QUTLINE OF PLANS FOR DEVELOPYENT OF ELECTRONIC COMPUTORS

The first objective of the proposed company will be to
design and develop a multi-purpose rapid computing machine of mod-
erate cost.

Two or three years will be required for this development.
This estimate, and the estimate of engineering staff and operating
funds needed for this period, are based on the experience gained
(by those who will form this company) during the development and
construction of the ENIAC, the first electronic multi-purpose com-
puting machine ever to be built.

It is hoped that, during the developmental period, con-
tracts may be secured which will help to defray the development
costs. Since at the present time such contracts have not yet been
assured, and since some of the development contracts which are in
view might require larger or somewhat different types of machines,
it appears that a conservative procedure is to secure enough cap-
ital in advance so that the entire development program can be car-
ried out even though no such assisting contracts can be made. '

In the event that additional funds can be secured through
such development contracts, the scale of costs - both as to the
number of engineers employed and other costs - can be increased by
about 50% per year (estimate B). In this case, the overall time of
development might be shortened, since this increase in the size of
the organization remains compatible with efficient engineering and
research supervision and management. '

The machines to be developed, whether for business and
accounting purposes, or scientific and engineering work, will re-
present a great advance over the present ENIAC, being more easily
and automatically controlled, and involving considerably less eqaip-
ment. An essential improvement lies in increasing the speed of the
associated mechanical equipment by replacing present punched card
equipment by radically different devices. Not only will such new
machines be much smaller and more easily operated, but the relia-
bility of their operation can be substantially improved.

As a consequence of these impiovementa, both the initial
cost and the maintenance of such machines will be made much lower.

The market for high-speed multi-purpose computing machines

-of moderate cost can be indicated by the following brief list of

possible userss:

l. Scientifiec laboratories, universities and research
foundations.

2. Industrial research and engineering laboratories.
3. 'The U. S. Census Bureau.
4., The U. S. Weather Bureau.

5. Other government agencies such as the U. S. Bureau
of Standards.

6. Astronomical observatories.
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7, Accounting and bookkeeping departments of large
business firms.

8. Inventory, stock control and planning of departments
of large business firms.

9. Agencies having voluminous files and records, libraries,
social security offices, etc.

10. Insurance companies, both for records and actuarial work.

It is believed that the equipment tc be developed will
constitute a sufficiently great improvement over existing business
mgchines, and will be cheap enough, so that its use will be extended
to many places which now cannot even consider the introduction of
automatice machine methods. The electronic devices will not only have
superior speed and flexibility, but will carry out a longer and more
complicated routine without human supervision during the course of
the work. Thus business firms will find that the same work, such as
large payroll or inventory jobs, can be carried out with a smaller
operating personnel than with any equipment now in use for such work.

Agencies now using punched cards frequently find the stor-
age of these cards a difficult problem. This storage problem will all
but vanish with the new eguipment which it is proposed to develop.
The same information which now requires 50,000 punched cards (occupy-
ing an entire filing cabinet) can be stored on a spool of magnetic
tape or wire which can easily be carried in one's pocket (which is
less than 1/1000 the size by volume). It is obvicus that this com-
pactness of storage is important in another way, since it means that
when an operator has placed such a spool in the electronic apparatus,
she has in that simple act performed the equivalent of carrying
50,000 punched cards from the storage file to one of the present day
business machines. To carry that many cards, and see that they are

properly fed into the card machine, is a laborious and time-consuming
job in itself.

Taking into account the more automatic way in which large
quantities of information can be fed into the eleetronic equipment,
it is estimated that when the operation to be carried out is one of
gsorting or arranging the data, the electronic deviee will funection
at a rate perhaps ten times that of present card machines. For oper-
ations which require computations, the advantage will be even more
marked. As an example, a card machine may require several seconds to
perform a single multiplication. The electronic computor will perform
about 1000 multiplications in one second.

The physiecal size or bulk of such an electronic device
might be slightly larger than one of the present card machines. It
should be borne in mind, however, that this single machine will do
everything that is required, while from four to six different card
machines may be required to perform the various operations needed
for ordinary business and accounting work. (In addition to the elec-
tronic computor itself, there will be a small auxiliary device, like
a typewriter, for the preparation of magnetic tape and the printing
of results. This corresponds to the key punch devices for cards, gnd
the card tabulators). 5
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The cost of such electroniec computor, of course, can
only be estimated very roughly at this time, but present judgment
is that the development work will make it possible to market such
a machine for less than $30,000. and possibly as low as $5,000.
That such a cost is not unreasonable is indicated by the fact that
many business firms spend more than $30,000. per year for the rental
of eard machines which are not able to do what this equipment is ex-
pected to do. Furthermore, such firms spend about an equal amount
per year for personnel to operate these card machines. As already
stated, it is believed that a smaller staff will be able to operate
the electronic machine in those cases where the operations are re-
current routine business and accounting jobs.

It should be pointed out that the development here pro-
posed is based on prior development work done for Army Ordnance,
using government funds. Some of the devices which are to be used
are at present still under security classification. No patents are
as yet issued, but the work of filing patents is now in progress.
The inventors, who will head the proposed company, are required to
give the government a royalty-free license (non-exclusive) and
have agreed to license educational institutions to build and use
such devieces for non commercial purposes. The inventors now hold
the commercial rights under all patents which will issue.
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NAME OF THE COMPANY:

The company to be formed will be engaged in the development of,
and possibly the manufacture and sale of, electronic calculating
devices and a large variety of other devices which may be associ-
ated with such devices or utilized components of such devices. An
important category of such devices lies in the field of control
of industrial processes. With this in mind, the following names
are suggested. They are listed in order of preference:

Electronic Calculator Company.
Electroniec Control Company.
Blectronic Manufacturing Company.
Automatic Electroniec Control Co.

Automatic Electronic Company.

STATEMENT OF PURPOSE of the Proposed Company:

a&. To conduect, or to have conducted for it, research on elec-
tronig devices and associated equipment (examples itemized
later).

b. To perform services for others in connection with design,
development, installation and use of such items.

ce To manufacture, or to have manufactured for it, all such
items.

d. To sell such items, manufactured by it or for it.
e. To engage in consulting work (possibly covered by b.).
f. To publish books, manuels, technigal catalogs, etc.

g« To aecquire patent rights from others, either by licensing
or assignment, and to license or assign patents which it
controls to others.

he To rent or lease equipment which it owns or controls to
others for specific uses.

i. To conduct experimental or development work for, others
either on its own premises or on the premises of others.

Perhaps the purposes set forth in the corporation charters of
companies like IBM and RCA should be examined for further sug-
gestions.

Some indication of the extent of the interpretation to be given
to "electronic devices and associated equipment™ can be given by
listing some of the items now foreseen as coming within the range
of possible development. For thisg list, see the following:

The following list is intended to indicate the extent and variety
of devices and equipment which are now foreseen as subjects of
possible development or improvement by the engineering and re-
search work of the proposed company. Even at the present time,




this list cannot be complete or exhaustive, and the future de-
velopments in connection with electronic calculators and control
equipment will necessarily bring to light new fields of applica-
tion.

1.

10.

Automatic high~speed computing machines for scientifie and
engineering use. Examples: design of ship turbines, and
weather forecasting.

Automatic high-speed "business machines™ for accounting, in-
ventory, industrial phanning, marketing research, etc.

Automatic machines for instantly registering, at esome cen-
tral point, transactions made at numerous remote points,

and striking a current balance, computing running averages,
etc. Application to banks, department stores, stock exchang-
es, pullman reservations, race tracks, etc. ]

Automatic high-speed machines for all sorts of statistical
purposes. HExamples: organizing U. S. Census results, and pro-
viding, when required, answers to all questions by drawing

from voluminous Census Bureau dataza.

Automatic navagation equipment. In combination with Loran or
other equipment, high-speed calculations made automatically
can provide zll data for navigation and automatic control of
surface or air ships.

Commanication secrecy: High~spped electronic computing is
most closely associated with devicesfor coding, ciphering
and maintaining secrecy of communication. Adaptation of
computing devices are glso used in bregking down enenmy
secrecy systems. :

Television: Certain electronic circuits and components de-
veloped for computing machines can be used for improved tele-
vigion systems.

Typewriters and printing devices, linotypes, etec.: High-

speed typing and printing are important adjuncts of any high-
speed computor. Developments for computing purposes may be
applied to allied devices, improvement of electric typewriters,
linotype machines, etc.

Control of high-speed knitting machines: Knitting or weaving
machines for making intricate designs in woven or knitted
fabrics must be controlled in accordance with a desired pat-
tern. Electronic methods may be applied to facilitate control,
change of patéern, and to simplify the process of "transfer-
ring" the pattern from artists' designs to the machine set-up.

Industrial process control: Although many industrial processes
do not require split-second timing (as do applications 8 and

9 just above), nevertheless the speed of electronics is needed
in @many cases to perform intricate computations which are es-
sential to proper control. As an example, certain chemical

- processes depend upon almost continuous adjustment of certain

flow rates so that reaction temperatures are kept within defin-
ite limits. Complex relationships may exist between the indi-
cations of various measuring instruments and the proper set-
tings of flow valves which will best maintain the desired con-
ditions. Electronic computing devices can be arranged to accept



11.

12.

13.

14.

15.

information in electrical form from the messuring instruments
and to automatically set the necessary control valves in ac-
cordance with whatever formula is appropriate to the system
and the process. loreover, the same electronic control equip-
ment can be quickly and easily modified or "set" for a new
and entirely different process control.

Fire control: The control of guns from radar or other ranging
and direction-finding equipment invalves the use of a computor
which can mathemstically predict how a gun is to be aimed in
order to hit a moving target. The calculations are not simple,
and they must be done rapidly to be useful. The trend toward
higher and higher target speeds has made practically all of the
existing fire-control mechanisms obsolete. liore accurate and
more rapid computing devices are needed, and electronic comput-~
ing methods seem indicated. Also, the devices for automatically
training the gun in accordance with the computor results need

to be faster. The improvement of mechanical motive devices elec-
trically controlled is a part of the development work to be car-
ried out in connection with computors, since these are needed by
printers, typewriters and industrial control applications.

Hydraulic and hydrodynamic motive elements: When the mechanical
system to be controlled requires a great deal of power for its
proper control, hydraulic and hydrodynamic devices (such as
"fluid drives" in automobiles) have certain advantages over
electric motors. The development of systems of this sort, re-
sponsive to electrical control, is contemplated as a natural ex-
tension of the development of control devices in general.

Industrial research apparatus and laboratory equipment: Nany
physical and physical-chemical measuring instruments have been
developed and put into use in industrial research laboratories.
Fany of these still require painstaking labor by highly trained
scientific workers to achieve results. Whenever counting or com-
puting is involved, electronic computing devices directly con-
nected to the measuring instrument can be developed to deliver,
without loss of time, whatever results are desired in the form e
in which they will be most useful. For example, mass spectro-
graphs are now used by petroleum, rubber, and other organic-
chemical laboratories to perform analyses which formerly were
made by chemists. The old method sémetimes required several days.
The mass spectrograph now gives its results in a few minutes,
but in a form which necessitates several hours work by a skilled
human computor before the proportions of various constituents
can be stated. An electronic computing device could reduce this
computing time to less than a minute, commensurate with the time
taken by the mass spectrograph itself.

Musical instruments: Although seemingly unrelated to the field of
mathematically computing, electrie organs can be developed using
components and techniques which are used in electronic computing
machines.

Miscellaneouss: From the gbave it is seen that the devices and
equipment which may be associated with electronic computing and
control apparatus are numerous and varied. In the course of de-
velopment and research, the company might develop new radio tubes,
new ways of recording magnetically on wire or tape, new alloys for
magnetic material, new typewriters or other printing devices, new
methods of reproduction of printed material, new kinds of electriec
motors, new kinds of hydraulic or other motive devices, new physi-
cal instruments for laboratory work, new systems for television of



TENTATIVE

BASIS FOR ESTINATE OF FUNDS REQUIRED

fZstimates have been prepared for two cases=--

Ae On the unfavorasble assumption that three years of developement
work will be necessary to produce & satisfactory model for a
emall machine suitable for menufacture snd sale to firms now
using card mechines for business and accounting work, and further
assuming that during this period no income is available {rom
government or other developement contracts.
mgtimate A. is a minimum requirement for this situaticn.

Be On the assumption that more funde sre available, either from
the original source of funds or from govermment or other contracts
obtains by the company. Such contracts, while providing income
for the company, would zlso (slmost certainly) call for the de-
velopement of machines for scientific and engineering calculations.
In this case the size of the organization hae been estimated as
thet which can be efficiently directed ené utilized so &s to carry
forward the scientific and the business mechine developements as

R

rapildly as possible. .
.L:ST. f;o “iiTl B.

Yearly lLxpenses: Persons Total Persons iotal
Lngineering Staff Galaries 10 155,000 18 +100,000.
Inc. Dr. Mauchley & EZckert
Office Manager 1 5,500. | 5,500,
secretaries, bookkeeper 3 7,000 & 9,000,
Draftmen 1 2,200, < 4,400,
¥achine shop foremsn 1 44300 1 44300
Shop assistants 1 2,800, 2 5,600,
Wiremen, electrical assembly 6 16,800, 10 2E,000.

Annual Salaries for Personnel $93,600, $156,800.

Annual charges for office and

laboratory space, inc. rent, heat,

power, janitorial services, etc. 75400, 10,200,

Parts, materials, office supplies,

and outside contracts for fabrication

of special parts, etc. 25,000, 40,000,

TOTAL ANNUAL EXPENSES, SAIARIES, $126,000. $207,000.

Initial expenditures

klectronic equipment $ 15,000 v 25,000,
Office equipment 5,000, 64000
3tock of redio and shop parts 74000, 2,000,
Shop machinery 10,000, 10,000,

TOIAL INITIAL BXPEIDITURES eeee %" 35 ’ 000. » 50 »000.

TOTAL SAIARIES, BTC. FOR 3 YEARS 376,000 621,000

THREE YHEiR UPERATING PERICD $413,000. $671,000.

These figures do not inolude'incorporation costs and taxes.
These salary estimates allow for raises which may be given during

the three year pervicd.



or message transmission, new measuring instruments for

industrial control purposes, new methods for automatic

navigation, ete. All of these are related in that they

utilize one or more of the elements or components of an
asutomatic electronic computor.
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