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Project Whirlwind
Servomechanisms Laboratory
Massachusetts Institute of Technology
Cambridge, Massachusetts

SUBJECT: BI-WEEELY REFORT, PART I, APRIL 16, 1948

To: 6345 Engineers
From: Jay W, Forrester

1,0 WHIRLWIND I COMPUTER ELEMENTS

1.1 Listed by Blook Diagram Number

101

104,

108

108

Master Cloock

The master olock has been changed to include a variable

frequenoy oscillator instead of a orystal-oontrolled oscillator.

A delay line has been inserted in the 2 megacyocle chanmel so
that 1 and 2 megacycle time pulses are exaotly coinoident.

106, 106 Control
(2. Palmestook)

Drawings have been received from Sylvania (memo 60-4)
showing the physical arrangement of the major eclements of the
main oontrol. These have been approved by M.I.T. (M-354) as
a basis for detailed layouts. Completion of comstruotion of
the time pulse distributor is desired Sept. 2. The remaining
units oan be later than the soheduled Oct. 2,

Time Pulse Distributor

(H. Fahnestoeck)

Circuit sohematio of the counter panel of the time pulse
distributor has been received from Sylvania and a list of
correotions returned., After correction, layout will commence,
Cirouit schematio of the remainder of the TFD has not been
received, Both circuit schematios are scheduled for approval

May 1.
Time Pulse Distributor Coutrol

(H, Kenosian)

The ocontrol oircuitsfor the time pulse distributor have
been revised. A breadboard inoluding the restorer pulse
gensrator and push-button oircuits is being construocted.,



106

107

300

302

Memorandum M-363 Page 2

Time Pulse Distributor Control
(J. A. O'Brien)

preliminary cirouit schematic of the matrix type TPD
oon'h'ol has been drawn and is nmlboingdrulnup in the
drafting room,

The layout for a breadboard has been llnolt ocompleted
and actual oconstruction of a breadboard is well under way.

It is expected that the unit will be ready for test in
about a week,

Operation Timing Matrix, Comtrol Pulse Output Unit.

(J. A, O'Brien)

A preliminary model of the ocontrol pulse output unit has
been received from Slavin of Sylvania,

Except for a few changes that have been agreed upon, the
unit seems to be quite satisfactory., The unit will use the
same style of power plug as the rest of the computer, except
that a few of the pins will be removed.

Arithmetic Control

(H. Palmestook) -

A deocision has been made on the construction of the
acoumilator sero digit. Sylvania will supply an additional
standard digit which will be modified at M.I.T., The overflow
of a few tubes will go on another panel in arithmetic control,

(Go C. S‘mr)

Panel layout design ocontinues ‘on sohedule on the AC-0 Carry
and Speoial Add Memory panel and the Divide Control panel.
Final checking and changes are being made on the schematices
of the other panels of the arithmetio ocontrol in preparation
to grading the drawings. Late trends in register-driving
metlrods neocessitate some redesign in the Divide Error and Sign
Control Panel,

Accumilator
(C. W, Watt)

The oconstruotion of the prototype accumulator is about
on® week behind sohedule, It is expeoted to be complete not

later than April 25. Provision is being made in the prototype

g } 1 ] PE— . . g o= T e—
to inastal 1 the standard power oonnector when the f{ gt amn

L]
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302 Accumulator (Cont'd) .

(N. H. Taylor)

Test equipment is being set up to make necessary prototype
tests on the acoumilator panel now under construction. This
test equipment will inolude the variable frequenocy clock and
restorer pulse source whioch H, Kenosian is now finishing., A
new impedance matching panel will also be built to provide
termination for outgoing lines from this aocoumulator, Suoh -
termination will simulate WWI oconditions. This test set up
is being plammed in such a way that it will be adequate for
subsequent work on the A-register, B-register, program counter,
program register, and cheok register panels.

It is thought that the amount of time allowed for testing
of the prototype acoumlator is not adequate, and some arrange-
ment should be made to allow rigorous testing on this panel
for approximately a three week period, Test specifiocations
for almost all the repetitive elements Irnl depend on the work
done on this panel.

Step Counter
(N. Daggett)

A blook schematio for the step counter is in the drafting
room.

The oircuit schematic, which has been held up pending
preliminary breadboard studies, will be rn.dy for the drafting
room about April 22nd,

1.2 System Engineering

1.21 Power Control & Distribution

(C. W. Watt) _

Good design progress has been made during the past two
weeks on the physical arrangements of racks, fuses, terminal
strips, eto.; and revised proposals for the marginal oheoking
cirouits, rack and ocabinet wiring, and voltage variation panels
have been prepared. A new proposal, on system grounding, has
been issued, M-362,

(W. S. Rogers)
Power duct system from power room to computer room is

being drawn, Resistance measurements are being made on grounds
inocluding smoke stack lightning ground,

il o i S5 o
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1.22 Power Cabling

1.23

(8. R, Boyd)

Walter Rogers is direoting the work of a recemtly organized
installation group, It includes electricians Ewerson, Adams,
and Lawton who formerly worked with Prootor and Wiercinski, and
will include Lynoch and Stebbins as well as temporary employees
who are being hired, .

" This group is now working on the oceiling lighting for the
oomputer room, and will soon start installation of the mtioal
power feeder ducts to the computer room.

(H. S. Lee)

The power oabling has been redesigned in acoordance with
the decisions made at the oconference of 1 April 1948. Wire
sises and requirements have been reocalculated to conform to
the new design. The sizes and requirements are as follows:

11/2" x 1/8" Bus Bar - 1700 ft,
0 Wire - 14,000 ft.
0 Wire - 52,000 ft.

These figures inolude the requirements for:

a, - The Oround Grid.
b, All relay leads from computer racks to power
- raecks,
0. All indicator leads for same.
d, PFilament transformer primary leads for same,
e, D-C power wiring for the arithmetic elements and
flip-flop storage.

It is estimated that additional requirements will not
exceed a total of 6,000 feet,

Drawings are being made illustrating the new design. These
will be inoluded in a memorandum outlining the design which
will be published and submitted for approval not later than
23 April,

Video Cabling

(C. W W!lt‘l:)

A sohedule for video oabling was prepgred, Drafting
time in May will be needed for a ocabling diagram, Procurement
of oable and connectors should start at onoe, both here and
at Sylvania,

Due to the apparent need for Df-'S",/I oable (%" r‘ﬁ
addition to RO-62/U (93 ohm) an additional type sable

S b e s sk s R e AR SSe
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1,23 Video Cabling (Comt'd)

oomnector will be required, the UG-88/U. This will be added
. to the WWI standards. -

(H. Fahnestook)

A proposal for produotion inspeotion of video cabling
has been received from Sylvania (memo 60-2), It will be
returned with a few minor suggestions for improvement.

(N. H. Taylor)

In the development of the register drivers it has become
necessary to use RG-58/U ocoaxial oable in certain lines. A
separate connector is needed, and some form of coding to
avoid confusion with the standard cables. The improved
performance obtained by using this lower impedance cable
justifies the addition of an additional type of video ocable,

This RG-58/U, 52 ohm, cable will be used in the run from the
register drivers across the aisle to the firat digit on the

other side of the aisle., At this point RG-62/U will ocontinue

the run to the end of the register with a few possible exceptions.

; . 1.24 Driver Panels

(H. Pahnestook)

Layout of bus driver panels has been received from Sylvania,
approved, and returned for oompletion of production drawings

for prototype.
(0. C. Sunor)

A survey has been made of the driver requirements of all
registers with regard to designing a common register-driver
panel. This information has been transmitted to Sylvania.
The engineer in charge there will submit a proposal as to
physiocal arrangement of such a panel,

1.25 Time Schedules

h (R. A. Osborne)

E Below is a revised 1list of time sohedules, showing all
ohanges* and additions! to date,
Person
Schedule Title Number Regponsible Coordinator

. Repetitive Elements (Sylvania)

A-Register (AR 1-15)» C-31638 N. Taylor
B-Register C=3163¢

Anowumrmal s
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1.25 Time Schedules (Cont'd)
_ Person
Sohedule Title Number Responsible Coordinator
Re ve Blements (Cout'd)
op ge Register *  C«31641 D, Browm
Flip-Flop Storage Output " C=~31642 "
Bus Drivers C=351643 Rowland N. Taylor
Program Register C-351844 D. Browm
Program Counter C~31645 "
Check Register C-51648 "
Input-Output Register C~31647 »
Comparison Register C-31648 »
Non-Repetitive Elements (Sylvania)
Control Switoch C-31649 J. A, O'Bpien D, Browm
Operation Timing Controls C-31650 " "
Time Pulse Distributor C-31662 Flahertys . "
Time Pulse Distributor Control C-51663 J. A. O'Brien= "
Master Clock C-316566 Kenosian %
Delay Counterl C-31804 " .
Push Button Pulse Gemerator 1 C-31806 Kenosian .
Restorer Pulse Generator 1 C-318068 - .

' Frequency Divider 1 0-31807 " "

' Flip-Flop Storage Register Drivers(-31656 Rowland "
Arithmetio Register Driver = 0-31657 " N. Taylor
Tnput-Output Register Driver *  (-31658 . "
Toggle Switoh Storage C-31662 .J.A.0'Brien D. Brown
Storage Switoh C-31663 " "
Trouble Loocation Raoks (and TSS

Comtrol) C-31664 Watt
Operator's Console C-31666 Watt Everett
Input-Output Register Control C-31666 D. Browm
A-Register End Digit (AR-0) » C-31667 N. Taylor
Acoumulator End Digit (AC-0) *+  (-51668 Summer N. Taylor
Qthers
Aritimetioc Control c-31664 (BAMDST.) g, raylor
AC-0 Carry & Special Add Memory 1 C-31659 Sumer "
Divide Control 1 ' C-31660 Daggett "
Step Counter Cc-31689 # "
Divide Error and Sign Control 1 (©.31661 Sumner "
Multiply and Shif't_Control C=-31673 Daggett "
Point Off Control 1 C-31686 Summer "
Add AC-0 FPunotions on

Panel Control Rack 1 0-31687 Sumner :
Storage Tube Construotion -

Full Size 5" C-316€9 Dodd Forrester

. Storage Tube Research C-3168¢ Dodd Forrester

it i s ShNSe <
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1.25 Time Sohedules (Cont'd)

Person .
Schedule Title Number Respomsible Coordinator

Others (Cont'd)
S8torage Tube Deflection Circuits (-316835 Ely Forrester
Storage Tube Output Cirouits C=31670 Campling Forrester
Summary Power Installation C-31688 Watt
Power Distribution Panels C-51671 Anderson Watt
Power Supplies (sub-contraoct) C-51672 Boyd "

~  Power Cabling (inter-cabinet) 0-51674 Watt
Stepping Relays (marginal cheokingP-51676 Rich Watt
Video Cabling C-31676 Watt
Racks (oabinets) C-51677 Wainwright Watt
Film Reader-Recorder (Bastman)* (C-51878 Boyd Forrester
Air Conditioning of Computer Room C-31681 Prootor »
Preparation of Computer Room C-31682 . i
Test Bquipment C-316879 Everett .
Trouble Location Methods C-51684 Hoberg Everett
Servo & Simulation Research C-31680 Wieser Forrester
Summary Whirlwind I Schedules ! (C-31690 Osborne "
Summary Whirlwind I Sohedules 1 C-31691 " o

oont,

1.5 Auxiliary Equipment

1.31 Power 89;11«

(C. R, Wieser)

The 756 HP synchronous motor delivery has been delayed in
order to fabricate a base for commeoting the 31 kw altermator for
WNWI heater power., Delivery of the complete motor-generator set
is scheduled for next week. This set will inolude base, coupling,
mﬂ.tﬂc for both mach ines, and assooiated meters and protective

oces,

A scheme for automatioc cycling and manual ocontrol of the
marginal -=checking supply has been worked out. A memorandum
"desoribing this proposal will be issued soon,

Power Distribution Racks

(R. E. Hunt)

Layout work on these recks has been prooeeding for the
past week, These racks have presented quite a problem as the
internal wiripg is heavy and they will be accessable from only
one side,

Praotiocally all of the major problems have been worked out
and the p o;imhnr sketohes of these raoks

o] - 1awrm

should be read:y

approva
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1,51 Power Supplies (Cont'd)

(R. P. Mayer)

An amalysis of intermittent power requirements is nearing |
oompletion. No definite information is awvailable yet, but the
actual intermittent power required may be many times smaller :
than earlier estimates have indicated. :

Panel Seleotion - lhrp.ntl cluok:lui

(R. E. Bunt)

Some work has been done to loocate suitable manmual selsstor
switches for the penel selection circuits. These switohes will
have to be modified to be mechanically interlocking so that
selection oan only be made at the end of a ocomplete cyole.

The most suitable switohes found to date are manufactured
by Shalloross Mfg. Co. Detailed prints on these switches will
be forthooming in the next few days.

Layout of the panel selection ocomponents will be started
. . within one week,

1.33 Cabinets .
Rack Power & Mini Panels
(R. E. Bunt)

A mockup of a 51% inoch seoction of this panel has been
oconstructed here in our shop.

This panel has been turned over to Sylvania to be inoluded ,
in their raock mockup. The complete mockup should be ready for
inspection at Sylvania in the next few days.

(c. W. Watt)
Design of the racks is progressing well,

2 1) A mookup of a rack with all the necessary brackets,

!E'. terminal strips, etc., is almost finished at Sylvania. This

- will be a most instruotive piece of work, for it will bring out
many points that cannot be well checked on paper,

2) Racks for the power distribution panels have been in
. process of design and a good layout has been obtained with only
' slight modifiocations to the basic rack,
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| 1.4 Unolassified

('- 8. RO‘OI"I)

Approval is being requested of !‘11% underwriters for
permission to remove Sprinkler System from power rcom.

Overhead lighting in oomputer room is being rushed.
Completion expeoted by April 23rd,

Fire Proteotion

(J. 0. Prootor)

© An order has been placed with the Rockwood Sprinkler Co.
for the alterations on the sprinkler system in the oo-putor
room, Aotual work should start next week,

Elmtl.g‘_'rut Truoks

(R. E, Hunt)

4 Speoifioations on these test trucks as outlined in
? memo M-313 have been lub-.tttod to the Lewis-Shepard Co., and

the Langley Co.

Proposals on these trucks should be aveilable for approval
in about one week,
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2.0 WHIRLWIND I RESEARCH

2.1 Cirouits

(p.

R. mwoan
Circuit research not directly connected with Whirlwind

I production is to be carried by a smaller but more closely
doordinated group than in the past. I will coordinate the
group's activities and provide tie-in with the Whirlwind I
system. For the time Deing, the efforts of the group will
be directed to provide more reliable circuite for Whirlwind

I.

We will attempt to discover where troudle will arise in

Whirlvind T and develop remedies for the trouble. Best will
continue work on a more reliable flip-flop. Hayes will work

on gate circuits, starting with a study of the characteristice

of our present gate circuits. J. Hunt will work on clipping
circuits, starting with a study of pulse amplitudes in Whirl-
wind I.

(R.

Kenosian)

An oxporﬁ:ontal binary counter has been constructed

in accordance with Whirlwind I layout standards. This two
stage counter was built to determine the cause of alternate
large and small pulses which occur when one stage of a
counter is followed by another stage.

2.12

Flip-Flop Design and Stability
(V. P. Horton)

The a-c flip-flop 1life test hes bdeen conducted
for 318 hours to date and is contiming. Two errors,
both by the same flip-flop, have been recorded. At

J00 hours the rack was shut down and all tubes retested.
It 1s planned that this will again be dome at 600 hours.

Investigation of the effect of flip-flop parameter
changes hes contimed. The present stage is concerned
with the effect of changes in the grid-leak resistance,
Rg. results indicate that switching time ie only
slightly affected, and that the free-running period
19 increased with increasing Rg. The amplitude of
the plate pulse increases with Rg. to a certaln point.
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2.11 Flip-Flop Design and Stability (Contimed)

(R. L. Best)

The new d-c flip-flop, which has 20 volts dias
on the "off" tube, 3 volts bias on the "on" tube, and
250 volt plate and screen supplies, is undergoing
tests. Two "bad" GAGT7's were borrowed from J. J.
0'Brien, and put into the circuit; these showed 15
volte dias on the "off" tube, and no bias on the "on"
tube. This seems to be more than an adequate factor
of safety. The large amount of bias on the "off" tube
makes the flip-flop moye difficult to trigger than the -
old one; therefore the circuit may be redesisned to
decrease thie bias slightly.

2.13 Drivers
(C. A. Rowland)

Of the six types of regieter drivers, four have
been determined. Work is progressing on the register
. driver for restoring eight flip-flops on their cathodes
from a oormon bus. Work on the register driver for
supplying restorer pulses to trigger tubes 1s being
postponed for the present; a trigger tudbe wiith a higher
input impedance is desirabdle.

2.14 Mixing Circuits
(J. A. O'Brien)

A small packaged mixer for the inputs to the
control ~-pul se-output units has been made up in an
aluminum cylinder.

The unit has been tested and it appears to sat-
isfy all concerned in perfommance and appearance.

2.16 Basic Circuits

(J. M. Hunt)

Tests have been conducted to determine the
magnitude of the suvply voltage variation which can
be tolerated without erratic flip-flop operation, a
standard flip-flop ocirouit being used. BSlow variations
’ of the plate or screen supply voltage of plus or minue
10 volts have negligidle effect on flip-flop operation
although output voltage is affected slightly
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2.16 Basic Circuits (Continued)
(3. M. Runt)

A plate supply voltage step function haring a
magnitude of 20 volts and a rise time of 0.2 micro-

\ seconds was sufficient to trigger the flip-flov. A
soreen supply voltage step function of approximately
fifty volts magnitude was required to trigger the
flip-flop. The observed resulte were difficul’ %o
duplicate and were somewhat unpredictable in nature,
restorer pulse repetition rate having a pronounced
effect on sensitivity to supply voltage variations,
with sensitivity to power supply transients apvarently
being high at. low restorer pulse repstition frequency.

Yurther investigation of the factors affecting
flip-flop tolerance to power supply voltage variations
is planned. / _

(R. L. Massard)

It has been found that the output of a gate tubde
d ’ (which has its suppressor e-c coupled to the plate of
a flip-flop being fed restorsr pulses through the
cathode) is materially reduced with an increase in
the amplitude of the firet restorer pulse. This 1is
due to the fact that the restorer pulse is coupled
’ through to the output of the flip-flop and the a-:
coupling circuit clamps so effectively that it tends
to clamp the top of the pulee to zero instead of
clamping the top of the flip-flop wave. Thus the
suppreseor of the gate tube is held three or four
volts negative with respect to ground when it should
be at zero. Due to the high suppresesor-plate trans-
conductance the output of the gate tube is decreased.

(R. H, Gould)

Testing of the basic bue driver panel, BA-1,
has been nearly completed except for photographing
the wvaveforms. A detailed report will appear as
soon as possidle. In general the circuit is not
at all prf sensitive up to a prf of 500 ko, the
expected maximum prf to be applied to circuit, and
only slightly prf sensitive at a prf of 1 megacycle.
A pulse amplitude of between 10 and 50 volts on the
input line gives output pulses between 36 and 38

. volts into 47 olms. An input amplitude between 5
and 10 voltes gives an output between 10 and 316 volte

.
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2.2 Components : '
(D. R. Brown)

The TAK7 is now 1;: production. Delivery is promised
May 1. We have requested 50 tubes to be shipped as socn
as poseidble without waiting for life tests.

2.23 Vacuum Tube Studies

(J; J. 0'Brien) |

lnginuring?loto E-109 delor:!.bihg the effects
of 1500 hours of operation of GASO gnte tubes in
the five digit multiplier has been issued.

2000 hours have been reached in the operation
of the d-¢ flip-flop Life Test Rack. The effects
on its tubes have been presented in E-110.

The proposals for the first group of vacuum
tube enc-of-life tests have been presented in M-361.
99 tubes will be used in conditions simulating WWI.

(M. Hayes) .

Additional pulsed tests have been made under
normal operating conditions on GAG7 tubes, indicating
that the effective parallel R-C combination present
in the 1500 hour bad tubes has a resistance of
approximately 40 ohms, and a capacity of 0.007 mfd.

All the data that has been taken to date will Dbe
presented in an Engineering Note shortly.

(N. H. Taylor)

Arrangements have been made with the storage tube
group to aid in the analysis of specific tube failures
as they occur in the five digit multiplier snd other
oquimu? running on a 1life basis.

(Ray L. Bllie)

The new supply of GAG] tubes have higher output
than the previous stock. The average of the present
stock, marked I on standard test #1 1s:

Ip = 39.7 may _Ic? - 9.0 ma while on the previous stock,
marked % it was Ip = 36.0 ma and Iep = 8.6 ma.
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2.23 Vaouum Tube Studies (bonumm)
(Ray L. Rllde)

The cumulative histories on tubes are well
organised. Periodic tests are now being made as
requested and recorded.

The greatest pré'blln here is the lack of space
to ap“‘.t.o

2.3 Systems
2.31 Five Digit Multiplier
(§. H. Taylor)

Some recent fallures in the GASE gate tube
indicates a new kind of trouble with tube reliability.
These fallures after 2500 hours have been gassy tubes,
open filaments, and internal shorts.

. (H. L. Ziegler)
The multiplier has been returned to continnous
operation for accumilation of 1ife data on the various
components,

At the same time, the circult-improvement program
is being continued and considerable progress has been
made. Three more Whiffle-Tree switches have been con-
structed and will be inatalled as so0n as a sufficient
number of TAX7 tubes are available.

Recent additions to the multiplier are the com-
pleted add control, and a trouble-location control.
The add control provides stable operation on elither
automatic or step-by-step operation. The trouble-
loocation control, in conjunction with the periodic
program control, makes possidle repetitive partial
solutions of any selected problem. This greatly
speeds up the trouble-location operations.

B
!

(H. Kenosian)

Installation of the timing pulee sources for
the five digit multiplier has been completed. Stability
has been achieved by use of a crystal controlled clock
pulee generator which receives its power from the

rotary equipment.
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3.0 SFECIAL CIRCUITS

3.2 Test Equipment

-

The Sylvania test propram demands careful regulation
of power supplies which run the test equipment. It has
been decided to furnish Sylvania with adequate power sup-
plies so that each test position will have ite own bank of
regulated power supclies. It has also been dccided that
voltage variation could be easily affected by bucking and
boosting these regulated voltages by the use of an ordinary
"B" battery and inserted in series with the line in question.
The details of the program are being worked out and will
soon be issued in memorandum form.

I(R. R, Everett.

A memorandum A-57 will be issued shortly describing a
new system for requesting and obtaining test equipment.
The system uses a request form which will be filled out by
. anyone desiring equipment and submitted to the test equip-
ment committee., The committee will use this form for give
ing approvals, follow-up, and scheduling.

5.21 Standerd (Gate and Delay Units)

(H. Eenosian)

The prototype of the gate and delay unit is under
construction., These units will be made on S5-inch standard
rack panelg with 2 units on each penel.

3.22 Special (Variasble Frequency Clock - Restorer Pulse Source)
(H, Kenosian)
This umit is now undergoing test, One of the chief

difficulties waes that of getting sufficient output from
7TAK7 gate tubes.

¢ It is expected that the unxt will be completed as
. soon as the new delay lines are fdelivered,

N
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(R.P. Mayer)
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Eight of the diagrams in the recent R-127 revision have been
classified as confidential. They are:

D=37071-4
D=37072-6
B-57098-3
B-87001-3
C-37135
C-571368
C=871387
C-57138

Bystem blook diagram
Arithmetio element

Main ocontrol

Parallel digit computer codes
Operation Matrix I

Operation Matrix II

Operation Matrix III
Operation Matrix IV

i el N i Y
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5.0 CHECKING

(6. G. Hoberg)

Preparation of a thesis report on the evaluation of various
automatic systems for utilizing trouble location prodlems is pro-

- grevsing.

(2. Blumenthal)

It has been found that trouble-~location problems provide
an efficient means of fault-localization for tube failures, when
these failures are of more common variety; filaments or cathodes
open, or low emiesion to such an extent that the tube is effectively
out of the circuit.

However, there are certain tudbe failures whose ocourrence
nay, at best, complicate the troubdle-location sequence by providing
non-unique responses to prodlems, and, at worst, make the responses
utterly unpredictable. Such a failure is a control-grid-to-cathode
short in a gate-tube.

Two reasons exist for the amdiguity this failure produces:

1. Vhanever the controlling flip-flop switches, a transient
output pulse is fed from the gate-~tube to a succeeding
flip-flop and is of such waveshape that flip-flop triggering
cannot be relied upon.

2. Restorer action therefore results in the continual trans-
mission of these transient pulses, causing contimal
changes in register contents.

— e ———
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