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FOREWORD

Project Whirlwind

Project Whirlwind at the Massachusetts Insti-
tute of Technology Servomechanisms Laboratory
is sponsored by the Special Devices Center of the
Office of Naval Research under contract N5ori60,
The original objective of the Project was the de-
velopment of adevice that would simulate airplanes
in flight. An integral part of such a simulator is a
digital computerof large storage capacity and very
high speed, to provide continuous solutions to the
equations of motion of an airplane.

As Project Whirlwind has evolved, applica-
tions to other types of simulation and to control have
become important. Because the digital computer
is basictoall these as well as to important applica-
tions in mathematics, science, engineering, and
military problems including logistics and guided
missiles,nearlyall project resources are at pres-
ent devoted to design of a suitable computer.

The Whirlwind Computers

The Whirlwind computers will be of the high-
speed electronic digital type, in which guantities
are represented as discrete numbers, and complex
pruvlems are scived by the repeated use of funda-
mental arithmetic and logical (i.e., control or selec-
tion) operations, Computations are executed by
fractionalmicrosecond pulses in electronic circuits,
of which the principal ones are (1) the flip-flop, a
circuit containing two vacuum tubes so connected
that one tube orthe other is conducting, but not both;
(2) the gate or coincidence circuit; (3) the electro-
static storage tube, whichuses anelectron beam for
storing digits as positive or negative charges on a
storage surface,

Whirlwind I (WWI), now being developed, may
be regarded as a prototype from which other com-
puters will be evolved, It will be useful both for a
study of circuit techniques and for the study of dig-
ital computer applications and problems.
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Whirlwind 1 will use numbers of 16 binary digits
(equivalent to about 5 decimal digits). This length
was selected to limit the machine to a practical
size, but it will permit the computation of many
simulation problems. Calculations requiring great -
er number length will be handled by the use of mul-
tiple-length numbers, Five special orders expe-
dite the subprogramming of multiple -length oper-
ations, so that coding is no more complicated than
for single-length numbers, but computing time is
substantially increased. Rapid-access electrostatic
storage will have a capacity of 32,000 binary digits,
sufficient for large classes of actual problems and
for preliminary investigations inmost fields of in-
terest. The goal of 20,000 multiplications per
second is higher than general scientific computa -
tion demands at the present state of the art, but is
needed for control and simulation studies.

Ruegrls

Summary Report No, 2, issued in November,
1947, was a collection of all information on the
Whirlwind program up to that time, The present
series of monthly reports is a continuation of the
Svmmary Report series, designed to maintain a
supply of up-to-date informationonthe status of the
Project.

Detailed information ontechnical aspects of the
Whirlwind program may be found in the R-, E -, and
M-series reports and memorandums that are issued
to cover the work as it progresses. Of these, the
R-series are the most formal, the M-series the
least. A listof publications issuedduring the period
covered by this Summary appears at the end as an
appendix. Authorized personnel may obtain copies
of any of them by addressing a request to The Spe-
cial Devices Center, Office of Naval Research,
Port Washington, Long Island, New York; or where
approval has previously been arranged, to Jay W.
Forrester, Project Whirlwind, Servomechanisms
Laboratory, Massachusetts Institute of Technology,
Cambridge, Mass,
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GENERAL STATUS

During the months of March and April, detailed
design progressed on many elements of the com-
puter. The computer elements whose status is
listed below include a large portion of the whole
machine. The only elements which are not report -
ed oninthis section are electrostatic storage tubes
with their associated circuits and the registers and
control circuits associatedwiththe film input -out put
devices. None of these are needed for the assembly
and initial testing of the arithmetic element, which,
as previously described, will be the first part of
the computer to be delivered by Sylvania. Register
drivers which will be needed initially are in the
preliminary design stage, but progress is satis-
factorv., Parts of the master clock are also in a
preliminary stage but most of it can be specified
from combinations of existing equipment.

Elements of the computer on which Sylvania
will do the final design and construction are listed
under four headings below, grouped according to
the progress of the design.

1. Circuit schematics have been approved for
layout of the program counter, which includes
eleven identical panels of nine tubes each, and the
check register, which includes sixteen 8-tube pan-
els. Circuit schematics have also been approved
for the time-pulse distributor counter panel and
the time -pulse distributor output panel. There will
be one panel of each, including respectively twenty-
two and twenty-eight tubes

2. Layouts have been approved for the general
arrangement of the control switch, operation mat -
rix drivers, operation matrix, and time -pulse dis-
tributor. These units will occupy six standard
26" x 100" racks. Detailed video layouts have been
approved for the time-pulse distributor counter

panel mentioned above, for the flip-flop storage
output, of which sixteen 10-tube panels are re-
quired, and for the program register, which con-
sists of sixteen 5-tube panels,

3. Finaldrawings have been approved for con-
struction of prototypes of the sixteen 8-tube A-
register panels,the sixteen 11-tube B-register pan-
els, the thirty -two 10 -tube flip-flop storage register
panels, and the thirty -two 5-tube bus driver panels.

4. Construction of a prototype of the control
pulse output unit has been authorized from a pre-
liminary sample. There will be approximately 100
of these 2-tube plug-in units associated with the
operation matrix.

Construction has been completed at M.I.T. on
the prototype of the 28 -tube accumulator panel from
which Sylvania will make production drawings and
construct the required sixteen panels. Video lay-
out at M.I.T. is about 30 percent complete on the
150 tubes in arithmetic control. There will be one
each of six different panels all of which will be
built at M.1.T,

As shown on the chart which follows, Whirl-
wind I planning and construction is running about
three weeks behind the schedule set up at the be-
ginning of 1948, The general arrangement of the
computer apparatus is deseribed and illustrated on
Page 10 of this Report, and photographs of typical
panels are shown Power requirements have been
further analyzed, and plans for power supply equip-
ment are taking shape.

A computer with the flexibility and speed of the
Whirlwind machines will have numerous uses of
widely divergent kinds. Studies of computer appli-
cations continue; anarticle inthis Report describes
investigations into conversion of computer output
into two possible forms.,
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ARRANGEMENT OF
WHIRLWIND | APPARATUS

The digital calculating machine of the future
will ideally be a compact device which can be in-
stalled in one corner of a room, or mounted on a
truck, or carried on a ship or an airplane. Before
such accomplishments are possible, however, the
basic techniques of building and using digital com-
puters must be fully explored.

WWI belongs to the first phase of a long -range
program of digital-computer development. Of it-
self it will be highly useful for a number of applica-
tions, but its primary functions are to demonstrate
that high-speed electronic digital computation is
practicable and to ascertain the merits of the par-
ticular methods chosen for performing the various
required functions, The designers of WWI have
therefore made no attempt to minimize the volume
which the machine will occupy.

Fig. 1 shows the proposed overall physical ar-
rangement of the computer apparatus, All the
main computer elements will be placed in one
large room, whose dimensions are indicated, on the
2nd floor of the Barta Building at 211 Massachu-
setts Avenue, Cambridge.

Adjacent to the Computer Room is the Control
Room in which will be located such auxiliary ap-
paratus as the operator's console, film and teletype
equipment for input and output, meters indicating
power-supply voltages, and pairs of neon lights
which show the positions of all the flip-flops in the
computer. Although the arrangement of the Com-
puter Room is definitely planned as in the drawing,
the Control Room layout shown is merely an art-
ist's conception intended to give some idea of what
will be required.

The electronic circuits of the computer will be
built onto panels as shown in Fig. ? and the proto-
type photographs which appearedon page 2 of Sum -
mary Report 5 (February). A number of panels,
each containing a different functional unit, will be
mounted on a rack, or frame, similar to that of
Fig. 2. The racks will be placed side by side and
housed in cabinets as indicated in Fig. 1.

This arrangement of the computer will permit
easy access to all portions of the apparatus. The
essentially two-dimensional layout of components
on the panels is especially conducive to the easy
replacement of defective elements and all circuit
terminals will be readily available to maintenance
technicians who wish to observe waveforms or de-

.
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termine d-c¢ voltages, Moreover, most panels will
be readily removable from the racks, so that an
entire panel known to contain a fault can be re-
placed by a spare and then repaired at relative
leisure.

Power will be distributed to the computer from
the power panels against the west wall by means of
a network of wire ducts (not shown) which will run
both longitudinally along the tops of the cabinet
rows and transversely between corresponding cab-
inets of adjacent rows at cabinet-top height. The
power supplies for the computer do not appear on
the drawing since they will be on the basement
floor of the building. Video cabling for transfer-
ring digits between computer elements will also be
contained inthe transverse ducts, but video control
lines for the various registers will run longitudi-
nally in wireways mounted on the racks inside the
cabinets, except at the north-south aisle, where the
crossover will be effected via the ducts along the
cabinet tops.

An air-conditioning system will provide cooling
air to each row of cabinets to carry away the heat
arising from the dissipation of about 50 kilowatts
in the computer components. Design of racks and
cabinets is such as to permit free flow of air
across all tubes and circuit components. The
maximum cabinet temperature is to be limited to
about 75 F.

STORAGE

Deflection Circuits

As described under the same heading in the
February Summary Report, No. 5,each of the elec-
trostatic storage tubes used as a memory element
in the Whirlwind computers is to have 1024 avail -
able storage positions. The position to be used for
any storage operation will be specified in the pro-
gram order which calls for that operation, the in-
formation being supplied to the storage-control
circuits as a binary number in pulse-coded form.
A group of "deflection circuits" in the storage-con-
trol system will convert the pulse-coded number
into two potential differences whose magnitudes
correspond to the magnitude of the input number.
These potential differences will then be applied to
the deflection plates of the electron guns of all
storage tubes in the system, and will thus control
the position on the storage surface at which the
storage operation is performed.
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FIG. 3 TYPICAL OUTPUT VOLTAGE WAVEFORMS
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in conjunction with 5-inch electrostatic storage
tubes to make storage reliability tests.

One panel of the preliminary model deflection
circuit was completed during April and tests were

bepun, This single panel furnishes deflection vol -
tages to one pair of deflection plates in each tube
to which it is connected, giving 32 separate values

of deflection in either the vertical or the horizon-

tal coordinate, The accompanving photographs

show the tvpe of construction used in this unit and

representative oscillograms of the output voltages

secured,

Construction of the second deflection-voltage

generator panel 15 currently in progress and will
be completed about May 19, Assembly of test
equipment and power supplies required for testing
and demonstrating the performance of the com-
pleted circuits is also under way, Detailed tests
of the first panel have been begun and will contin-
ue throughout May and the first two weeks of June,

FIG. 4 OUTPUT VOLTAGE LEVELS
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Te of S-inch Storage Tube
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Tests of the first large size (5-inch) electro-

An experimental set of circuits lor generating static storage tube (described in the March report)
storape -tube deflection voltages is currently under show that its operation is the same in most re-
construction. The completed deflection-voltage spects as that of smaller research tubes with the

generator will be capiable of converting any two o- ame storage surface materials. The tube has a

digit binary numbers intu corresponding potential high-velocity well -focused electron beam for stor-
differences at the vertical and horizontal aeflec- ing digits as spots of positive or negative charges
tion plates of the connected electrostatic storage on a storage surface and a low-velocity diffuse
tubes, giving 32 deflection levels in each coordin beam spraving the surface to maintain the stored
ate, or a total of 1024 combinations, After test charges. A wire mesh screen held closely in front
have been completed, these circuits will be used of the storage surface acts as the collectorof sec-

for demonstration purposes and may also be used ondary electrons and a metal backing plate picks
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up the signal current by capacitive coupling to the
storage surface,

The constructional details of the 5-inch tube
are quite different from those of the smaller tubes,
resulting inan increase in the signal output capaci-
tance by a factor of about 8. This gives slower
rise times onthe output pulse. Efforts will be made
on new tubes to reduce the output capacitance. The
calcium tungstate storage surface requires a
slightlv lower holding-beam electron velocity than
the same surface in the smaller research tubes,
but gives a writing time of 30 microseconds and
read time of 2 microseconds, the same as for the
small tubes with the same storage surface.

The tube in general is very satisfactory, since
it shows that the construction problems are not in-
surmountable and that operation is substantially
unchanged as tube size is increased. Only part of
the storage surface was studied because the hold-
ing gun did not illuminate the entire surface prop-
erly. Other 5-inch tubes will be made to find
better processing and construction procedures,
Small research tubes, however, will also be made
totry new ideas, since these tubes are simpler and
more economical to make. As the results from
the smal! research tubes indicate surfacesor elec-
trode configurations with better storage chavac-
teristics, these ideas will be built into 5-inch tubes
to make certain that unexpected troublesdo notde -
velop to prevent the constructicn of the final tubes
with the latest design features,

DYNAMIC ANALYSIS OF D-C LOAD

Forany electronic device the size of the Whirl -
wind 1 computer, the provision of a suitable d-c
power supply is by no meansa minor problem. Not
only must maximum total power requirements be
estimated, but, since violent load changes aecessi-
tate equipment with exceptionally good voltage reg-
ulation and other characteristics, the minimum
limit also must be established.

The maximum instantaneous power consumed
by any large machine depends not only on the pow-
er consumed by the individual units but also on the
maximum number of units that can consume power
simultaneously. The WWI computer is so arranged
that some units (as: flip-flops) always consume
power, while other units consume power or not ==
depending on certain conditions, Still other units
(as: gates) consume power only when they are
"pulsed". Generally speaking,the pulses occur at a
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one-megacycle rate. The result of this arrange-
ment is that the total power consumption of WWI
can have any value, within limits, and that this val-
ue can change at any random f[requency up to one
megacycle,

The limits were estimated for each d-c voltage
supply-line by an analysis of the number of units
in the computer which consume power simultan-
eously. It is assumed that the electronic decoup-
ling circuits will allow only the average pulse-
power to appear on the supply lines; therefore, the
average rather than the peak value of pulse-power
wis evaluated,

The result of the estimate shows that for most
of the WWI circuits exceptthe electrostatic storage
tubes the total consumption can vary between about
5.6 and 7.0 kw, (Storage tube power is of the or-
der of 3 kw.) The upper limit is only about 1.3
times the lower limit for total power, and about 1.8
times for the "worst" d-c supply-line. The lower
limit can occur only when the computer is not op-
erating, but is energized; the upper limit can occur
only during full automatic computation.

Onthe basis of this estimate, three -phase grid-
controlled thyratron rectifying equipment for each
d-c voltage supply-line seems to be an adequate
design for WWI  Isolating alternators are planned
to prevent power line surges from affecting d-c
output voltages,

CONVERSION OF COMPUTER
ouTPUT

Conversion from Binary to Binary-decimal Form

The Whirlwind Compuler is designedio operate
on numbers expressed in binary form. In this sys-
tem the digits of a number are the coefficients of
powers of the base 2, just as in the ordinary deci-
mal system the digits are coefficients of powers of
the base 10, Each digitis either one or zero, in-
dicating the presence or absence of the power of
two corresponding to the position of that dipit,
Thus, in binary form the number 1:011 represents
(reading from the right) 1 x29 + 1 x21 ,0x22 .
ox23c1x2t 14241610,

Usually it will be desirable to supply informa -
tion to the machine and to receive results from it
in conventional decimal form. Conversion from
one form to the other is a fairly simple arithmetic
operation which can be carried out by the compu-
ter itself, To accomplish this, it is useful to in-
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troduce a third representation of 4 number, a hy-
brid binary-decimal form, in which each decimal
digit of the number is represented by a group of
four binary digits, a binary tetrad. Thus the deci-
mal number 138 could be represented in binary-
decimal form by 0001 0011 1000, each tetrad rep-
resenting one decimal digit in binary form The
true binary form of 138 would be 10001010,

Bv use of this binary-decimal form, decimal
numbers can be put directly into the computer A
program can then be written for the computer by
whichthe binarv-decimal number can be converted
to true binary form suitable for further use by the
computer
to convert from binary to binary-decimal form
suitable for output of results. Both types of con-
versions together will require less than 5% of the
limited storage capacity of WWIL.

Standard teietype equipment may be used for
input and output purposes. Teletype equipment
makes use of groups of five binary digits to repre-
sent 32 different symbols, so that input and output
from WWI may be wanted not in biniary-decimal
tetrads but in teletype pentads. Because the tele-
type code represents decimal digits by arbitrary
combinitions of five binary digits, this conversion
cannot be accomplisheddirectly, Instead, the bina-
ryv-decimal form may be used as an intermediate
teletype and

. Similarly, another program can be used

step, with the conversion between
binary-decimal being accomplished by a selection
process, Such a further conversion increases time
and storage requirements somewhat, but not un-
reasonably.

Small difficulties arise from the fact that the
Whirlwind 1 register will hold 16 binary digits,
corresponding toa sign digit and about 4.5 decimal
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digits, These 16 digits can accommodate only 4
tetrads or 3 pentads (and a single digit which might
be used for a sign), so that if single registers are
used for input and output, some accuracy will be
lost, but the loss is not great, Where accuracy is
important 2 registers can be used. An order for
WWI is designated by two letters and four decimal
digits; therefore two registers will be required to
store an order in either binary-decimal or tele-
type form. Double length numbers (i.e. two regis-
ters in pure binary form, corresponding to 30 bi-
nary digits or 9 decimal digits) also are more
complicated.  Details of coding the nume rous con-
versions from one form to another are beirg con-
sidered at present, bul no serious trouble is anti-
vipated in any of these problems,

Sampling Servo

The application of a digital computer toa phys-
ical system such as the Aircraft Stability and Con-
trol Analvzer requires conversior of computed di-
gital quantities to analog quantities, some of which
will be shaft positions. For example, the indicated
readings of simulated aircraft instruments are
produced bv a needle which is rotated by a shaft,

To date, no sufficientlv sensitive device for di-
rect conversion of a binary number to an analog
quantity (decoder) is aviiluble It is felt that
greater sensitivity can be obtained in converting a
shaft position to a binary number (coding). Hence
a closed -cyele servomechanism is under study for
conversion to shaft position, As shown in the ac-
companying block diagram, such a system would
utilize a coding device to measure the analog out-
put (shaft position) The coded output is subtracted

s 1 ANALOG
: COMPUTED | DIGITAL ANALDG QuTPUT
| BINARY [ERROR ERROR (SHAFT
NUMBER SUBTRACTOR I si6naL SIGNAL SERVO SERVO POSITION)
| —————="+(ARITHMETIC -.“-lr-_ — DECODER CONTROLLERI 1 Woron £
: ELEMENT) \
| 1 :
| ]
I { t
| | DIGITAL FEED- BACK SIGNAL BUGH
1 ——— -PRECISION —
e e 4 CODER
DIGITAL COMPUTER

SERVD FOR DIGITAL-TO- ANALOG CONVERSION



from the computed guantity by the arithmetic ele-
ment of the computer to give a binary error signal.
This error signal is then decoded to an analog volt-
age by a device of moderate sensitivity and used
to control the shaft position of a servo motor. The
arithmetic element is part of the closed-cycle sys-
tem.

Since the computer has only one arithmetic ele-
ment for all computations, the servo error signal
is necessarily computed at discrete intervals,
probably 0.05 to 0,10 second apart. This means
that the servo feed-back path is not continuously
operative, but is closed periodically to "sample”
the error. This type of system is called a sam-
pling servomechanism.

Sampling servos present unique design prob-
lems which require exteénsion of the usual tech-
nigues applied to design of continuous servomech-

anisms. Methods of establishing stability criteria’

for sampling servos have been described in pub-
lished literature, but their use as a basis of de-
sign is limited by the complexity of the mathe-
maities involved.

Studies are under way to broaden the under-
standing of sampling servo theory. The principal
objective is to derive a form of mathematical rep-
resentation which may be used for analysis and
will in addition serve as a guide for sampling servo
synthesis,

VISITORS

Dr. R. D, O'Neal and T. D. Cochran of the East-
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man Kodak Company attended conferenceson
checking procedures to be used with input and out-
put equipment, H, M, Trent of the Naval Research
Laboratory was interested in the use and avail-
ability of digital computers for research studies,
and Mr. M. Katzin discussedelectronics techniques
and possible application to other fields of research
at N. R. L. C. V. L. 3mith of ONR and Harley
Iams of North American Aviation visited the Pro-
ject.

Project staff discussed the problem of analog-
to-digital data conversion and use of computers in
storage and analysis of radar data with representa-
tives of the Coles Signal Laboratory.

F. E. Bothwell, D, H. Schiller, and N, H,
Painter of Project Chore, University of Chicago,
were shown the results of preliminary studies on
simulation of aircraft based on wind tunnel data.

Training programs in the field of digital com-
puters were discussed with Capt. T. K. Oliver of
Wright Field, who is responsible for training of
men in digital computers for the armament re-
search laboratory.

Test equipment information as developed by
Project Whirlwina and the Bureau of standards for
research and evaluation of computer components
was interchanged with 3. N. Alexander and H. R.
Senf,

Storage tubes and vacuum tube laboratory tech-
nigues were of special interest to John E. Gorham
of the Evans signal Corps Laboratory and Pro-
fessor A, H. Samuel and Professor R, 3, Julian of
the University of 1llinois
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APPENDIX

REPORTS AND PUBLICATIONS

No. of
i No. Title Pages

SH-4 Summary Report No, 4 9
R-135 History of Secondary Emission

(Abstract in E-111) T6
E-108 Sylvania Test Equipment 1
E-109 BAS6 Vacuum Tube Life Data 2
E-110 Life Data - 6AGT Tubes of D, C,

Flip-Flop Rack 2
E-112 Tube Failures 2
E-113 Block Diagram of Master Clock

for Whirlwind I 2
M-328 Double -Length Operations in WW1 11
M-329 Modification of Basie Circult Ind-1 4
M-331 Bi-Weekly Report, Part 1, April 2 18
M-332 Bi-Weekly Report, Part 11,

April 2 21
M-334 Wedge Sleeve Clamp for BNC

Connectors 1

! M-335 Progre Report: A Trouble

Location Scheme for a Digital

Electronic Computer 2
M-236 Progress Report: A Trouble

Loeation Scheme {or a Digital

Electronic Computer 2
M-337 Progress Report: A Storage Tube

Output 3ystem 2
M-339 WWI1 Rack Door Material 1
M-341 Trip to Power Equipment Co.,

Detroit, Mich., on March 29th 3
M-342 Standards Committee Approval of

Mechanical Parts Designed by

Sylvania 1
M-343 175 Dural Channel 1
M-344 Machining of Nickel 2
M-345 Binary to Binary-Decimal

Conversion 4
M-348 Power Supply Proposal No, 2 4
M-348 Master's Thesis Research Proposal:

Conversion of Binary Pulse Code

to Voltage Amplitude 9
M-351 Meetings of the Electronics Group,

March 26 and April 2, 1948 1
M-352 WWI Control Desk Proposal No. 1 7
M-353 Signal Plate Assembly for ST25 2

No.

Drwgs.

6

Date

1-48
3-30-48
3-26-48
4-5-48

4-14-48
4-23-48

4-27-48
3-31-48
4-2-48
4-2-48
4-2-48

4-5-48

4-5-48

4-6-48

4-B-48
4-13-48
4-13-48

The following reports and memorandums on Project Whirlwind work were issued during April,

Author

H. L. Heydt
N. H. Taylor
J. J. O'Brien

J. J. O'Brien
J. J. O'Brien

D. R. Brown

C. W. Adams
J. M, Hunt

H. Fahnestock

E. Blumenthal

G. Hoberg

C. Campling
I. W. Forrester

H. R. Boyd

C. W. Watt, Jr,
C. W. Watt, Jr.
R. Shaw, Jr.
C. W. Adams
H. R. Boyd

E. W. Sard

1. J. O'Brien

J. W. Forrester
R. Shaw, Jr,
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No. of No, of
No. Title Pages Drwgs. Date Author

M-358 Time Pulse Distributor - Counter

Panel: Circuit Schematic Corrections 1 - 4-14-48 H. Fahnestock
M-361 Vacuum-Tube Life-Tests Proposal 3 11 4-15-48 J. J. O'Brien
M-363 Bi-Weekly Report, Part 1, April 16 19 - 4-16-48
M-364 Bi-Weekly Report, Part 11, April 16 18 - 4-16-48
M-366 Layout of Panels to Permit Proper

Cooling of Tubes and Components 1 1 4-20-48 C. W, Watt
M-367 Progress Report: A Storage Tube

Output System 3 - 4-17-48 C. Campling
M-373 Meeting of the Electronics Group,

April 9 and April 16, 1948 1 - 4-23-48 E. 5. Rich
M-374 Test Procedures for WW1 Tubes 2 4 4-23-48 N. H, Taylor
M-375 Construction of a Second Tube

Tester 1 - 4-26-48 D. R. Brown
M-376 Rack Ground Bus 1 - 4-27-48 H. 5. Lee
M-377 Project Whirlwind Seminar Schedule

April 26 - May 26 1 - 4-27-48 R. R. Everett
M-379 Voltage Regulation Proposal 4 2 4-27-48 C. R, Wieser
M-380 WWI Dynamic Analysis of

D. C. Load 3 1 4-26-48 R. P. Mayer

M-383 Video Layouts and Mechanical

Drawings for Accumulator 2 4-28-48 C. W, Watt
*
M-387 WWI Video Cabling 1 4-29-48 H. Fahnestock
M-389 Bi-Weekly Report, Part 1, April 30 18 - 4-30-48
M-380 Bi-Weekly Report, Part 11, April 30 19 - 4-30-48
c-27 Project Whirlwind Seminar No. 1,
Introduction 4 1-12-48 J. W. Forrester
| Translation
|
| M-370 Electronic Devices with High Emission
of Secondary Electrons - 8 5 4-21-48 M. Daniloff

(BULLETIN OF THE ACADEMY
OF SCIENCES OF U.S.5.R., Physics
Series, Vol, 8 (1946) by R. M. Aranovich)




