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Abstract

The paper explains the leading role of mathematicians in developing the high speed digital
computer on the East Coast. The high speed digital computer as cutting edge technology was
a view of mathematicians and served the academic field in universities but not the Cold War



R&D scenery where mainly analog computing and low speed digital computers with drum
memory were used. The paper portrays the application of analog computing in the
aeronautical cluster on the West Coast. The military strength of the US armed forces relied on
a strong air force and on the atomic bomb. But there was no need for high speed digital
computers in the US weapon factories. Instead, low speed digital computers with drum
memory and von Neumann architecture were used. The need for fast digital computers in
society had to be awakened by marketing measures.

The cluster of aeronautical industries on the West Coast producing bombers and fighter planes
(Lockheed, Boeing, Douglas, Northrop) did not issue a request of an urgent need for a high
speed digital computer. The mathematicians did not take the slow magnetic drum memory
into account. Surveys showed that the overwhelming number of digital computers that were
employed in the United States did not contain high speed memories but drum memories.
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Abstract

The paper explains the leading role of mathematicians in developing the high-speed digital
computer on the East Coast. The high-speed digital computer as cutting edge technology
was a view of mathematicians and served the academic field in universities but not the Cold
War R&D scenery where mainly analog computing and low-speed digital computers with
drum memory were used. The paper portrays the application of analog computing in the
aeronautical and oil cluster on the West Coast. The military strength of the US armed forces
relied on a strong air force and on the atomic bomb. But there was no need for high-speed
digital computers in the US weapon factories. Instead, low-speed digital computers with drum
memory and von Neumann architecture were used. The need for fast digital mainframe
computers in society had to be awakened by marketing measures.

The paper claims that the cluster of aeronautical industries on the West Coast producing
bombers and fighter planes (Lockheed, Boeing, Douglas, Northrop) did not issue a request of
an urgent need for a high-speed digital mainframe computer. The mathematicians did not
take the slow magnetic drum memory into account. Surveys showed that the overwhelming
number of digital computers that were employed in the United States did not contain high-
speed memories but drum memories.

Keywords: aeronautical industries, oil industry, work flow of engineers, wind tunnel, analog
computer, digital computer with drum, McBee LPC30, CRC 102, REAC computer, Monte
Carlo

1 Introduction

As authors Thomas Haigh and Paul Ceruzzi have noted in their new book, A New History of
Modern Computing, historiography on the digital computer has been heavily dominated by
the history of the mainframe computer, whereas little attention has been paid to small and
medium-sized computers, both analog computers and digital computers [1, p.36]. This paper
aims to fill this gap and show how small and medium-sized computers found important
applications in the development departments and laboratories of the defense industry. In
particular, | will focus on the aircraft and oil cluster in California. Military agencies equally
encouraged and funded developments of the digital computer as well as the analog
computer.

The theoretical physicist and mathematician John von Neumann, together with the
development group at the Moore School developing the ENIAC and the EDVAC, conceived



the computer architecture he coined and followed the idea of using this computer to solve
differential equations.” He combined the arithmetic unit with a high-speed memory in order to
be able to perform thousands of individual calculations per second with high-frequency
accesses to the memory by shifting intermediate values back and forth between the memory
and the arithmetic unit and adding a small incremental value A to the value x in each step.
The search for a reliable high-speed memory delayed the completion of John von Neumann's
IAS machine until 1951.2 While smaller computers with the von Neumann architecture, but
with a slow magnetic drum as primary memory, also appeared on the market as early as
1950, the von Neumann architecture with a high-speed memory could only be realized in
large computers, which were later called mainframes.

The strange thing about this development is that John von Neumann's goal of calculating
differential equations could be done much more easily with the analog computer and was
actually done in the development departments of industry. So, John von Neumann's view of
using a mainframe computer to solve differential equations was not without controversy. The
physicist from the Carnegie Institute of Technology in Pittsburgh, PA, James Koehler, said in
1947 that for many problems instead of using the large instrument ENIAC, it would be much
easier to use a small analog computer [31, p.148].® As this paper will show, small and
medium computers adapted much better to the needs in the development departments in
industry than the mainframe computers. As a result, there was initially no explicit need for
mainframe computers in the West Coast airplane cluster.

As primary sources this paper relies on contemporary journals on machine computing, like
Mathematical Tables and other Aids of Computation, on the Newsletter on Digital Computers
of the Office Naval Research, on the Proceedings of the Radio Institute Engineers (IRE) and
the Transactions of the American Institute of Electrical Engineers (AIEE). In addition, the
paper draws on the surveys on the development of computers around the year 1950 which
the Ballistic Research Laboratory in Aberdeen and the ERA corporation provided [60].
Further | refer to the Computer History Museum in Mountain View.

For the following, we need to distinguish between digital and analog computers. Digital
mainframe computers are computers that receive data input as a stream of numbers, and
transform this input stepwise with simple arithmetic instructions, and are built according to
the von Neumann architecture with a high-speed memory. Although the first two large digital
computers, the ENIAC and IBM’s SSEC (Selective Sequence Electronic Calculator) did not
follow the von Neumann architecture, they were perceived by the public as mainframe

! The broad field of differential equations was, according to the biography of William Aspray, most important for
von Neumann’s work in meteorology and nuclear weapons, see [7]. ENIAC stands for electronic numerical
integratorand computer, EDVAC stands for electronic discrete variable automatic computer. For the
development of ENIAC at the Moore School and the von Neumann architecture see[2].

2 |AS stands for Institute for Advanced Study in Princeton.

* The Journal of Applied Physics received the manuscript in July 1947.



computers. For their installation location, mainframes require an entire room. The first
mainframe machines ENIAC, IAS-computer, EDVAC and SEAC (Standards Eastern
Automatic Computer) were funded by military agencies.

In addition to the mainframe computers, there are smaller digital computers that use a slow
magnetic drum as primary memory instead of the high-speed main memory, but otherwise
also follow the von Neumann architecture. Furthermore, there are small digital computers
that do not follow the von Neumann architecture, but also capture data input as a stream of
numbers. These include Northrop's Maddida machine, the IBM 604 multiplier, and the IBM
CPC machine.

Digital computers were able to serve a broad variety of tasks. They were very useful in
arithmetic calculations, for example the determination of large prime numbers, multiplying
matrices and in accounting, for example in computing for thousands of customers
consumption times unit price and billing in public utilities. Analog computers could not solve
these problems. Also, digital computers were used to solve sets of linear equations and of
differential equations. The latter opened a field of competition to analog computers. But,
analog computer only could solve differential equations.

An analog computer (analogue computer or differential analyser) is a physical analog to the
problem it is solving. An analog computer gets its input from electrical and mechanical
sensors that measure the variables of interest as physical quantities, as shaft rotation,
electrical resistance, frequency, etc.. According to Bernd Ulmann, an analog computer is a
piece of equipment whose components can be arranged to satisfy a given set of equations,
usually simultaneous ordinary differential equations [52], [53,] [56], [58]. Electro-mechanical
analog computers have been used by the military for artillery fire control since 1900. As an
electronic analog computer one regards an analog computer that was driven by DC-
amplifiers with an amplification of 1:100.000 based on circuits with electronic tubes or with
transistors. The DC-amplifier was used by the Bell Laboratory in 1945 to support anti aircraft
guns [38].4

With their projects for guided missiles, military agencies induced a boom of electronic analog
computing machines. The Office of Naval Research (ONR) started the project Cyclone in
1946 with the firm Reeves Instruments in New York City. The aim of Cyclone was to build a
machine to simulate the flight of guided missiles [11], [43], [52], [53]. In the Cyclone project,
the firm Reeves embarked on the Bell Lab's DC-amplifier and became the first supplier for
commercial electronic analog computing devices in 1948. It was marketed very successfully
under the name REAC. Three years after its market entrance, in 1950, there were already 60

* For a transistorized analog computer see the brochure EAl TR-10 of EAI 1960, source: Computer Museum
Mountain View.



REAC systems throughout the U.S., showing the high demand for computing solutions,
presumably in the aeronautical industry. In New York City, the ONR organized a symposium
for REAC-Techniques in 1951 with twenty participants [9].

In 1947, following up on Cyclone, the ONR contracted the Typhoon project with the Radio
Corporation of America (RCA) lab in Princeton, New Jersey, which was also for simulating
guided missiles and developing anti aircraft missiles [52].° Besides the policy to directly fund
the development of electronic analog computers, the military agencies gave contracts for
airframes to aeronautical firms with sufficient financial volume to develop electronic analog
computers themselves, to conduct their designing tasks for airframes.

2 Analog and Digital Computing in the Aeronautical and
Oil Cluster

The focus on high-speed digital computing on mainframes in the historiography overshadows
the rich landscape of machine computing that developed during the years 1944 to 1955,
primarily on the West Coast. In the ecology of knowledge the high-speed digital computer
played only a minor role. The success stories overstated a need of high-speed computing
that was employed in Cold War science and technology laboratories in industry only to a
small extent.

When one regards the journals on machine computing and physics of this time, they reveal a
rich variety of computing machines for science and engineering. One finds a great number of
analog computers and many digital computers with a high-speed arithmetic unit (based on
electronic tubes) but with low-speed access to the drum memory. If one sifts through the
statements in the sources, three points emerge that prove the attractiveness of small
computers in the laboratories. First, it is often emphasized that the small computers can be
placed directly in the laboratory beside the office desk. This were done in the advertising of
REAC Computer (“office size”, cf. figure 1) and of MADDIDA [47].° Secondly, the sources on
analog computers underline the fast solvability of differential equations. If certain parameters
are readjusted in the laboratory, the solution of the new differential equation can be brought
about quickly (cf. figure 1). Thirdly, small digital computers with magnetic drums as main
memory can immediately record the data generated in the laboratory. They allow random
access to the data, which is not possible with the tape drives of the mainframe computers. As
long as no differential equations are to be solved on the small digital computers with

> In his book [22] on the social history of the IAS, George Dyson did not mention that in the RCA lab in
Princeton, only 2 miles away from the IAS, the Thyphoon project developed analog computers.
® Computer History Museum Mountain View, document no. 10885, 102710219.



magnetic drum, the slow access time to the magnetic drum data is not a disadvantage that is
of great importance, since only simple calculations are performed in the laboratory after the
data recording in the experiment, such as the determination of mean values or variances of
the data.

Here | display some examples of computers adjusted to the needs of the R&D labs.” The
California Institute of Technology in Pasadena (Caltech), CA, built in 1947 together with
Westinghouse Electric Corporation an all purpose electrical analog machine that could solve
partial differential equations up to three variables.® The machine worked within the error
margin of 1% to 5% which was understood as sufficient for most of the engineering tasks.
This computer was used by the Douglas Aircraft Corporation, based in Santa Monica, CA, for
the flutter analysis of aircraft wings [26], [55]. The flutter of wings at a critical speed is known
since 1920 and was always a problem in the design process that could not easily be solved
without a computer.

For small applications in the laboratories, electronic analog computers — based on the DC-
amplifier as a standard part — were rapidly developed into very useful commercially available
devices by the firms Reeves Instruments, Goodyear Aircraft, Boeing Aircraft, Electronic
Associates, Northrop Aircraft and Philbrick [59, p. 26].° It is striking that with Boeing, Northrop
and Goodyear Aircraft, three aeronautical firms entered the market of analog computers,
because in this industry the design process in aircraft and missile projects relied heavily on
the solution of differential equations. Analog computers served very well in this need. In its
advertisment Reeves Instruments underlines the speedy solution of differential equations
with its computer REAC (cf. figure 1).

” | draw on the journal Mathematical Tables and other Aids of Computation, sections News and Bibliography.
& Mathematical Tables and other Aids of Computation, vol. 4, 1949, no. 28, 501-513.
° For large scale flight simulation in the project Whirlwind see [17, chapter 7].
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Image 1: Advertisement of Reeves Instruments with the solution of
differential equations 1950. Reeves underlines speedy solutions.

(With permission of the Computer History Museum, Mountain View, Source:
http://www.computerhistory.org/revolution/analog-computers/3/150)

As the Lockheed engineers Mazelsky and O’Connel pointed out, aircraft design “usually
involves numerous calculations involving a large number of variations of structural
parameters®, where quick assessments of design alternatives were important [36, p. 68]. On
a mainframe digital computer, the calculations in the lab would be cumbersome because the
mainframe digital computer operated with tapes as secondary memory units instead of a
magnetic drum. Reducing the test data, assembling each part of the program, and finally the
main run were done one at a time, each requiring a tape change in the 1950s. The workflow
required at least two hours [32, p. 20].

The Bell Lab’s relay interpolator could perform tasks as integration, differentiation, solve
linear differential equations of first order, harmonic analysis and determination of roots of
polynoms [61, appendix]. The electrical-mechanical difference engine Vannevar Bush had
built at MIT got at Carnegy Institute of Technology in Pittsburgh, PA, an electronic
counterpart to solve non-linear differential equations [31].

To meet their computational needs the researchers in the Cold War industrial R&D scenery
developed their own analog or digital computers in their laboratories or bought medium
priced (50.000 to 100.000 Dollar) computers that were tailor-made for their needs. The
Lockheed Aircraft Corporation conducted an analysis of the shock absorption on the landing
gear by a Boeing analog computer [20].



Image 2: Léndihg Gear of Lockheed P38 (Image P_ress Release)

Besides the aircraft cluster in California, Cyrus Mody focussed attention to the oil industry in
California, that supported the development of computing machines very strongly. As he has
pointed out, the Consolidated Engineering Corporation (CEC) in Pasadena was a
manufacturer of measurement and analytical equipment used primarily in the oil industry [40,
p. 682]. CEC built in 1945 an analog computer to solve a system of linear equations up to 12
variables. The CEC company also built the Datatron digital computer with drum memory in
1951 [10]. The computer business was spun off from CEC to ElectroData, which was sold to
the office equipment manufacturer Borroughs in 1956. Datatron was given the name B205.
The Datatron computer laid the foundation for Borroughs' transformation into a computer
manufacturer that became IBM's third-largest competitor in the 1950s. Yet another
Californian firm founded to sell spectrometers for oil exploration: Beckman Instruments,
based in Pasadena, a start—up of Caltech. Beckman Instruments offered electronic analog
computers for the oil and aircraft cluster and marked with the foundation of Shockley
Semiconductor the nucleus of the industrial cluster that was later called Silicon Valley [13],
[52, p.12]. In 1955, Beckman Instruments developed the EASE analog computer in its
Berkeley branch factory and shipped it by airfreight from San Francisco to Indianapolis where
the Allison division of General Motors used it to design jet engines.

In contrast to what the success stories of high-speed mainframe computing suggest, the
propagation of magnetic drum digital computers with von Neumann architecture was rapid
and wide in the Cold War R&D scenery proving that the high-speed machines were not really
needed. The survey of Martin Weik on computing machines in 1955 at the Aberdeen
Laboratory of Computing reported on 70 types of digital computers with drums out of 80 [60].
IBM recognized by the “field men” of its applied science department the need for a
mediumpriced drum machine in contrast to their expensive 701 mainframe model and
announced in 1953 the IBM 650. This machine IBM leased very successfully since 1954 and
offered it to universities at a discount rate of 60 percent for science and education of students
[24]. The students became acquainted with computer technology and paved the way for
further marketing success of IBM. The 650 machine became the first digital computer that

10 Computer History Museum (www.computerhistory.org/revolution/analog-computers/3/150)



was produced in great numbers and induced users to assemble in “user groups” in order to
exchange programs and experiences with this machine. The historian Paul Ceruzzi
compared the 650 machine with Henry Ford‘'s model T in the automobile market [62, p. 176].

Unlike than mathematicians, who lacked expierences in laboratories, engineers and
scientists in the Cold War industrial R&D scenery linked their experiments to the need to
record the data they produced in experiments, e.g. in wind tunnels. In a second step, after
recording and reducing the data, arose the need to perform calculations with the data for
which simple computing machines were sufficient, because they did not want to solve a
differrential equation. The Computer Research Corporation offered in 1951 their digital model
CRC102 with von Neumann architecture and as main memory a drum of 1023 words for data
reduction and simple calculations [20, p. 242s]." The company Royal McBee offered since
1955 a small portable digital computer Librascope LGP30 with a drum of 4096 words, which
was used to support engineering tasks. These included reduction of wind tunnel test data,
missile development studies, jet engine test analysis, development of airfoil sections, stress
and weight studies.' The LGP30 machine was with 1583 deliveries equally successfull as
the IBM 650 machine [1, p. 37]."

From their work flow the engineers and scientists did not derive a special need for high-
speed digital computers. On a mainframe digital computer, the calculations in the lab were
cumbersome because the mainframe digital computer dealt with tapes as memory units
instead of a drum. Reducing the test data, assembling each part of the program, and finally
the main run were done one at a time, each requiring a tape change. The workflow in the
1950s required at least two hours [32, p. 20].

In respect to computational support of engineering at Douglas Aircraft Corporation a leading
manager, Charles Strang, regarded “a marked difference between our work and the
academic applications” for which high-speed digital computers were built [55, p. 94]. The
academic proponents of high-speed digital computers formulated a goal that did not meet the
needs in the Cold War industrial R&D scenery. Insisting on a high-speed memory, the
proponents followed since 1944 a path of nearly unsuccessful search for a reliable memory
unit until in 1953 the memory of magnetic cores was found [45, chapter 2 and 3]." The
academic orientation of the proponents can also be shown by the list of problems which the
Bureau of Standards published of its early use of the SEAC where industrial applications
were absent [5]. There was no flutter analysis of aircraft wings and no shock absorption of
aircraft gears. During October 1950 to December 1950 the SEAC ran 525 hours alone on the
academic problem of Linear Programming.’ The academic orientation of funding the digital

" For the predecessor machine CRC 101 see Digital Computer Newsletter, vol. 3, 1951, no. 2, p. 4.

12 Royal McBee booklet on LGP30, source: Computer Museum Mountain View.

B The digital computer developments with drum memory outside the U.S. should also be mentioned, for
example at the Aerodynamic Experimental unit in Géttingen, Germany, see [28].

4 For the search of memory technologies see session four of Symposium on Large-scale Digital Calculating
Machines, Harvard University 1947, jointly sponsored by the Navy Department Bureau of Ordnance and
Harvard University at the Computation Laboratory, MIT Press 1947, reprinted 1985, MIT Press, with a new
introduction by William Aspray.

5 Digital Computer Newsletter, 1951, vo. 3, no. 1, p. 3. The SEAC ran also the academic problem to find great
prime numbers. For the history of Linear Programming und Operations Research see [14].
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computer can also be shown by the order the Office of Naval Research gave to the
engineering Research Associates (ERA), Inc., based in St. Paul, Minnesota, to build a digital
computer for a logistic research project at George Washington University [48, p. 110, 117]."°

In the engineers’ professional organisations, Brent Jesiek observed a growing attention for
computing machinery during 1945 and 1953 to replace the leading role of mathematicians by
engineers. The Institute of Radio Engineers (IRE) and the American Institute of Electrical
Engineers (IAEE) had, during their national meetings, many panels on computing devices
between 1947 and 1953 [28, p. 8—10]. In 1947, the lively computing scenery led to the
foundation of the Association of Computing Machinery (ACM) in New York as the Eastern
Association for Computing Machinery that joined engineers, scientists, manufacturers,
dealers and users of computing machinery. Its creation reflects the increasing interest in
computing devices as evidenced by several events, including a January 1947 symposium at
Harvard University on large-scale digital calculating machinery, the six-meeting series in
1946-47 on digital and analog computing machinery conducted by the New York Chapter of
the AIEE, and the six-meeting-series in March and April 1947 on electronic computing
machinery conducted by the Department of Electrical Engineering at MIT. Together the three
associations, ACM, IRE and AIEE, conducted several conferences on computing machines
serving as forum for industrial applications."’

3 Computing for Nuclear Weapons and the Monte Carlo
Method

This section provides an overview of the calculations carried out in connection with the
development of nuclear weapons between 1945 and 1950. The Los Alamos development site
was poorly equipped in terms of computing technology and could only rely on IBM punch
card machines [6]. The first mainframe computer at Los Alamos was the MANIAC computer. It
could be built at this research facility according to the von Neumann architecture and was
completed in 1952 [37]. For this reason, before 1952 the Los Alamos research facility had to
rely on external mainframe computers for complex calculations. These calculations were
performed both on the ENIAC in its original configuration and its further development in the
direction of the von Neumann architecture and also in the context of the Monte Carlo
method on other devices, such as punch card machines. Immediately after its completion at
the end of 1945, ENIAC was used to calculate a fusion reaction for the fusion bomb. It ran in
a simplified one-dimensional model of fusion. In the spring of 1946, a conference was held in

16 pigital Computer Newsletter, 1952, vo. 3, no. 4, p. 3.

7 Web site ACM, http://www.acm.org/about-acm/acm-history. New York Times on December 14, 1947. Joint
AIEE-IRE Computer Conference. Review of Electronic Digital Computers, Philadelphia 1951 (with support of
ACM). Proceedings of the Western Computer Conference, held by the Joint IRE-AIEE-ACM Computer Conference
Committee, Los Angeles, February 4-6, 1953. Reprint 1985, Introduction of William Aspray, 1985, p. x.
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Los Alamos to review the results of these calculations, which indicated that the development
of a fusion bomb was promising [27, p. 135].In 1948, Klari von Neumann and Nicholas
Metropolis used the Monte Carlo method to calculate neutron scattering in the context of
the atomic bomb on the modified ENIAC. This work was documented by Thomas Haigh, Mark
Priestley and Crispin Rope in a careful archive-based research. Between April 1948 and June
1949, they were able to explore three different runs to simulate neutron scattering on the
ENIAC [2, pp.173-206]. The random numbers used were not entered into ENIAC from
externally supplied punched cards, but were generated directly within ENIAC using a
subroutine based on a suggestion by John von Neumann. The fusion bomb, also known as
the "Super", was the subject of a Monte Carlo simulation on the ENIAC in 1950 with the
qguestion of how much tritium would be required for the fusion process to run independently
[2, p. 174].

The term Monte Carlo is a generic term for a variety of computational techniques that trace
the random behavior of a large number of individual events, such as atoms in gases or

III

neutrons in reactors, in “an artificial stochastic model” and draw conclusions for the overall
system. In addition, equations in a “non-probabilistic context could also be approximately
solved using the Monte Carlo method, which could not be solved using standard numeric
methods” [41, p. V]. By introducing random numbers into the calculation, the random
behavior of the individual events was simulated. Based on an idea by Stan Ulam, both Stan
Ulam and John von Neumann invented the use of randomized methods in 1946 in Los
Alamos and gave the method the name "Monte Carlo method" [12, p. 134]. This term
immediately fascinated mathematicians and scientists, as Monte Carlo was presumably
associated with gambling worldwide. The RAND Corporation of the U.S. Air Force bundled
these ideas and in 1949, together with the Oak Ridge National Laboratory (ORNL) and the
Institute for Numerical Analysis (Los Angeles) of the National Applied Mathematics
Laboratories, organized the first scientific conference on the Monte Carlo method in Los
Angeles at UCLA University, which was later followed by others and brought together those
involved in nuclear weapons research, including the Los Alamos Scientific Laboratory [41]. At
the three-day conference, various papers on the scattering or attenuation of neutrons were
presented, as well as methods for generating uniformly distributed random numbers. In one
paper, Shoor et al. a research group from Northrop Aircraft described how they were able to
calculate approximately 400 neutron life cycles per day. They calculated on Northrop
Aircraft's Card Programmed Calculator (CPC) and used around 2.5 million punched cards for
their project.[51] *® The physicist Gilbert King put the Monte Carlo method in the context of
stochastic methods in Statistical Mechanics, such as Markov chains. In a remarkable way, the
contributions to this symposium make it clear that no digital computer was required to

'® For the Card Programmed Calculator see [4, p. 227].
12



generate random numbers. Rather, RAND generated their random numbers with a kind of
fast-spinning roulette table and published tables of random numbers that other scientists
could use. A RAND Corporation publication with random numbers became a bestseller in the
RAND book program [57, p. 50]. Even the evaluation of simulation experiments using the
Monte Carlo method did not necessarily have to be done on a mainframe computer. Most
authors report the use of standard punched card equipment from IBM, such as the punch
card calculators IBM 602, 603, 604 and CPC. Only one article by Maria Mayer deals with the
use of ENIAC, the only mainframe computer available at the time apart from the SSEC [34].

4 The Mainframe Computer as Technology Push

If one wants to explain the spread of digital mainframe computers, the distinction between
demand-pull technologies and technology-push, which is well known in innovation research,
is useful and will be introduced here in the historiography of digital computers [42]. One
speaks of a demand-pull technology when a technology has been developed to satisfy an
urgent need for problem solving in society. Examples of demand-pull technologies include
railroads and telegraph lines [50]. The societal benefit of these technologies became
immediately apparent and so big that they spread rapidly.

Here we will examine whether the mainframe digital computer can be considered a demand-
pull technology. There was no particular need for a high-speed digital computer in the West
Coast aeronautical cluster. No documents indicate this. Leading industrialists also viewed the
mainframe digital computer as more of a scientific curiosity and estimated the need for
mainframe digital computers as rather small [3, p. 76]. As one of the first digital computers
ever, IBM's SSEC ran as a demonstration of flashing lights for the public at IBM's New York
headquarters since 1948, without any urgent problems being calculated on it - apart from the
calculation of the moon's orbit - except for a Monte Carlo simulation that John von Neumann
had calculated there in a private action. Since there was no great need for the services of a
mainframe digital computer, mainframe digital computers were not a demand-pull technology
but a technology-push development.

In a technology-push technology, the promoters of the new technology must deal with the
public's ignorance of the benefits of a new technology and use marketing campaigns to
convince the public that the new technology can successfully solve problems. In the
following, the high-speed mainframe computer is considered as a technology push.
Strikingly, there was no empirical survey of the need for computing machines in the R&D
labs of the defense industry, including Los Alamos. Rather, the mainframe computer was
developed and needs for computation were formulated that mathematicians in military

13



agencies could assume without empirical evidence. The needs thus had to be invented in
marketing campaigns for the mainframe computer, since the first high-speed mainframe
computers had no convincing utility. Their main memory was very small and unreliable
(mercury delay line) and could hardly be used for programming because programming aids
(operating systems, higher languages like FORTRAN, relative addresses) did not exist [54,
p. 14].” The great influence John von Neumann had contributed to successful marketing
campaigns for the high-speed digital computer.

In the press release inaugurating ENIAC to the public on February 15, 1946, the authors
cited engineering tasks as a new justification for mainframe computing that had previously
been unknown and not required by industry. The release stated that ENIAC would enable
industry to perform more advanced engineering based on complex mathematical
calculations.® In December 1947, the Aberdeen laboratory held a major marketing show for
the ENIAC, attended by 300 people.”

Proponents of the mainframe computer, such as John von Neumann and Robert
Oppenheimer (director of the Institute for Advanced Study at Princeton and former director of
the Los Alamos Manhattan Project), cited new fields such as weather forecasting,
mathematics, engineering, and election prediction as marketing efforts to justify the digital
computer.?? These areas of computational desire had not been previously articulated. In his
speech at the marketing ceremony for the introduction of IBM's 701 mainframe computer on
April 7, 1953, Oppenheimer described weather forecasting as an important application
area.?® From the subject of weather, one can infer an unlimited need for computing power
and memory as one refines the grid of data observation and the underlying models. As early
as the fundraising phase for his IAS computer in 1945, von Neumann offered military
agencies the possibility of weather forecasting as an important field of digital computation.
Von Neumann emphasized the great importance of weather forecasting for battlefield
operations. The Office of Naval Research had supported the Numerical Meteorology Project
since 1946 with five researchers at the Institute for Advanced Study [2, pp.214-220], [7, pp.
129-154], [22, chapter 9].>* But it was not until 1952 that numerical results for weather
forecasting could be derived on the IAS computer. Already on the ENIAC, von Neumann

'® The first Univac | Computer, delivered in 1951 to the Bureau of Census, required maintenance to a large
extent, see [63, chapter 10]. On the reliability of the ENIAC see [2, p. 207]. For the difficulties to program a IBM
701 at Douglas Aircraft see [4], [8].
% New York Times, Februar 15, 1946. For the press coverage of ENIAC see [35].
2L New York Times, December 14, 1947.
2 To introduce the new mainframe digital computer Univac | the producing firm Remington Rand took a
marketing action to focus public attention. During the presidential election in 1952 it made a prediction of the
outcome based on a statistical program that was evaluated on the Univac I. For the forecast of the election of
President Eisenhower in 1952 with the aid of Univac | see [17, pp.110-112]. Also IBM developed software on
the 701 for the forecast of the presidential election in 1956, see [29].
2 The speech of Oppenheimer is reprinted in Annals for the History of Computing, vol. 5, no. 2, 1983, 157.
* See also the announcement of the new IAS Computer in Mathematical Tables and Other Aids to Computation,
Vol. 6, No. 40, 1952, 245.
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integrated the barotope vertoceticity equation for weather prediction. Whether this equation
could also be integrated by an analog computer is unknown, but Viadimir Zworykin made a
proposal for an analog computer for meteorological calculations in 1945 [18], [7, p. 130]. In
1950, a group of meteorologists computed a weather model on ENIAC at Aberdeen [2, pp.
215-219].

As part of the marketing campaign, von Neumann considered the analog computer to be a
competitor of his ideas. In several speeches, he warned that the analog computer would
make computational errors that were outside tolerable limits.? The physicist James Koehler
from Carnegie Institute of Technology rejected the accusation that analog computers lack
accuracy. He emphasized that it “is the initial rough solution which is often very difficult to
obtain” and that an analog computer makes it possible to find the initial rough solution. But,
the rough solution could be brought into the range of high accuracy with simple means [31, p.
148].

During the periode of the marketing campaigns for the mainframe digital computer, there was
no mention of the achievements of analog computers in the design and testing of new aircraft
and rockets. An image article in Datamation magazine on the occasion of the delivery of a
new IBM Computer 7090 to the Marshall Space Flight Center [21] in 1960 gave extensive
credit to the Flight Center's inventory of digital computers, but made no mention of the
extensive facilities for analog computers [32].° The computing centre of Marshall Space
Flight Center was led by Helmut Hoelzer, the inventor of the analog computer of the rocket
V2 [21]. In the 1960s, the separate applications of digital computers and analog computers at
the Marshall Space Flight Center changed to hybrid systems. In 1967, the EAl Company
delivered a large EAI 8900 hybrid computer to the Marshall Space Flight Center for the
development of the Saturn rocket.”’

In the academic field of mathematics, the mainframe computer led scientists to the
endeavour to calculate large prime numbers that analog computers could not compute. The
mathematician Derrick Lehmer, the editor of the journal Mathematical Tables and other Aids
of Computation, published already in 1947 on large prime numbers he found with the aid of
the ENIAC. Also on the SEAC prime numbers were computed [33], [25, p. 232s].% Also von
Neumann used the topic of prime number computation to advertise the IAS computer to the
public, as is shown by a note in the journal Mathematical Tables where it is stated that by

% Winter Meeting of the American Institute of Electrical Engineers in New York, January 1947, Mathematical
Tables and other Aids of Computation, vol. 2, 1947, p. 368. Summer Meeting of the Mathematical Association
of America, September 1947 in Yale, Mathematical Tables and other Aids of Computation, vol. 3, 1948, p. 58.
% For the Marshall Space Flight Center see Andrew Dunar, Power to Explore: A History of Marshall Space Flight
Center, 1960-1990, Washington D.C. 1999.
27 Marshall Space Flight Center press release, Signal, March 1967, 40.
% Also [2, p. 96]. Digital Computer Newsletter, vol. 3, 1951, no. 1, p. 4. For the computing of primes see [15],

[16].
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computing prime numbers a theorem of algebraic number theory was tested.?® On the
EDSAC at Cambridge, England, B. Worsley computed in 1949 the prime numbers up to 1023
to demonstrate the utility of the machine for the academic public [46, p. 429]. These
examples support the conjecture that digital computers were an invention of mathematicians.
Engineers were not interested in the topic of prime numbers. It must be mentioned that prime
number calculation was purely academic until in the 1980s it became known that prime
numbers could be used to encrypt documents.

5 Conclusion

The paper shows that high-speed mainframe computers did not meet the needs of the Cold
War R&D scenery in the cluster of the aeronautical industry on the West Coast. Instead, the
industry developed its own solutions for computing machines. Noteworthy is the leading role
of the aeronautical industry and oil industry in developing computing machines. It consisted
of strong design departments and a welleducated workforce of engineers that applied
computational methods in aircraft design. Its a stroke of luck in historical research to find two
clear cut patterns: On the one hand, the East Coast with mathematicians and academic
orientation building high-speed digital computers (mainframe). On the other hand, on the
West Coast, the engineers in the aeronautical cluster building small scale analog and digital
computers that served the needs of the aeronautical industry. Only in 1953, Mike Haynes
and Jay Forrester invented with the core memory a reliable main memory for the digital
computer. The path for the expansion of the digital computer was open. The extent of the
main memory could be scaled up now [29, p. 170s], [44, pp. 34-80]. Only the wide
distribution of the digital IBM CPC machines with punch cards in the aeronautical cluster
created a need to use the mainframe computer [8].

If we transfer this pattern onto other countries, we find in the 1940s similar patterns of a
strong aeronautical industry with a welleducated workforce of engineers also in Great Britain,
as shown in the book of James Small, and in the former Soviet Union. So, we can expect
similar developments of computing machines in the Soviet Union during the period 1940-
1955. This question is left to further research.

| thank anonymous referees for valuable comments.

» Mathematical Tables and Other Aids to Computation, vol. 6, No. 40 (Oct., 1952), 245. For the computation of
the 611 prime numbers see the note of von Neumann and Goldstine in Mathematical Tables and Other
Aids to Computation, Vol. 7, No. 42 (April, 1953), p. 134.
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