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.t.' On August 29, 1949 the Ad EHoc Papel on Electronie

| Digital Computers of the Research and Development Board Committee
on Basic Fhysical Sciences visited Froject Whirlwind, Sinocs that
time the Whirlwind computer bas been brought much nearer completion,

, equipment is now being connected for uvsing Whirlwind in real-time
alr defense research for the Air Force, and plans for the first yoar
of machine use have baen orystallized. The arithmetic element, the
central control und 32 registers of test storage have been operating
a8 a system since Septembar 1949, All circuits and storage tubes for
the first of two banks of electrcstatic storage are installed and under=

- going test, They should be connected to the computer in July,

In the fall of 1950, the first applications of the Whirlwind
computer are to begin, Half of the time will be devoted to real-tine
air defsnse work and half for exploring other applications of high-speed
digital compuiers with emphasis on seclence and engineering,

Additional terminal equipment to enhance the overall usefulness
of Whirlwind is to be installed during the fiscal year 1950=51., From
the start of operation in the fall of 1950, usefulness and availability
of Whirlwind will increase about linearly to full time availability of
the machine and all proposed terminal equipment in the fall of 1951,
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fihen the Ad Hoc Panel on Electronic Computers visited
Whirlwind, the erithmeiic element end central control had bean in=
stalled but not yet oparated, By September of 1949 these had been
combined with 32 registers of test storage to give a worklng computer

for ciroult testing purposes, for checking rellability, end for
developing maintenance procedures, These parts of the computer seem
already to have reached a level of reliability and trouble-free
performance adequate for the plamned machine applications,

In the summer of 1949, the first storage tube satlisfactory

for Whiriwind use had been constructed, Since then the tube has been
3 improved and s steady produstion schedule meinteined, An unusually
high yleld of same 75% of the tubes meet specification for use in the
computer, During the winter of 1949-50, the first bank of storage
tubes was installed as quickly as available man power permitted and
are now being comnected to the computer, Completion of Whirlwind has
proceeded fairly closely to schedule and has led to plans for machine
utilization beginning in fiscal 1950=51,
The #hirlwind program in the next fiscal year will be
jointly .spcnuurod by the Office of Naval Research and the Air Force,
- One~half of the machine time is to be used in research and field tests
in the real-time control of air defense operations. The other half
will be devoted to work of interest to the Office of Maval Research,

or
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The Adr Force has set up a working committee umder
Dr, George E, Valley and including Mr, Jobn Marchetii, director of
the /ir Farce Cambridge Research leberatories, and others, to
initiate improvements in the nation's .uir defense system, One duty
‘_ of the committes is to improve the existing air defense system, The
' other pert of their wark, which involves Whirlwind, is to develop
completely new air defense methods which can achieve a many-fold im=
provement of the present system,
The part of the progran devoted to the developmen: of
new systems is in turn divided two ways, each relying on high-speed
‘ digital computation, In one system ordinary lonmg-range pulsed rader
data 1s to be carrelated, future positions of eircraft prediocted, and
interceptions calculated, The system would be expected to handle
higher aircraft density than is now possible, In the second lm;..
nem types of radar can be used, espuclally continuous wave doppler,
to give improved moving target detection and a greatly simplified
radar permitting more sets and therefore improved low angle coverage.
In the doppler radar system the high-speed digital computer permits
derivation of useful positions eand courses from range rate and angular

data that otherwise could not be interpreted with sufficient speed,

In this perticuler air defense program, Project Whirlwind
is only cne of several cooperative groups, Raytheon is developing
redar equipment, and the Air Farce Casbridge Research laboratories has

CONFSRCREA!
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already bullt terminal equipment to transfarm puleed rader infermation

to binary digits transmittible by tolephore line., Ths telephone com=
pany 18 advising on commmicetions, and the Federal Telecommunications
Laboratory may develop still other radar sets, The Instrumentatiom
leborstory of ¥,I,T, wder Frofesscr Uraper will carry on the aircraft
and interceptor aspects of the werk,

The Servomechanisms lLaboratory has fur a year studied the
poesibility of eir traffic control by digital computers for the Alr
Farce, The Air Traffic contract has been converted to the combined
Alr Intercept Program, and an MEW radar operated by the Camitridge Re=
search laberetery at Bedford Airpart, 15 miles from 1,I,T., is aveilable,
The Air Force laberatory is now installing terminal equipment to pro=
vide radsr data &s binary digits on a telephone line, On the receiving
end of the line, terminal equipment already built is adequate for in-
troducing these data into the Thirlwind computer, Start of preliminary
use of this equipment aweits only the completion of the radar installa-
tica by the Air Force and the completicn of the first storage tube

-

bank installation in Whirlwind by the Servomechanisms Leboratery,
These two seem to be progressing abreaat and should be completed by late
summer,

The first task will be to successfully operate the first
4 digitel computer and radar intercommection ever undertaken in a real-
time control system, The use of the computer will expand by steps
through coordinate conversion, data correlation, tracking while scanning,
and course prediction, to the actwmal flying of trial interceptions,

At the same time a parallel program using doppler radar is
being developed, ;




= WEE g

| y
APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

GONFIREMTIAT:
e UNCLASSIFIED
' 1L, QMR COMPUTER APPLICATIONS

Half of the Thirlwind computer time is to be availeble for
computer applicetions research sponsared by ONR, During the next
yoer, there are two divisions of this work,

First, a study contract established by ONR, with the advice
and consultation of the Naval Research laboratory, the Bureau of
Ordnance, and the Bell Telephone Laboratories Mark 65 Froject, is for
examinirg the techniques of digital control as applied to naval fire
control, This study is to establish the speed and capacity require-
ments in digital equipment for use egainst single and multiple targets,
The study is to include:

(1) computation of bellistic data

(2) recommendations on conversion from digital to
analog information

(3) autcmatic choice of the most suitable of several
continuously available predicticn equations

(4) an estimate of the types of data smoothing which
can be used and the length of smoothing time

(5) proceeding as far as possible in using the
¥hirlwind I computer to simulate various aspects
of the digital fire conirol system,
Second, the ONR phase of the program includes the application
of the iihirlwind computer to scientific and engineering problems, Ini-
- tially these will be drawm from the scientific community of M,I1,T,
during the time that cperating procedures for the computer are being
established, As more machine time becomes available, the circle from

which work comes can widen, First applications of the Whirlwind computer
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L] aro expacted in late sumer arnd the fall of 1950, Machine testing
ard the instellation of edditional terminel equipment will continus
throughout the year and available time will Increase about wniforzly
to full evallagbility in the fall of 1951,

Both the ONR and the Air Force programs are based on
availability of the Vhirlwind 1 computer, Joint support has there=
fore besn approved for completion of the basic machine and to the

extension of storage and terminal equipment,

Figure 1 is a diagram showing relationship of different
parts of the fhirlvind I computer and the status of each. Areas on

'i' the diagram are roughly related to the amounts of equipment involved

in different components but do not show the research effort in develop-
ing the various parts of the machine, Hoavily shaded equipment is
now complste and oparating; lightly shaded equipment is now being com=
pleted; clear equipment has not yet been undertaken,

Appendix A 1s the proposal sent to OER for Project Whirlwind
during 1950=51 and covers completion of the Oc-luipuont of Figue 1
required for OFR and Air Force work, Many scientific applications of
Whirlwind will use erassble magnetic tape storage and suitable units
have been ordered from the Raytheon Manufacturing Company, Appendix A
gives a detailed deacription of next year's program with estimated costs,

A high=speed computer calls for terminal equipment with a
high information acceptance rate, High-speed data recarding is to be
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availeble in the Esstman Kodak photographic film uvnits which are
completed (though requiring some modifications) ond in cathode

ray tube curve plotting. Figures 2 and 3 are curves, including
coordinate axes, generated by Whirlwind using the limited irstructiona
possitle in 32 registers of test storage, With coordinate axes plotted
by the equipmeni, curves will be readable to about 1%, sufficlent for
much enginearing work, This, along with the abllity of the computer
to print on a typnrﬂ.u‘ the numerical valuse of critical quantities
(for exampls, intercepts and the minimum value of Figure 2), should
save much tabulation of data that would later require hand plotting.
Figwe 3 is a solution to a second order differential equation where
decreasing damping is plotted along the receding z axis, and shows an
interesting and compact form for presenting data output,

Most of the final equipment of the Vhirlwind computer is
now operating, Heliable performance of the completed secticnz is al-
ready botter than cammonly expected of digital computers but should
still be improved for use as & tool in real-time research vhere prine

i cipal attention must go to tie system as a whole and not be diverted
! to the camputer as a single component, An average period of 3 hours
is now expected in the operating equipment between isolated incurrect
computational results, Component failures occur on the average of not
oftener than once in 40 hours during scheduled operating periods, At
the present stage of development, and if continuous additicns to the
computer were not being made, we estimate that the presently installed
computer equipment could be kept operating about 80% of the time with
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¥ the ebove reliasbility, Such satisfactory performence, even at.the
present stage of completion, is largely attributabls to the marginal
checking systen,

Yarginal checking in the computer is proving even more
useful than expected, It not only finds most of the dsterlorating
components before they cause errors but locates design wealmessss and
construction mistakes which are not bad enough to prevent normel opera=
tion. In the last nine months, marginal checking on a 400 tube 5-digit
model arithmetic element hes reduced the isolated random errors to an
average of about one per week (10%° correct multiplications por errer).
One run of 45 days was achleved without an orror from any cause, Dur=
ing this time, the 5-digit erithmetic elemsnt operated 23} hours per

. day with one-half howr per day taken out for marginal checking and
preventive maintenance,

The pre-testing of vaowum tubes, discovery of new accelerated
life tests, and the development of better inspestion methoda are
Mingtcawﬁfoupcminwﬂmrywtn&lds,ow
to 10,000 hours. From the 4,000 vacumm tubes now in service, six or
eight are replaced per week, Most of these are located in marginal
cheaking, preventive maintenance periods before they cause trouble,

A Tegular schedule of storage tube construction was under-

= taken in the unmdhlltnfl‘u?a Yields of good tubes have besn
high, ranging from 50% to 90% of those started, The present tubes are
nominally rated at a 16 x 16 array or 256 digits although this is a
minimm figure, It 1s confidently expected that the present tubes

CONFIDENTIAL
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b * will actually operate at a 400 to 600 diglt cepecity. The tubes have

operated vnder dypamic tests for short perieds in the leboratory while
storing e 32 x 32 array of 1024 digits, but not with adequate relia=-
bility. Rated capacity of the present tubes rosults from a& compronise
with relisbility and can only be esteblished after the first bank is
operating, Maximum storage cepacity will be set by the reliability
limits which are requirsd, Performance is but little dependent on
dengity up to 256 or perhaps 400 binary digits., /bove this figure
the present tubes pass a knee in the curve where density becomes in=
creasingly importaent,

Design modification® are now being made to change the size
of the storage mosale, magnitudea of holdipg gun cwrrent, and definitlon
of high velocity beam. These modifications are expected to give reli-
able 102/ digit storage which is the 'hirlwind switching limit, Unless
the importance of a second tube bank to the 4ilr Defense research dio-
tates otherwise, the secand bank will not be installed until the
improved tubes are available later in the year,
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