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Presidential Address 

GENESIS OF THE ENIAC 

JOHN G. BRAINERD 

The ENIAC (electronic numerical integrator and computer) was 
the world's first large-scale digital electronic general-purpose 
computer. It was a general-purpose computer-though even today 
there are authors who refer to it as a specialized machine. It was also 

large scale, a distinction which should be made because there were 

already in existence electronic counter circuits and other small-scale 
electronic circuits intended for calculation. The ENIAC was a massive 
machine-its size in comparison with modern machines might be 
likened to the ratio of the size of an old-time vacuum tube to that of a 
modern transistor. It should be noted that the chief problem in de- 

veloping the ENIAC was reliability, a problem not met in small-scale 
machines which are sometimes considered its predecessors. 

The Moore School, home of the ENIAC, was separately endowed 
and founded in the fall of 1923 with Harold Pender as dean. (Pender 
was a student of Henry Rowland at Johns Hopkins in the late 1890s 
and was very proud of his doctorate, won at a time when a very few 
were being produced.) By 1930 he had assembled a group including 
five brilliant and keen men who might well be described as energetic 
"academic entrepreneurs." Their spirit of combined initiative and 

judgment continued in the Moore School until the beginning of 
World War II, by which time three of the men were in war work 
elsewhere. 

Turn your thoughts to the 1930s and imagine the status of en- 

gineering divisions of universities at that time. First, there were virtu- 
ally no government contracts-the extensive distribution of these did 
not occur until after World War II; second, most universities had had 
little experience at the top administrative and accounting levels in 

DR. BRAINERD, University Professor at the University of Pennsylvania, was the super- 
visor in responsible charge of the ENIAC project and later served as director of the 
University's Moore School of Electrical Engineering for fifteen years. In this paper, 
presented as his presidential address to the Society for the History of Technology in 
Washington, D.C., on October 17, 1975, Dr. Brainerd refers to himself in the third 
person. 
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handling contract R & D work: third, in at least some of the univer- 
sities there was, before the United States got into the war, a prejudice 
against that sort of work; fourth, there was almost no experience on 
the part of the faculty members in most universities in the manage- 
ment of even medium-sized R & D projects. 

When one looks into the background of the ENIAC, one finds at 
least ten different developments which prepared the Moore School to 
undertake the first large-scale electronic digital general-purpose 
computer; it is my intention to mention each one of these briefly to 
indicate the mood at the time we undertook the work on the ENIAC. 
Interestingly enough, if any one of these had not taken place, the 
ENIAC project might not have materialized. 

1. In 1933-34 several members of the Moore School faculty, after 
having spent much time on nonlinear and varying-parameter equa- 
tions representing physical problems, had concluded that some gen- 
eral improvement in such analysis was a necessity for most further ad- 
vances. An inspiration on the part of Irven Travis led us to realize 
that it might be possible to obtain government assistance to construct 
a differential analyzer. At the time only one such instrument was in 
existence: it was the original recently developed by Vannevar Bush at 
Massachusetts Institute of Technology. 

To obtain government aid it was necessary to have government 
sponsorship, and by a happy coincidence of graduates and other fac- 
tors, the Moore School found a connection with the Ballistic Research 
Laboratory (BRL) of the Ordnance Department. The BRL had a 
similar problem of physical analysis, and it endorsed the proposed 
Moore School differential analyzer on the condition that the same 

plans be used to construct a separate sister machine for the BRL. A 
staff of skilled persons was then obtained from CWA (Civil Works 
Administration) and FERA (Federal Emergency Relief Administra- 
tion). 

With the full cooperation of Bush, the help of skilled machinists, 
draftsmen, designers, etc., assigned by CWA and FERA, and the infu- 
sion of some Moore School talent and money, the Moore School dif- 
ferential analyzer was constructed and in operation by the end of 
1934. A faculty committee composed of Travis, Weygandt, and 
Brainerd (chairman) was set up to supervise the operation of the 
differential analyzer, which at the time was probably one of the 
largest computing machines in the world. (In 1935-36 Brainerd, on 
leave of absence with the Public Works Administration, not only had 
responsible managerial and administrative duties, but also had ex- 

perience with the Westinghouse network calculator, one of the exist- 
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ing large analog machines of quite different character from the 
differential analyzer.) 

2. In 1938, Travis (later a vice-president of Burroughs) was asked 
to look into the possibility of the ganging of desk calculators to create 
a large mechanical digital calculator. His work, undertaken while con- 

sulting for a large corporation, concluded that the ganging was not 
feasible. However, Travis and Brainerd discussed various possibilities 
extensively and raised the question of why it could not be done elec- 

tronically. In the ensuing years the talk of a large electronic computer 
popped up occasionally. 

3. Early in 1940 the Moore School undertook a project for the 

Navy concerned with sweeping for magnetic mines by planes. At the 
time the Moore School had no definite plans for handling contracts, 
and indeed the project was proposed on a rush basis and carried on 
without a contract for some time. It was successfully completed, and a 
test plane was equipped with a sweeping apparatus so that places like 
the Panama Canal might be swept for magnetic mines. Although the 
Germans introduced the combined magnetic and acoustic mine which 
rendered purely magnetic sweeping useless, considerable valuable 

experience was built up out of this project. 
4. Early in 1940 Colonel Zornig, then director of BRL, came to the 

Moore School to discuss the use of the differential analyzer. In accor- 
dance with an understanding which had existed ever since the BRL 
had endorsed its construction, Pender called on Brainerd to arrange 
an agreement with BRL for using the differential analyzer. Thus 

began the more or less intimate connection which the Moore School 
had with the BRL throughout the war and for several years after. 
Within a year not only was the Moore School differential analyzer 
being used by BRL, but in addition Colonel Leslie Simon (later Major 
General Simon in charge of army research), the new director of BRL 

succeeding Zornig (who had had a heart attack), asked the Moore 
School to cooperate by providing a staff of human computers. The 
Moore School immediately agreed, and the staff, primarily women 

college graduates who could handle some mathematics, quickly grew 
to more than 100. Not only did the Moore School obtain recruits to 
make up for the rapid turnover amongst the computing staff, but it 
also set up courses to train college women who were not afraid of 
mathematics. The employment program and the teaching program 
(classes were six hours a day, five days a week, and continued for 
three months) were successful, but by 1943 it was apparent that some- 

thing more was needed: not only was there a growing shortage of 
women to fill places, but the amount of work to be done had been 
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steadily growing. However, the employment program and the teach- 
ing continued until the end of World War II. 

5. In November 1941 Brainerd attended a government-sponsored 
ultra-high-frequency program at M.I.T. While there, he raised the 
question privately of whether the Moore School could do some R & D 
work for the Radiation Laboratory located at M.I.T. As a result, a series 
of about ten definite R & D problems was proposed from which the 
Moore School (and certain other institutions) might pick. Brainerd 
assembled a group of possibly interested persons on the Moore 
School staff, including Arthur W. Burks, Joseph Chedaker, J. Presper 
Eckert, and Kite Sharpless, and a precise problem calling for an 
amplifier with a bandwidth greater than any then in existence was 
chosen. 

6. The PL project which ensued grew, after the successful comple- 
tion of the first problem, into one involving counters and mercury 
delay lines. This project continued until June 1943, when it was 
necessary to terminate it to take up the ENIAC project. It was a 
matter of luck that the Radiation Laboratory request that the Moore 
School group move to Cambridge was received only shortly after the 
first consideration of the ENIAC project and was regretfully turned 
down. A difference of a few months might have led to many of the 
core of the Moore School staff being in Massachusetts. 

7. In addition to the BRL computer group on the campus and the 
use of the differential analyzer by BRL, the Moore School in 1942 set 
up two separate computing groups of smaller size independent of the 
BRL group. These two smaller groups carried out the analysis of 
special problems and allowed the large group to have continuity in its 
particular work. The two smaller groups were manned (if I may use 
the word-they were staffed entirely by women) by Moore School 
personnel (no Civil Service employees). 

8. There was in the combination of factors listed above a 
psychological buildup which made the ENIAC project seem a natural 
advance. The Moore School had more than 150 human computers; 
about fifty were direct employees of the Moore School, and the others 
were primarily Civil Service personnel. There had accumulated ex- 
perience in management, experience in both building and operating 
a large machine (differential analyzer) and an awareness of need 
which was to some extent a culmination of the thinking of the previ- 
ous five years, and the realization of the fact that the total of human 
computers plus the differential analyzer would not be able to keep up 
with the growing needs of the war. A receptive climate existed. 

9. Availability of personnel for the beginning of the ENIAC proj- 
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ect was intimately tied to the then current, although not the histori- 
cal, knowledge we had available. Thus, Chedaker, Eckert, and Sharp- 
less were deeply involved in work on advanced electronic circuits, 
electronic counters, and delay lines on project PL; Burks and John W. 

Mauchly were involved in related radar work on project PZ (a Signal 
Corps project obtained by Brainerd); while Brainerd, as initiator and 
supervisor of sundry projects, was mostly connected with planning 
the work. In addition Brainerd had the historical and project super- 
visory experience and seniority in the university sufficient to bring 
together a well-qualified group, readjust or eliminate other projects, 
and consider the entire matter against the historical background of 

computers and computing which existed in the Moore School. 
10. The question of university acceptance and Moore School sup- 

port brought into the picture the dean of the Moore School, Harold 
Pender, and the university administrative vice-president, Henry Mus- 
ser (a professor of English). On the basis of a memorandum from 
Brainerd outlining the proposed ENIAC project and many discus- 
sions, Pender agreed to go along provided Brainerd would assume 

complete responsibility for the project. The administrative vice presi- 
dent, Musser, who had not been enthusiastic about government con- 
tracts, was convinced by the joint efforts of Pender and Brainerd and 

agreed to sign a contract if it became available. The contract did 
materialize, and work began officially in the Moore School on June 1, 
1943, although actually some work had been done in the last two 
weeks of May. 

* * * 

Although the Eckert-Mauchly combination has become justly 
famed in computer history, it should be realized that persons such as 

Sharpless, Burks, and Chedaker also made quite substantial contribu- 
tions to the ENIAC. In any assessment of the participation in the 

development, design, and construction of the ENIAC, credit should 
be given not only to Eckert but also to the three research engineers 
mentioned above and to other research engineers who worked on the 
project. 

Eckert had been a very brilliant graduate student at Penn and had 
been appointed an instructor. He had alone developed a novel delay 
line using mercury instead of water (a water delay line had been used 
previously) with a resulting condensation in volume. This and much 
other work stood us in good stead, both on the PL project and on the 
ENIAC project. 
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Mauchly had taken an ESMWT course and had come to the atten- 
tion of both Carl C. Chambers (Moore School professor) and 
Brainerd. He was interested in numerical calculation and had con- 
structed a crude computer similar to a simple desk calculator. 
Brainerd, who was serving for Pender during the summer of 1941, 
strongly recommended to Pender (by telephone) that Mauchly be 
offered a position to fill a vacancy in the existing Moore School staff. 
After extended discussion, Pender reluctantly authorized Brainerd to 
offer Mauchly the position. Thus it was that Mauchly came to be 
associated with the Moore School. 

Sharpless should not be overlooked-his ability is illustrated by the 
fact that he became vice-president of Technitrol (2,500 employees) 
and on the basis of his later patents accumulated sufficient funds so 
that he was able to make the largest gift ever made by an individual to 
his alma mater, Haverford College. 

Chedaker, who recently passed away, had been responsible for the 
actual construction and demonstration of the amplifier which was 
requested by the Radiation Laboratory on project PL. He returned 
from his successful demonstration with the request that we im- 

mediately supply four more, and these were built under his supervi- 
sion. On the ENIAC project he was responsible for construction of 
the huge machine. This was a novel undertaking for a university and 

required the efforts of many workers ranging from factory girls to 

"moonlighting" telephone linemen. 
When the ENIAC contract was received, Mauchly and Burks were 

working on the Moore School PZ projects concerned with radar an- 
tenna analysis for the Signal Corps, and Eckert, Sharpless, and 
Chedaker were working on the PL project previously mentioned for 
the Radiation Laboratory. 

The last steps in the prehistory of the ENIAC moved quickly. 
Mauchly drew up a proposal, without any technical details or mention 
of the reliability problem, and gave it to Brainerd in March 1943. 
Although it was dated August 1942, no document bearing that date 
was ever found. Brainerd wrote an encouraging note, and showed the 
memorandum to Lieutenant Herman H. Goldstine, who had been 

assigned as a liaison officer between the Moore School and BRL. In 

April 1943 Goldstine asked Brainerd to meet Simon of BRL. 
Brainerd wrote out by hand a proposal after consultation with the 
others who might be on the project. He chose Mauchly (because of his 

original memorandum) and Eckert (because of his well-demonstrated 
electronic circuit ability) to go to BRL with him. 

There Brainerd discussed the project with several persons, includ- 
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ing Colonel Paul N. Gillon, executive officer of BRL, and Simon. 
Brainerd then retired. A short time later Oswald Veblen (nephew of 
the famous economist, Thorstein, and Princeton professor of 
mathematics on leave to the Ordnance Department during the war) 
said to Brainerd, "You look like the cat who swallowed the canary." 
Since Brainerd had no idea how successful the discussion had been, 
he had to have the sentence interpreted, whereupon Veblen told him 
the Moore School would have a contract. 

Summarizing the final results, it is only fair to say that Simon and 
Samuel Feltman, a civilian comptroller with the Ordnance Depart- 
ment, showed much courage in initiating and sticking to the ENIAC 

project in the following two years. As a practical matter it might be 
noted that the review committee looking over the work of BRL after 
the war suggested that Simon be reprimanded for spending large 
sums of money on a project which could only enter the later stages of 
the war. This criticism was easily countered by Simon, and the com- 
mittee made no such recommendation. 

Two others who deserve mention are Captain (formerly Lieuten- 
ant) Goldstine and Gillon. It was a result of Goldstine's enthusiastic 

promotion of the proposed project with Gillon and later with Simon 
that paved the way for Brainerd to consult with Simon in the meeting 
which produced the agreement to form the ENIAC project. 

One vital point might be noted, namely, that when as a matter of 
precaution the proposal was sent to several well-known persons for 
review, the resulting recommendations were somewhat uniformly 
negative. These had to be countered before the final contract for the 
first stage of the ENIAC was signed.1 

'This article has been written without consulting outside sources. In particular, 
Mauchly has written an article appearing in the IEEE Spectrum (April 1975) entitled 
"Mauchly on the Trials of Building the ENIAC." Some material duplicates the events 
described in the present article. However, the emphasis is entirely different, and only 
Eckert and Mauchly, himself, are mentioned in the entire article. It thus presents the 
point of view of a person not too well acquainted with the Moore School background in 

computers. 
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