of what has been agreed on before he wrote the report.

STERN: Well can you isolate things that you would regard as von Neumann's own contributions?

A. W.BURKS: Yes, but | don't want to in this context, because Alice and | are working on a paper onthe ENIAC.

Subsequently I'll go into the origin of the stored program computer, and will then take the summaries that exist of



those meetings and read them over, and review what von Neumann did in the report, and on the basis of that data, try

to cometo an item by item answer to your question.

STERN: Well let me ask you this. Goldstine made a comment to me on this paper that I'm talking about that he thinks
that von Neumann's most important contribution to the draft report and something that was solely his. Wasthe
concept of representing numbers and instructionsin main memory the same way. That that was hisidea, and didn't

come from anyone else. Do you have any recollection on that?

A.W. BURKS: Well let's be careful what theideawas. It was certainly agreed at the March meetings that

instructions and numbers would be stored in the sameway: the mercury delay lines, more possibly the electrostatic

store. The emphasiswas on the mercury delay lines because more had been done on that, and it would seem more

reasonable that they would work. Nobody had ever built amercury delay line store yet. Asto the particular mode of

representation, I'd have to go through those notes to see how much wasin that discussion, so I'm not sure just what

Herman is saying.

STERN: I'd love to see the paper when you've got a copy.

A.W. BURKS: In due course, you'll get acopy.

STERN: Now you said just afew minutes ago and in your paper, that..

A.W. BURKS: TheLosAlamos paper you mean, or the early draft of the present paper? Y ou remember | sent you

the Los Alamos paper, thenlater | sent you the first two or three sections of the present paper that Aliceand | are

still working on.

STERN: The Los Alamos paper.
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A.W. BURKS: Okay.

STERN: You said the same thing you just said now. That von Neumann would have given credit to others.

A.W.BURKS: Yes.

STERN: It raised an immediate question on the parts certainly of Eckert and Mauchly as soon as the draft report
cameout. Why isit that von Neumann, at that point, didn't make a statement, said that thisis not my work entirely or

not only my work.

A.W.BURKS: | don't remember Pres and John raising any question at the time on that. Maybe we should go back
and talk about the attitudes and goals of these various people, and they were somewhat in conflict. Whether or not
Eckert and Mauchly made up their mind to form acompany at a certain stage, it was apossibility that they had itin
their mind, for sometime. There wasthe matter of the patent, and thereis the problem of publicity in connection with
apatent beforeit's applied for. There was the problem that John had not finished much patent work in '44, or ‘45, so
clearly in their mind -- and we recognize -- this problem of getting that patent on the ENIAC. It was often brought up.
Thereisrecord in my notebook, for example, of statements that Mauchly has been working on the patent, and here's
the goal date, and things of that sort. | was very much aware of the possibility of a business and of the timing
problem of the patent. | didn't know, for example, that it was at all conceivable that the main problem would be
publicity. I'm not sure | knew how much publicity was afactor in this, but it would never have occurred to me that the
public demonstration was afactor. | didn't know that much about patent law, but | know now that there was a
problem getting the patent on the ENIAC. | knew enough about that that you get them out as soon asyou can.
John was not doing this. So they had this patent problem, as areason for delay of publicity. Of course, there was
the problem of classification status which was also a barrier. Herman's and von Neumann's motive was more to let the
scientific community know about it and get thisthing moving in science. So it was Herman's decision to take this
draft report and have it duplicated and send it to, | don't know, you can probably tell me, fifty people or so, whatever

itwas. It was marked the draft report, and | didn't think anything about it at the time. | wasn't that much concerned
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with credit, and | didn't think it was odd that he hasn't said who gets credit. | just regarded it as draft, and | knew
Herman was sending it out. | didn't know who he was sending it to. How much John and Pres were concerned at that
point, about the publicity, | don't know. Y ou can probably tell me more than | know about their complaining to

Herman about this.

STERN: | think their complaints were based less on the publicity issue than on priority issue. That they felt that there

should have been some acknowledgement as to where these ideas came from. They objected to in the same way to

Brainerd writing areport to the applied mathematics panel with only hisname oniit.

A.W. BURKS: No.

STERN: Even though thiswasn't official, it was still being disseminated.

ALICE BURKS: But von Neumann didn't know it was going to be disseminated.

A.W.BURKS: Von Neumann didn't know; it was Herman's decision, he didn't even consult von Neumann on this.

Of course the analogy with Brainerd is not very close because nobody doubted that von Neumann had written this

report. People did doubt the ability of Grist to write the report on the grounds he didn't know enough. Furthermore

the applied math report had akind of statusin the sense that here was the official organization asking for the report

of this project, whereas the von Neumann report was sent out as a draft report. | didn't know how many people

Herman sent it to at the time. Did Pres and John know how many people he sent it to?

STERN: | think thelistisinthe high thirties| believe.

A.W.BURKS: Didthey seethis?

STERN: At thetimethey did, and at the time they objected to that.



A.W.BURKS: You'retelling me. They objected on what grounds at that time?

STERN: They were not acknowledged as having participated in thisreport. | thought you said afew minutes ago

that you thought it was alittle odd? That this went out with von Neumann's name on it and no one else's?

A.W.BURKS: No, | didn't mean to say that. | guess| wouldn't have thought, at that time | wouldn't have thought of

these things that were done. That is, von Neumann had written and was capable. It went out as a draft report, and a

draft report is adraft.

STERN: Y ou said something to the effect that it seemed odd but then it was a draft.

A.W. BURKS: Yes. Well, in retrospect, certainly the better thing for Goldstine to have done would beto say, "Here

(first page) is adraft prepared by von Neumann, it was after a consultation with such and such people.”

STERN: | agree based on my reading material that von Neumann's approach was very much the scientific approach,

and that you do disseminate information as quickly as you have it available so that other people could do work in

this areaand very much he followed the ideology of the scientist, but on the other hand the ideol ogy of the scientist

isto give credit to peopleinvolved in the work.

A.W.BURKS: Yes, sure, but it wasn't von Neumann who made the decision.

STERN: To go ahead...

A.W.BURKS: Yes, I think you also have to ask yourself the difference between how much were Eckert and

Mauchly concerned with the patent implications of this going out, and how much were they concerned with the

credit. These are two perfectly legitimate concerns on their part, but distinguished concerns.
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STERN: Prior to 1946, March of '46 when you left, was there to your recollection any dissension between von

Neumann and Eckert and Mauchly?

A.W.BURKS: | doremember. Let'ssee, I'm not surel can give dates.

STERN: Beforeyou left.

A.W.BURKS: Yes, | know. | remember an incident, and thisisasignificant incident. It was probably thefall of '45.
It was after von Neumann was interested in having a computer, whether he got it into the Institute or worked with the
Moore School. | don't know if he even got that far in his thinking, but he did consult with Zworykin on this, and
Rajchman, about memories, for example. Von Neumann had the idea of an electrostatic memory, and RCA
laboratories had worked on this computer project so there was an interest there. Then von Neumann and Zworykin
were invited to a meeting in Washington which, as | understand it now, wassupposed to be off the record, but there
was a newspaper reporter there. At any rate, they talked about afuture computer and Zworykin outlined a future
electronic computer asif it was hisidea, while von Neumann proposed to useit to predict the weather. At least that's
how it appeared in the press. We were startled to read in the Philadel phia press a brief notice about this speed. Now
John had worked on the weather, his original reason to build the computer had to do with weather calculations, as

you know.

ALICE BURKS: John Mauchly?

A.W.BURKS: John Mauchly. Now he had an ideathat there was a periodicity in the weather that was controlled by
the periodicity of the sun spots. He was going to make a statistical study about that, and | can tell you about some
conversations between Mauchly and von Neumann on weather calculations, but let me continue thismain line. Von
Neumann was due to come as a consultant that next day. Mauchly and Eckert walked in and were clearly upset by

this publicity, because Zworykin and von Neumann were clearly talking about a computer that they (Mauchly and
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Eckert) had something to do with, so why weren't their names mentioned? | can remember von Neumann coming, and
he was also surprised by this publicity and tried to call someone and find out why this publicity. He explained, as |
recall it well, there had been this meeting, and it was supposed to be off the record. That there wouldn't have been
any problem except that somehow somebody got in there and publicized this. At thetimeit seemed that Eckert and
Mauchly were satisfied by that explanation, but it was not the last time that Eckert and Mauchly and von Neumann
were upset. Now maybe that continued or maybe they weren't as satisfied as they indicated, but John at least, with
whom | was closer, seemed satisfied with that explanation, and did not blame von Neumann, but blamed Zworykin for

claiming credit he shouldn't have.

STERN: So the way you perceived of that, it was aminor incident?

A.W. BURKS: WEell, it was abig flash, but then it was resolved.

STERN: | wanted to get into von Neumann's work at the Institute.

ALICE BURKS: | wanted to ask why Herman took it upon himself to distribute that report.

A.W.BURKS: Wdll, | don't know. Maybe you can answer some of it. We can go into personal mores here.

ALICE BURKS: Areyou interested in that question?

STERN: Yes.

A.W. BURKS: He had something to gain by this, clearly. He wasthe director of the project from the military point of

view. Hewas playing an important rolein making it go. We all had something to gain from the publicity. It just so

happened that Eckert and Mauchly, really because Mauchly hadn't done his homework, had something to lose by

premature publicity. So Herman wanted the publicity. And away to get publicity was to take this paper which gave



alot of information of the scientific sort, and not of an engineering sort -- and I'll talk about that in amoment since
I've been reminded of it -- and send it to such people as Hartree. | think thiswas very legitimate. Thisis apart from
the question of what the covering letter should have said, because the government was putting in ahalf amillion

dollarsinto this project. Wasthe war over when he sent this? He sent it in June...

ALICEBURKS: ... of '45.

A.W. BURKS: When did the war end?

ALICE BURKS: August.

A.W.BURKS: The German war was ove...

ALICE BURKS: ...but the Japanese [war] was not until August.

A.W. BURKS: Okay, the German war was over, but we all felt the war was going to end. He sent it, for example, to
Hartree, who showed it to Wilkes. Thiswas Wilkes' first acquaintance with this. So what Herman was trying to do
was to the advantage of the government as well asto all of our advantages, putting on the side for the moment the
disadvantage to Pres and John because of the patent, the commercial aspects of it. Get theidea out and haveit
influence [computer development], so that the government is getting more for its $500,000. That was a perfectly
legitimate thing to do. Brainerd told me, for example, at Los Alamosin 1976, that the report should have been
classified. Asl said, our classification was the lowest, "restricted.” It wasreally up to Herman to determine our
classification. Maybe he should have consulted with Brainerd, | don't know. | would guess that Brainerd would
have said "all right." Maybe he didn't consult with Brainerd when he should have, but it was certainly areasonable
classification not to classify it. A reasonable classification judgement, because after all it wasthelogical design. It
did not give the engineering details. We had a clear understanding among ourselves that we could tell them how the

thing worked aslong as we didn't tell them the electronic details. That wasthereally classified thing. We didn't want



the enemy to be able to build one fast because they had |earned the electronic circuits. So since the report didn't
have electronicsin it, it was very reasonable for Herman not to classify it. Apart from what covering letter or title,
authorship and so forth it should have, it was reasonable for Herman to publicize it and send it out to these people

and not to classify it.

ALICE BURKS: Y ou're saying that some of that report, could have been or should been attributed to Mauchly and

Eckert, or areyou reserving...

A.W. BURKS: It would have been acomplicated thing to explain what each one did, this report having dealt with the
logical design. Y ou asked about logical design and engineering design. Thiswasthe first time that logical design
had been separated from engineering design. That bears on the classification question | just talked about. Von
Neumannis clearly the person who separated logical design from the engineering design. 1'm sure Herman thought,

"Here'salogical design, and von Neumann separated it out and that's important.”

ALICE BURKS: Then Herman didn't feel any need perhaps...

A.W.BURKS: | guessl'd beahit critical of Herman that he was not always that careful about these questions
involving relations among other people. | think you could also say the same about Pres and John. | don't think they
were careful about my interests, for example. So | don't want to say that the fault isall on Herman'sside. In generadl, |
guess around the Moore School people didn't pay much attention to giving other people credit. At least that was

kind of par for the course. At least that was my impression.

ALICE BURKS: Almost throughout life.

A.W.BURKS: | mean, clearly when Brainerd was going to write this AMP report on his own that seemed to be a

clearcut case of somebody not giving adequate credit. Of course, he would have mentioned Pres and John in the

preface, but still that wasn't adequate credit.



STERN: Well could there have been antagonism in Herman's feeling at the time he issued that could he have been

wanting to come out on this side of it?

A.W. BURKS: To my knowledge, the antagonism that arose between the two sides of it, if we put Herman and von
Neumann on one side and Pres and John on the other, first arose as aresult of that report. So thiswasn't a product
of an antagonism, but a cause of subsequent antagonism. | guess, now that you mention it, | probably did know at
the time that John and Pres were upset, but | would have put it more in terms of publicizing these secret ideasthan in
terms of credit. | certainly don't remember John complaining that this went out and didn't give credit to the others.
But maybe hedid and | forgot. | think it isfair to say that this was the start of along controversy between the two

sides.

ALICE BURKS: | wonder too, in the matter of publicity, whether someone like Eckert was a person who would write.

Has he written articles?

A.W. BURKS: Eckert couldn't writein the sense he didn't like to write and didn't write much. Furthermore, on the

matter of writing, engineers don't write, they get patents.

ALICE BURKS: It's much more an academic practice.

A.W. BURKS: Scientists and mathematicians and philosophers write and don't get patents. | think that was alot of
it. Presdidn't think that there was any glory inwriting an article. | thought there was glory in an article, and Herman

thought there was glory in writing an article.

ALICE BURKS: Pres might not have been able to write either. He hadn't that kind of atraining at all and | don't think
hisinformation was that set. But Mauchly was supposed to write up the patent, and he didn't. | wonder about his

capability to write.



A.W.BURKS: Did Mauchly ever write much? He wrote the '42 memorandum. Brian Randall published a brief note of

John's on programming, and he may have written afew short things, but | don't think John Mauchly ever wrote much.

STERN: Well, he just seemsto defy adescription in terms of the typical scientist's concern with publications,

because he did not seem to be that way.

ALICE BURKS: But at the sametime avery fluent person, who organized thingsin away that they could have been

[published].

A.W. BURKS: Well, you can talk in retro about it. Well you can see the difference now in stylein that von
Neumann, after arelatively small number of daysin consultation (total number of days), got the problem formulated
in his mind, in the background, and then his next step was to write thislong draft report. Well, that wasjust the
opposite of the way Eckert and Mauchly wrote their [later] report, and of course it was part of von Neumann's style
because von Neumann had six different thingsin the fire; that is, he was at Los Alamostelling them how to make an

A bomb at the time he would be writing this up in the evening.

STERN: Did it strike you as odd, that von Neumann went to the Institute in an effort to get computer projects
started? It was anivory tower, quote "ivory tower," institution; it seemed odd that they would take on an

engineering project like that.

A.W.BURKS: Well, | should say to begin with that | knew very little about the Institute for Advanced Study. | took
acourse from Ray Wilder, fall of ‘36, at Michigan, and | may have heard from him that he was at the Institute. Hewas
going. | knew it existed. | didn't know much about it. | knew Einstein wasthere, but | wouldn't have known enough

probably to know what its biases were.

TAPE4/SIDE 1

87



A. W. BURKS: | was surprised when Herman told me that von Neumann-- well, | knew that von Neumann wanted a
computer -- wanted to build hisown. That surprised me alittle, but not particularly because of the orientation of the

Institute.

STERN: Why wasthat surprising?

A.W.BURKS: WEell, computers were going to be built, so why didn't he latch on to one that's going to be built?

WEell, | say surprised, not terribly surprised, but he was atheoretical person.

STERN: Can you speculate on why he wanted to do that?

A.W. BURKS: WEell, yes, he had avery wide rangeininterests. He had thisbasic design which isreflected in the
paper that he, and Herman and I, wrote, which is different from the EDVAC design. | think he saw too what | didn't
see at the time, that there would be a great demand for these computers. So if he was to have a computer to use he
would probably have to build his own, because if he waited for the othersit might be along time -- not before
computers would be finished, but before he would have sufficient access to them. | think Herman was encouraging
him in this. Herman wanted to go ahead to build a computer and saw an opportunity for himself in working with von
Neumann. On thisvon Neumann had alot of confidence in himself to manage all these things at once. So anyhow, it
became clear, it didn't take me long to realize that Herman and von Neumann were right that things wouldn't work out
very well at the Moore School if von Neunann tried to work thingsthat way. Soif hereally wanted a computer the
thing to do wasto build it. After | cameto the Institute it soon became apparent that the other people at the Institute
weren't enthusiastic about such an experimental thing. They were doing it because von Neumann wanted it, but he

clearly had enough prestige that if Johnny wanted it he could haveit.

STERN: Y ou cameto the Institute in March of '46. |sthat correct?



A.W.BURKS: | cameinthe sense| started to work sometime in March, maybe it was March 1<t, | don't remember
the exact date. We still lived in Swarthmore. That semester | taught in Swarthmore on Tuesday, Thursday, and
Saturday and commuted from Swarthmore to the Institute on Monday, Wednesday and Friday. Indeed when | first
commuted there, Herman also lived in Philadelphia. We took the same train over and the same train back and Herman
had obtained an Army car which sat at the Princeton railroad station so that when we got to the Princeton railroad
station we get into this car and drive out to the Institute and then we went home the same way. Then sometime later
Herman and Adele moved to I nstitute housing, and after the semester was over at Swarthmore [and] on through the
summer | went five days aweek, commuting the same way, but now by myself because Herman and Adele had moved

to the Institute housing.

STERN: When you started working even on this part time basis at the I nstitute, you had already made the decision

to go to Michigan in September?

A.W.BURKS: Essentialy, yes. I'm hedging alittle because | don't remember the exact timing; it all happened fairly

fastin there. 1 know that von Neumann and Herman offered me a permanent position, but | told them | wanted to go

to philosophy and would take a suitable position. At about that time, Michigan came through with the offer, and as

soon as it came through | accepted it and told them that | would go to Michigan. So most of the time | was working

there, it was known that | would leave at the end of the summer and go to Michigan.

STERN: Therewas no possibility of joint appointment with Princeton, you didn't pursue that?

A.W. BURKS: Nothing was pursued in that. Teaching philosophy at Princeton, for example?

STERN: Wéll, | would have thought that you saw it as agood idea at Penn, it would be an even a better idea at the

Institute.

A.W.BURKS: Yes, but | would have thought of that as an idea that the administrators could arrange. | don't know
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whether Herman and von Neumann would have thought of that. The connection between the Institute and Princeton
University of courseis not as close as the connection between one school of the University of Pennsylvaniaand

another school, especially when the two deans of the those schools know each other.

STERN: Can you describe the work you did at the I nstitute?

[INTERRUPTION]

STERN: Eckert and Mauchly also asked you to work for them in their company. Isthat right? Around the same

period?

A.W.BURKS: Yes.

STERN: What made you decideto go to the Institute?

A.W.BURKS: Well therewasatriple decision here. That is. go with Eckert and Mauchly; go to the Institute; [and]
either permanently or temporarily return to philosophy. After | got the offersfrom Michigan and Swarthmorein
philosophy, | knew we'd take one of those, probably the Michigan one. But even apart from that | was not interested
inacommercial activity. | liked very much working with von Neumann. | was very much impressed by him. |
thought the Institute a great place and a great opportunity. Also, | think it'sfair to say, | didn't regard it as that easy
towork for Pres. He wasn't the easiest person to work with. But even apart from that, | think our academic
orientation, Alice was always involved in these decisions, was such that we didn't think of business as the place that

we wanted to be.

STERN: What kind of work did you do at the I nstitute?

A. W.BURKS: That first summer, it was Herman and |, and von Neumann. Thefirst part of it [was spent] writing that



report. Well | think that came out, what, the end of June? So as soon as | got therein March, we started on that.
Herman and | had an office next to Kurt Godel's. 'Y ou know how the offices are arranged there, with abig office for a

professor, and then an anteroom and an office for a secretary?

STERN: No.

A.W.BURKS: Okay, well let'stake von Neumann's as an example. It wasalargeroom, at least aslarge asthis, if not
larger. You'd, say, enter it through adoor here. That door went to an anteroom which then went to ahall over here.
Then there wasa quite sizable secretary's office, with room for two desks and a couple bookcases. Well von
Neumann had a secretary who sat in his secretary's office, and the entrance room was a place where people could sit,
and books and what not were kept. Kurt Godel didn't have a secretary, didn't want one, | assume. So for that
summer, when of course we didn't yet have a building for the computer, Herman and | occupied the secretary's office
next to Godel's office. It had ablackboard on thewall. We spent most of our time the first few months planning this
new machine, working out the structure and the instructions, and we would consult periodically with von Neumann.
After we'd done a certain amount of planning, we decided we'd better write it up now. Which was fine with me. So
Herman and | wrote the first draft and | don't remember how we divided it but we both worked writing it. Then we'd
show it to von Neumann and he would revise, or we'd discussiit, and so forth, and then that completed the draft and
that wasissued as areport at the end of June. The rest of the summer would have been July and August, two
months more, and we continued to plan. Actually when | was commuting alone and not with Herman, | began
working on the method of programming and working on the idea that we would have alibrary of subroutines. | began
to write some of the subroutines and think about how the combining routine would work. Indeed | wrote afirst draft
report which, | don't know, was at least fifty handwritten pages long together with programs which when | left at the
end of the summer | gaveto Herman. Then since | had left when they made the next volume which had to do with
programming, | was not included as co-author, which was quite appropriate. | did go back the following spring
vacation and look at their draft, and in the preface of the draft they gave reference to having consulted with me, and

part of that consultation was this report | made available to Herman.
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STERN: During the period that you were there prior to going to Michigan, was any engineering work being

undertaken yet?

A.W.BURKS: Yes, now let's see, Bigelow started coming down, and had he moved there?

STERN: Hemoved therefrom MIT.

A.W.BURKS: Yes. Well he moved there. | don't know the exact dates. | remember he also got involved one
summer. | think it wasthat first summer. Adelotte wasthe director. He had been president of Swarthmore. | think
Julian Bigelow got involved and spent a considerable amount of time helping the Institute arrange for moving some
temporary houses down from New Y ork, and they moved down, and the next summer when Alice and | went there we
stayed in one and the Goldstines moved into one of these. | remember Herman being a bit unhappy about this
because, in thefirst place, he didn't think that was the smart thing to do. Inthe end, the Institute had to build its own
buildings anyhow, so he may have been right. Also he didn't like the idea of Adelotte taking Julian Bigelow off this
project to spend time on that. But Julian was there and starting to plan, and | think Pomerene, too. | think Pomerene
used to come down from New Y ork. Pomerene had worked at Hazeltine, and he still lived up there but he commuted.
In asenseit wasn't too effective to begin with, because all of us except for Herman (and then later Bigelow before he
got involved in the other thing) had to commute long distances. Some people would comein at ten and leave at four,

but the engineers were there and they were starting to work.

STERN: Willis Ware was there?

A.W.BURKS: | can't remember whether he was there that first summer.

STERN: Now theintention to have RCA to build the Selectron was already made by this period, early '46?

A.W.BURKS: Yes| can remember quite distinctly learning about the Selectron before | went there. | think |
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probably heard about it in late '45. | can remember quite distinctly the time schedul e that was anticipated because
thisturned out to be very wrong. It was that Rajchman was already working on the Selectron. The original Selectron
was to have 4096 windows. Rajchman expected to have amodel of the single tube by the summer of '46; by the
summer of '47, they would be turning them out. They'd probably be made by hand because there weren't going to be
very many at least in the beginning. So they might not come very fast, but they would start coming in the summer of
'47. The relevance of that was, one had the choice between three storage media that were cheap enough, large
enough, and fast enough for a stored program computer. One was the Eckert-Mauchly delay line, which being cyclic
had arelatively high access time on the average. We typically thought of the pulses being spaced a microsecond
apart and the lines being 1024 pulses long, so you'd be waiting five-hundred microseconds on the average for this.
Then the other two forms were the cathode ray tube alone, or as Rajchman thought, the cathode ray tube with this
framework inside to do the switching. That is, in a cathode ray tube you would select a point by moving a beam up
and down, and of course moving beams was standard in cathode ray tubes. But | can remember hearing thisidea of
Rajchman's of putting this framework of crossed wires so there'd be a cylinder of wires and then vertical crossed
wires. There'd be 4096 windows, and you would control these wires to select the window, and he thought that would
be a better ideathan just the tube. 1t was this 4096 thing that would be done, they decided. Well, let me go back a
minute. Nobody had really built one [amercury delay ling] for cyclic memory since the mercury delay line had worked
successfully for radar use. Since we had al this experience with circuits, it seemed that while you'd have to do some
developmental work on amercury delay line, one could feel confident that it would succeed with a reasonable amount
of work. Inthe case of the cathode ray form of memory, you didn't know that much. But now we were assured by
RCA Princeton |aboratories, one of the best, that yes indeed they could have a model by the summer of '46 and start
turning them out in '47. We knew that we wouldn't have the design of the rest of the machine any faster, so we felt
secure on the memory. Now, asit turned out, that didn't work out. It wasn't until, I don't know '50, '51, before they
got it working. Instead of having 4096 it had 512. In the meantime, Williams at Manchester had come up with the
Williamstube. None of these were the best of memories, but all of them were far superior to using vacuum tube

memoriesasinthe ENIAC. Sothat'swhy it worked out for the Institute machine that it used the Williams tube.

STERN: Doesn'tit strike you as alittle odd that Eckert and Mauchly have been criticized for going into businessin
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which they made projections, we talked about this yesterday, completion dates for parts of their machines that were
completely unrealistic, and here Rajchman who has had alot more experiencein R and D at amajor industrial research

center was doing something very similar?

A.W.BURKS: Well | guessit doesn't strikemeasodd. | guess| don't want too try to take to much credit there.
Yes, | guess| probably was over confident in what they would do, so let melook at it as historical matter. Y es, these
were similar mistakes in judgement. And | would have assumed from my knowledge of electronics of the ENIAC and
my knowledge of Eckert and Mauchly that they would make bad estimates. And in the case of Rajchman, since this
was adifferent areareally -- it was construction of tubes, where | had no expertise -- | was probably naively
confident. On the other hand, you've got to remember that Eckert and Mauchly had the fate of a corporation resting
on this, whereas we had the fate of one computer resting on this, which is quite abit different. And there were
alternatives. | mean, if worse come to worst we could always go back and use amercury delay line. 1t would have
made the machine far less attractive, but success or failure really did not hinge on that judgement of Rajchman, which
was | think accepted by von Neumann and Zworykin and Goldstine, and then by myself with pretty much confidence.

But the Institute project had alot more ways out, whereas, in a sense, Eckert and Mauchly didn't have any way out.

STERN: | think that's agood point, | think that's avery good point. Did you work with Rajchman on this Selectron or

did you focus exclusively on logical design?

A.W.BURKS: Well, | went over there sometimes before | even started to work on aregular basis. There was a
period in there | can remember staying at home in Swarthmore. Andincidently Aliceand | lived in ahouse on the
south side of the railroad tracks, on the other side of the campus, that the poet Auden had occupied before, an
apartment on the first floor, yes. The previous year he had occupied that. | can remember being at home awhile; it
was probably that | had accumulated vacation time from the Moore School. | wanted to write this paper. | wanted to
work on these papers before | went to work, but nevertheless | went over there. | went over there once, for example,
with my brother-in-law, my sister's husband who was a surgeon just out of the Army and he had come to Philadel phia

to see where he might do hisresidency. | remember taking him over with Herman to see von Neumann, and von



Neumann took us to the Princeton Club for dinner. We had consultations that John Tukey wasinvolved in; that's
why he'sreferred to in that first report. And we also went to RCA and consulted with Rajchman and with a young
man, who was a Ph.D. in math and statistics from Harvard. | know he took symbolic logic with Quine, and he later
went, he left RCA, he was working at RCA under Rajchman at the time, and he later went to Rand, and then he left
that and set up hisown corporation. Y ou probably have heard his name, his name doesn't come to me now, but he
was ayoung engineer except he really wasn't an engineer working on this. | can remember talking with them about
the Selectron. | can remember Jan Rajchman taking usinto the room where they did the modeling of electron motion
for tubes. Their method was to take a diaphragm and the height of the diaphragm would represent the intensity of
the electrostatic field, and then pulling the diaphragm down and fixing it at various points to give what the field
would bein the absence of electrons. Then rolling littleiron balls, small shot balls down there. .. See, the problemin
designing atubeisfirst you figure out what the field isif there aren't any electrons there, and then as soon as you
put the electrons in they change the field. So they would do this by figuring out what the field would be without the
electrons, at critical points, by pulling this diaphragm down. Then they would roll abunch of balls and the effect of
the weight of the balls was a gravitational effect which represented the electrostatic effect of these balls. And | can
remember Jan showing how they did that in designing tubes because they had to know what this effect would be to
know where to put the wires and things like that. And they also talked about an adding circuit which was later used
inthe IAS computer. | think the suggestion from that may have come from Tukey, at least part of it, in which the
adding circuit was not strictly binary but used three different voltage levels. So | remember that much from the visit
to RCA. After | got to Princeton, there were fewer consultations with RCA, thought we went there maybe once or
twice again. Tukey soon dropped out. He didn't play much of arole. Thelogical design that Herman and von
Neumann and | did was not much influenced by either Tukey or RCA after those initial conversations. | think they're
both mentioned, certainly Tukey's mentioned in the preface, and | don't remember whether it was appropriate to
mention RCA in the preface or not. We certainly in the report said we expected to use the Selectron memory, and our

design was based on Selectron memory.

STERN: What sort of engineering work was Bigelow doing at thistime if RCA was working on the memory?



A. W. BURKS: Well, there was of course the whole rest of the machine: the arithmetic unit, and the control, and the
input and output, although we thought less about the input and output because that was the less novel part and it

would be geared as to how the central part was.

STERN: Excuse me, if | can interrupt amoment. Y our report, as| recal, did not devote much attention to 1/0.

A.W. BURKS: And that was true of the project at the beginning. We didn't devote much attention to it.

STERN: So it wasn't decided what kind of 1/0? At that point?

A. W. BURKS: Well, there were certainly some conversations, but we didn't go deeply into it. Soleaving 1/O aside
there was still the arithmetic unit and the control and that's alot of electronics. RCA wasn't going to do that. | guess
| heard at one point that RCA was willing to do the whol e thing for the Institute, but it was decided by von Neumann,
and Goldstine | guess, that that wasn't what they wanted to do. We were going to make the rest of the computer.
Circuits had to be designed and tested. The adder, even though the adder circuit was influenced by RCA -- they had
built amodel -- but the ones that were to actually go into the machine had yet to be devel oped, and made reliable, and
tested. There'sthe carry time. We were going to use -- well, there were various carries considered -- but one isthe
direct carry all the way down the line rather than successive carries, but you have to build the adder or a chunk of the
adder and measure the carry time to see how long it will take. So there was alot of work to do. Now how far they got
on that the first summer | wasthere| just don't remember. But that's what Bigelow was doing. He was setting up the
lab and hiring people, hiring draftspeople; for example, | remember participating in an interview with a draftsperson
that he considered. So he was setting the organization up and starting the laboratory, and thiswas donein the
basement of the main building. Thereisone main building -- well, you've been in the Institute, but you wouldn't
know that one building because they've attached wings and so forth -- but there was one central building and that's
where the lab was down in the basement until the new computer building was made. | also participated in
discussions about the new building, and helped pick the site with Herman and Oswald Veblen. And | remember the

guy coming up with the bricks. So | wasinvolved alittle in those negotiations.



STERN: But essentially your contribution was in the area of logical design at this point which was separate?

A.W. BURKS: Well, it was my contribution to that report which waslogical design, and verbal. There aren't even
any diagrams as | remember, but based on electronic considerations, and | can remember drawing circuits on the
board, drawing circuits on paper | suppose. Maybe Herman has these in his papers somewhere. So that while we did
thelogical design in that paper it was also based on alot of electronic circuits that we thought about, and while we

didn't build them at that stage, we planned them as feasible circuits.

STERN: During this period, in the summer of '46, the Moore School was having its lecture series on the theory and

design of computers. Did you participatein that at all?

A.W.BURKS: Yes. | wasinvited to give one or two lectures. | guessit wasone. And it was very interesting to me
because there was this problem of commu nication, or lack of communication, between the Moore School and the
Institute, because by this time Eckert and Mauchly had decided to set up their business and 1A S was operating and
the Moore School was still going to continue with the EDVAC. There were these three enterprises. And therewas a
certain amount of planned isolation in the sense that Eckert and Mauchly, on the one hand, and Goldstine and von
Neumann, on the other hand, were now clearly at odds over variousissues. And Goldstine had arranged this so that
| was actually to give alecture on numerical methods. | didn't talk about the IAS machine, and | wasn't asked to talk
about the M oore School machine, either. So | did give alecture (actually, two), but not central to anything that we
were doing at thetime. | assumed that it was because of this conflict that they didn't want too much information

going back and forth.

STERN: The very fact that they had this series of lectures would seem to indicate that they were concerned about

disseminating information on computers. So that it wasn't completeisolation.

A.W.BURKS: No. What | am saying, Nancy, isthat there was a certain amount of planned isolation between IAS
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and the Moore School and Eckert-Mauchly on thisissue. In other words, | am suggesting, and thisisjust aguess on
my part, that Goldstine and von Neumann didn't want to say too much about what they were doing, and | certainly
have the impression that Eckert and Mauchly didn't want to say too much about what they were doing either -- the

|ater stuff -- in those lectures.

STERN: But based on Goldstine and von Neumann's attitude towards disseminating information prior to this period,

there seemsto be achange. Before they werereally very much interested in disseminating information.

A.W. BURKS: Well, | think thereis a difference between disseminating the information before you prepared the

report and your attitude toward getting out reports. There's no conflict there.

STERN: | think | seewhat you're saying. At that point you went to the Philosophy Department here at Michigan?

A.W. BURKS: In August we left and went to Michigan.

STERN: And the next two summers you went back to the Institute. The first summer you went back what sort of

progress was made?

A.W.BURKS: Well, they had their building and they had laboratories, and Bigelow had laid down many of the

fundamental principles. Therewas another man involved, Snyder. Do you remember Snyder?

STERN: | dont.

A.W.BURKS: | think maybe Snyder was the chief engineer. Snyder had worked with Rajchman.

STERN: What was Snyder'sfirst name?



A.W.BURKS: Dick. Richard. He had worked with Rajchman at RCA, and then he had gone somewhere else. He

was at one stage, and | can't remember the sequence, working there, and maybe it was the first summer he was

working there. | just can't remember.

TAPE 4/SIDE 2

STERN: Weweretalking about the engineers at the Institute. My list indicates that Ware started in 1946. He came

from Hazeltine.

A. W.BURKS: Somaybe he and Jim started at the sametime.

STERN: | have Jim down at the same time and Ralph Slutz as June of '46.

A.W.BURKS: Yes, | remember his coming.

STERN: He dso camefrom NDRC, National Defense Research Council.

A. W.BURKS: | thought he came from Princeton.

STERN: That may be. I'll have to check that.

A.W.BURKS: But he may have been at an NDRC project at Princeton. At least | have the impression he had been

working at Princeton University. | know he was arecent Princeton Ph.D. | remember that. [His Ph.D. was] in

physics.

STERN: And heleft early. Heleft in about '48, according to my records.



A.W.BURKS: Okay, but you see, | didn't go back after the summer of '48. | don't remember whether he was there my

last summer or not. Rubinoff was there one of my summers, | remember.

STERN: Rubinoff?

A.W.BURKS: Yes.

STERN: And Hildebrand started when? Do you remember?

A.W. BURKS: Wéll, it would not have been that first summer.

STERN: Okay. And | have aman who | don't know anything about. Peter Penogaust?

A.W.BURKS: Don't remember him.

STERN: And Jm Simms, who was Pres Eckert's brother-in-law.

A.W.BURKS: Yes, | don't recall Simms being there very much. Were you telling me that he was the first business

manager? And, and | know that while | wasthere, and I'm pretty sure thefirst year, they hired as a business manager

ayoung man named Bliss, who was the son of the famous mathematician Bliss at Chicago, under whom Goldstine

had studied and learned differential equations and firing tables.

STERN: It was Gilbert Bliss.

A.W. BURKS: Right, yes. It was hissonwho, | think had recently married awoman who had a couple children--

may have been awar widow, | don't remember that -- and he was hired as a business manager.
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STERN: Why did they need a business manager?

A.W.BURKS: Well, to keep the cost records. The Institute wasn't going to do this. That wasto be paid for in the

project itself. To get parts, get equipment, it'sabig job to get the tools you need. Laboratory tables and all that stuff

had to be ordered, you see. They were setting up anew building from scratch. The building would have to be

supervised from the Institute's point of view. Herman didn't want to do all of that, of course, because he wanted to

work on the scientific engineering.

STERN: But these people | mentioned essentially did work on the engineering end of it?

A.W.BURKS: Wedll, not Blissand not Simms.

STERN: Simmswas an engineer | thought.

A.W.BURKS: Well, | guess|'m surprised to learn that Simms worked on the electronics of the IAS computer.

STERN: Simmsor Bliss?

A.W.BURKS: Simms. | know Bliss didn't because he didn't have any training. Herman must have been telling me

this, that he had hired Simms as business manager. Do you know who Chedaker is?

STERN: Yes.

A.W. BURKS: Chedaker was an engineer on the ENIAC project, but in the end he was really the guy who ordered

things, who saw that they came, who checked them. He knew enough engineering to be able to do the job, and |

would think of Simmsin asimilar category.
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STERN: | seewhat you're saying.

A.W.BURKS: So thisisabusiness manager/engineer. Could | seethat list that you're working from?

STERN: Sure. What about Blissthen?

A.W.BURKS: Blisswasnot an engineer. He was a pure business manager. | think Herman was telling me that he

hired Simms because Pres wanted him to hire him. At that time Pres was thinking of going to the Institute. Simmswas

aniceguy, and afriendly guy. Jack Rosenberg | remember very well.

STERN: | remember him.

A.W. BURKS: Wewent over to his house near Newark to hear his hi-fi. Do you remember how loud it was, Alice?

We didn't quite appreciate al the volume.

STERN: Yes. And Thompson was the last name on there we didn't discuss. Do you know him?

A.W.BURKS: | don't remember him. That's not to say these people weren't around working in alaboratory, | just

didn't have enough contact with them that they would stick in my memory.

STERN: Now after '48, you decided to work as a consultant for Burroughs.

A.W.BURKS: Right. That wasarranged by Travis. Indeed the summer of '48, when we wereliving at the Institute,
Irv Travisinvited me down to Philadelphiato see him, and | went down on a Saturday, | think, and he interviewed me
and said he was a consultant for Burroughs, and they were looking for a consultant and would | beone. And | said |
would consider it, and | went back and we talked about it, and | talked about it with Herman, and Alice and | decided

we would do that, because Burroughs was then in Detroit. They are still in Detroit in asense, but all of their activity
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was then in Detroit; there was no activity in Philadelphia, that came later.

STERN: So that your decision was based primarily on the proximity?

A.W.BURKS: Yes, that wasimportant. | also felt that just being at the Institute in the summer, and given Bigelow's
way of operation, | couldn't be as effective as| would liketo be. But also | preferred not to have to move every
summer, you see. The Burroughs consulting also enabled me to work during the academic year. The contract with
Burroughs was to consult one day aweek during the academic year, and the University allowsthat, and you can earn
money for that. They gave me a generous, quite generous, stipend, and then | could work full time in the summer for

them.

STERN: What did you do for them?

A.W.BURKS: Thefirst semester, roughly, | went to Detroit, took the busto Detroit, spent the day there, and then
took the bus home at night, learning about their business, talking with them about machines. | spent alot of time
with the vice president for research and his assistant, because they didn't have many people working on computers
then. | said, after apreliminary study, "Well, I will sit down and try to write a plan or proposal, kind of aguide or an
outline, of what an electronic computer for business would be like, what it would do, what it's possibilities were,
because they were not yet convinced they wanted to go into electronic computing. Of course, their orientation was
business, and all the prior computers, except the UNIVAC that Eckert and Mauchly were working on, were science-
oriented, so that you had to have a different orientation. So they said fine, so after that | didn't go in every week, but
only as| needed to, and | wrotereports. Inthe summer of '49, | can remember the vice president for engineering and
his assistant, and Irv Travis, came out to Ann Arbor because they were considering setting up aresearch laboratory
in electronics for computing in Ann Arbor. They came to our house on Morton Avenue late in the afternoon. It was
a Saturday, | think. They were very disappointed because the zoning in Ann Arbor at the time was such that the
only place they would be allowed to put aresearch laboratory wasin theindustrial area, and of course they weren't

going to do that, and it just showed that Ann Arbor was old fashioned. Now it'sall changed. They have research
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parks, and so there are good places to put laboratories. Burroughs was also thinking of putting their laboratory at

Paoli or in Philadelphia, because that's where Travis was located. Well, that was not areason in itself to put it there.

At thistime they said that they would like me to hire some mathematicians and scientists, and get a group started on
designing, doing the logical design of machines and doing programming. So | then founded my group which is now
called The Logic of Computers Group. They let acontract to the University, | think the original contract was only
22,000 dollars, which could buy alot in'49, and that didn't include my pay. They continued to pay measa
consultant. They gave the project money to the University, and with that | hired people to do research, and we did
planning on computers for business and planning on programming languages, and wrote papers, monographs, [and)]
reports. Most of these were never published because they were proprietary with Burroughs, and by the time the
proprietary interests had ceased it didn't seem that they were appropriate to publish. Other people had done alot of

the same things. That's what happened after | left the Institute.

STERN: Did you, during this period at all, have any contact with Eckert and Mauchly?

A.W. BURKS: Do you mean after the summer course of '46?

STERN: Right.

A.W. BURKS: How much contact did | have with Eckert and Mauchly? Okay, just occasional contact. The

Association for Computing Machinery met in Ann Arbor, seemsto mein the late '40s, early '50s, and | remember John

coming here. | remember Grace Hopper, at this meeting. | remember Huskey came to this meeting, stayed in our

house, | think. Indeed, would it be possible that the ACM metin Ann Arbor? When did welivein the carriage

house? In '48?

ALICE BURKS: '47-48.
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STERN: '47-48 was the year that the event was founded.

A.W.BURKS: Huskey was here for another reason then.

STERN: Huskey wasin Detroit, at Wayne.

A.W.BURKS: Not thisonetime. Hewas still in Californiaand he came here for some purpose. Maybe to consult
with Project Michigan. Then later he cameto Wayne for ayear and they visited us, and we went over there. We had
our Morton house then. So anyhow Mauchly, came out to some meeting here, | remember that, and | remember that
at the same meeting the man at Argonne who hired me -- his brother was a senator -- was here.

ALICE BURKS: Flanders?

A.W.BURKS: Flanders, yes. Moll Flanders came to that same meeting at the ACM.

STERN: Wereyou involved in the founding of the ACM?

A.W.BURKS: No, no. | became amember, not afounding member, but amember afterwards. | never went to
meetings much, but after they met in Ann Arbor, | went, | went to afew other meetings. | did go back to Philadelphia
on occasion. | remember being invited to lecture by some group, and I ke Auerbach is the one who met me and took
me around, and this was some local computer organization. Preswasn't at the lecture, | can't remember whether John
was, but some of the young women that | had worked with at the Moore School, who now worked for UNIVA C were
at thelecture. And then | went back when Chuan Chu was the chief engineer for UNIVAC, and thiswas just about
the time Mauchly was leaving, because | remember visiting their operation, in North Philadelphia, | think it was.
Chuan Chu showed me around, and Grace Hopper was there, | remember seeing her. Mauchly was still there

directing asmall group, but Chuan told me that Mauchly had resigned and would be leaving at a certain date.

STERN: From 1946 on, were there any sources you used to keep informed about other activities in the computing
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field? How did you find out what was going on or didn't you?

A.W.BURKS: Inthework | did at Burroughs, | had contact with peoplein Burroughs and Paoli. After they decided
it wouldn't be feasible to set up aresearch laboratory in the Ann Arbor areafor the zoning reasons, Burroughs
decided that Philadel phia was the place to manufacture el ectronic computers, so Burroughs established its |aboratory
in downtown Philadelphia. | went there periodically to report on what | was doing. Sometimes | would take people
from my group and we would go there and present what we were doing to the Burroughs people, so | had contact
that way. Theyear 1950-51, the University of Chicago and Argonne worked out ajoint deal where | was made a
research associate at the University of Chicago, and they paid me an amount that was maybe half of asalary to do my
research in philosophy and participate in their seminars, and then Argonne hired me at a consultant one day aweek,
and that paid me enough to be the other half of asalary. Chuwasin charge of the computers at Argonne. Flanders
worked there on them too, and a man named Alexander. So | consulted with them on the design of the machine that
eventually becamethe Oak Ridge machine. Indeed out of some of our work a patent came, taken out in the names of
Alexander, Flanders, and Burks, | think, on the arithmetic design of this new way of handling of complementsin
multiplication: carrying an extrabit and thereby not having to make as many complement corrections at theend. Soll
had that contact. Arvid Jacobson, who was at Wayne State, organized a program there, where | gave a paper on
programming. | remember thiswasthe '40s. Chambers came out and talked at this program. Gradually my interests
shifted from architecture or computer design and software design to more theoretical things, so that by the mid '50s

the work my group did was more automata theory than it was computer design or software design.

STERN: Atwhat period did you found the CCS department here?

A.W.BURKS: Well there was aman on the faculty named Gordon Peterson, who had been afellow student of mine
at DePauw, in physics. He went to the University of Illinois, and then to the University of Louisiana, took a Ph.D. in
physics and went to Bell Labs. Then he came here in the speech department after the war, and we became
reacquainted. He had studentsin the physics of speech, phonetics, and acoustics and so forth. Then | began to

teach automata theory even in the late '40s in my philosophy of science and mathematical logic courses, and so | had
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some students who were interested in writing theses, basically in what we now call computer science, though we
didn't have that name. John Holland was the first of these students, and they clearly didn't fit in our departments.
That is, Holland wasn't about to study two years of courses, to learn history of philosophy and other philosophy
courses, in order to write athesis on computing. And Gordon'sstudents didn't fit in his speech department, which
was oriented toward speech and drama. So as a consequence, Gordon and | organized or started to organize the joint
program in Computer and Communication Sciences, bringing in other people. 1n 1957, we got permission from the
graduate school to give masters degrees and Ph.D. degrees, even though we didn't have any budget other than our

research project budgets.

ALICE BURKS: It wasaprogram.

A.W. BURKS: It wasaprogram, not adepartment. That continued to exist as a program until 1967 when it became a

department.

STERN: | see. Inyour paper "From ENIAC to the Stored Program Computer," you have afigure which describes the
initial stored program machines. BINAC isn't one of those mentioned. |sthere a specific reason why you didn't

mention that machine?

A.W.BURKS: Why should | mention it?

STERN: Weéll, you list all theinitial stored program computers.

A.W.BURKS: Oh, | see. That isdown at the bottom of this diagram where | list UNIVAC and IAS and EDSAC and

so forth. | wasn't try to list them all; maybe | should have mentioned BINAC. At thetime | wrote that paper | knew

very little about BINAC. | heard that it existed, and | can remember John saying at one of the meetings, sometimein

the '50s, that he had thought it would always be better for them to go ahead and devel op the BINAC and manufacture

it rather than go ahead with the UNIVAC. Sol knew it existed but that was about all. 1t just never occurred to me
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when | wrote that paper to put it in, but maybe | should because of the priority. | wasn't trying to list all of the
machines, | don't know, | kept adding machines. Huskey thought | should mention SWAC, and | think | probably

added it. Do you think | should mention BINAC?

STERN: Well it seemsto me BINAC wasthefirst stored program computer completed in this country.

A.W.BURKS: It dependswhat you mean by completed, of course. Yesit worked well enough for the
demonstration. It never did any useful work. Well, that's not quitefair. Let meask it to you asaquestion: It didn't

do much useful work, did it?

STERN: It did not do the work it wasintended to do but it did do some work out in the California, and the reasons
why it was dismantled are somewhat controversial. The people out there said it was Eckert and Mauchly's flawed
production problem and Eckert and Mauchly said that the people out there didn't know how to use the machine so

that there is some controversy, but the machine did work in Philadelphia. So they did have an operational machine.

A.W.BURKS: Yes, it worked for the demonstration , and then | guess you can raise the question had it been left

there maybe it would have done useful work. | got theimpression, originally from what you told me or what you

wrote, that it didn't do much of anything on the west coast. But after you published your article then there was

another article | read that said it did some useful work.

STERN: Two articlesindicated that it did.

A.W.BURKS: All right, well that's something for usto consider whether to put it in; as| say | was not trying to be

compl ete but given that priority maybeit should goin. 1t was certainly not like UNIVAC or IASor EDSAC or a

machine that was built and continued to do useful work during areasonable lifetime.

STERN: Okay. Inthe preliminary discussion of electrical design you talk about possibly including floating point,
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and it's decided not to do that.

A.W.BURKS: Yes.

STERN: Onwhat did you base your decision?

A.W.BURKS: Simplicity.

STERN: That'sreally seen as a quote "mistake."

[Thelast ten minutes of the interview are undeci pherabl e because of afailure with the recording device and cannot

be transcribed.]

END OF INTERVIEW
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