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FOREWORD 

Project Whirlwind 

Project Whirlwind at the Massachusetts Institute of Technology Digital 
Computer Laboratory is sponsored by the Office of Naval Research under 
Contract N5ori60. The objectives of the Project are the development of an 
electronic digital computer of large capacity and very high speed, and its 
application to problems in mathematics , science, engineering, simulation, 
and control. 

The Whirlwind Computers 

The Whirlwind computer is of the high-speed electronic digital type, in 
which quantities a r e represented as discrete numbers , and complex prob
lems a re solved by the repeated use of fundamental ar i thmetic and logical 
(i .e. , control or selection) operat ions. Computations a re executed by frac
t ional-microsecond pulses in electronic c i rcu i t s , of which the principal 
ones a re (1) the flip-flop, a c i rcui t containing two vacuum tubes so connected 
that one tube or the other is conducting, but not both; (2) the gate or coin
cidence circuit ; (3) the e lect ros ta t ic storage tube, which uses an electron 
beam for storing digits as positive or negative charges on a storage surface. 

Whirlwind I (WWI) may be regarded as a prototype from which other 
computers will be evolved. It is being used both for a study of c i rcui t tech
niques and for the study of digital computer applications and prob lems . 

Whirlwind I uses numbers of 16 binary digits (equivalent to about 5 
decimal digits). This length was selected to l imit the machine to a practical 
s ize , but it permi ts the computation of many simulation problems. Calcu
lations requiring g rea t e r number length a r e handled by the use of mult iple-
length numbers . Rapid-access electrostat ic storage initially had a capacity 
of 4096 binary digits , sufficient for some actual problems and for prel imin
ary investigations inmost fields of interest . This capacity is being gradual
ly increased toward the design figure of 32,768 digits. P resen t speed of 
..he computer is 20,000 s ing le-address operations per second, equivalent 
to about 6000 multiplications per second. This speed is higher than general 
scientific computation demands at the present state of the ar t , but is needed 
for control and simulation studies. 

Reports 

Quarter ly repor t s a re issued to maintain a supply of up-to-date infor
mation of the status of the Projec t . Detailed information on technical 
aspects of the Whirlwind program may be found in the R- , E- , and M-se r i e s 
repor ts and memorandums that a r e issued to cover the work as it p ro
g r e s s e s . Of these, the R - s e r i e s are the most formal, the M - s e r i e s the 
least . A list of the publications issued during the period covered by this 
Summary, together with instructions for obtaining copies of them,appears 
in the Appendix. 
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1. QUARTERLY REVIEW 
(AND ABSTRACT) 

A new input-output sys tem was installed 
in the computer during the l a s t three weeks 
of August. This new system permi t s faster 
operation of the computer , because it p r o 
vides for par t ia l paral le l operation of the 
computer and its te rminal equipment. Thus 
the computer does not have to wait for the 
slower te rmina l equipment to complete oper
at ions. The new system also provides for the 
use of more terminal equipment, par t icular ly 
magnetic d rums (to be installed in the next 
few months)and additional display equipment. 
The new input-output system has entailed the 
formulation of a new set of in-out o r d e r s and 
a new p rocess of coding that has been design
ed to facili tate use of the computer . 

Instal lat ion of the new input-output sy s 
tem requi red a three-week shutdown of the 
computer , from August 11 to the end of the 
month. By the end of the quar te r the com
puter was back to normal operation, and the 
applications groups were able to resume their 
ac t iv i t ies . Preceding the shutdown a number 
of the more important problems were com
pleted. A set of ru les have been established 
for allocating computer t ime to the people 
who want to solve problems on it, as well as 

a routine for use of the computer after t ime 
has been assigned. 

During the period before the shutdown, 
the computer was reliable for 86% of the 592 
hours ass igned to applications. Elec t ros ta t ic 
storage has been increasingly rel iable . Dur
ing the quar te r 7 storage tubes failed after an 
average service of 2333 hours . The 17 tubes 
in the computer at the end of the quarter had 
been in operation from 26 to almost 5000 
hours , for anaverage of 1979 hours . Storage-
tube resea rch is being directed toward a r e 
duction in the shift of the read-wri te beam 
causedby ions in the tube. Various measu res 
give promise of eliminating this source of 
trouble. 

The study of vacuum-tube life continues. 
A new approach is the correlat ion of tube 
performance with the spacing between e l e 
ments in the tube. 

A special two-week course of ins t ruc 
tion on Digital Computers and their Applica
tions, under the supervision of Professor 
C.W. Adams of the Digital Computer Labora 
tory, was held at MIT during the summer . 
Ninety-five people from 61 different organiza
tions took the course. Registrat ion in Ins t i 
tute courses in Digital Computation for the 
fall t e rm has been considerably higher than 
ever before. 
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2. OPERATION OF WHIRLWIND I 

2. 1 SHUTDOWN AND MODIFICATION 
OF COMPUTER 

A shutdown of the WWI computer was 
s tar ted on August 11 and completed August 
30. During this shutdown a new input-output 
system was installed in the computer, and all 
te rminal equipment is now operating in this 
new sys tem. During the shutdown period no 
application time was scheduled, but since the 
completion of the shutdown, new programs 
written by the applications groups were tr ied 
with their new o r d e r s , and the whole system 
checked out under varying conditions of oper 
ation. The computer is now back to normal 
operation. 

The new input-output sys tem has several 
basic advantages. The computer can now 
operate at a higher speed than before, because 
the new input-output sys tem allows part ial 
paral lel operation of the main computer e le 
ment and the terminal equipment. In the old 
in-out sys tem each order for operation of a 
piece of te rminal equipment was sent to the 
terminal equipment, and the computer then 
sat idle until a completion pulse was received 
indicating that the piece of terminal equip
ment had finished its operat ion. With the new 
in-out sys tem the computer can order an 
operation of the terminal equipment and then 
continue calculation in its normal p rog ram. 
When the terminal equipment completes its 
operation, the new in-out system will then 
wait for the computer to ask for another oper
ation. An interlock stops the computer if it 
asks for operation of a piece of terminal 
equipment before the completion of a previous 
in-out o rde r . Thus in m o s t c a s e s a p r o g r a m -
mer can a r range to have the computer operate 
independently of the speed of the terminal 
equipmen* 

In addition to possess ing the advantage 
of higher speed, the new input-output sys tem 
allows more te rminal equipment to be han
dled. In par t i cu la r , the display system can 
be extended, and magnetic drums can be 
used with the new sys tem. 

The terminal equipment o rde r s have been 
changed with the instal lat ion of the new in-out 
sys tem. All the temporary in-out o rders have 
been consolidated into three genera l -purpose 
o r d e r s , and these o rde r s plus two new block 
o rde r s can handle all the present ly expected 
terminal equipment. These five o rde r s will 
include two new type o rde r s known as block 
t ransfer o r d e r s , which can specify that a 
block of information be t r ans fe r red between 

e lec t ros ta t ic s to rage and the te rminal equip
ment in ei ther direct ion. This will cut down 
the number of in-out o r d e r s required in any 
program and will speed up the operation of 
the in-out equipment. 

During the per iod July 3 through August 
11, a total of 592 hours of computer t ime was 
assigned to the applications groups. During 
these hours the reliabil i ty figure was 86%. 
Elect ros ta t ic s torage has become more r e 
liable during this qua r t e r . This improvement 
has permit ted us to operate p rog rams for 
longer periods without encountering computer 
e r r o r s and also has allowed us to reduce the 
number of hours scheduled for maintenance 
of e lectrosta t ic s torage . Some of the new 
tubes being developed by the Storage-tube 
group show great p romise , and it is hoped 
that the reliabil i ty of storage can be i n c r e a s 
ed substantially and the number of hours of 
maintenance reduced during the coming quar 
ter so that manpower can be re leased to work 
on sys tem testing of the new in-out system 
and the magnetic d r u m s . 

A magnetic d rum with its associa ted 
equipment will be instal led, tes ted, and tied 
in with the computer during the next few 
months. P repa ra t ion of the room which will 
contain this equipment is essent ia l ly com
plete, and instal lat ion of air-condit ioning 
and racks is p rog res s ing . The auxi l iary 
magnetic drum, designed to complement the 
internal high-speed e lec t ros ta t ic s torage , 
will be delivered by Engineering Resea rch 
Associates during November . This equip
ment will be immediate ly instal led and inte
grated into the WWI sys tem. P a r t of the a s 
sociated c i rcu i t ry will consist of panels con
taining special plug-in units . These plug-in 
units a r e , in genera l , packaged vers ions of 
the basic c i rcui ts used in the WWI computer . 
Detailed plans a r e being formulated for the 
testing of this equipment, and provisions 
for power for special tes t equipment a r e being 
made. 

2 .2 SYSTEMS ENGINEERING 

2. 21 E lec t ros ta t i c Storage 

Elec t ros ta t ic s torage continues to be the 
most important factor affecting reliabil i ty of 
the Whirlwind I sy s t em. It has operated quite 
well for the last q u a r t e r . During one period 
the computer opera ted for 23 hours without a 
parity a l a r m . 

The principal l imitation on s torage r e 
liability at the p resen t time appears to be the 
compromise n e c e s s a r y with respec t to r e -
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storing cur ren t . Too little res tor ing current 
resul t s in failure to stabilize the negative 
a r e a s , par t icular ly in the c o r n e r s . Too much 
causes an increase in positive-ion concentra
tion through bombardment of the dag; this in 
turn causes gun failures and readout failures 
of positive spots because of deflection shift. 

Complete records a re kept of all storage 
fai lures . Occasionally a par t icular program 
will cause consistent storage fa i lures . These 
ca se s are investigated to determine the m e 
chanism of the failure. Information obtained 
from these sources is used to determine the 
best compromise on operating pa rame te r s 
for the storage tubes. 

Most of the r e sea rch effort of the Stor
age-tube group has been directed toward 
m o r e refined measurements of the small 
shift in wr i t e - r ead beam position caused by 
ions within the body of the tube. This was a 
par t of a l a rge r investigation ca r r i ed out as 
a m a s t e r ' s thesis concerning the effects of 
ions upon the operation of the MIT e lec t ro 
stat ic storage tube. An effective method o*f 
studying the ion-deflection shift, developed 
during the course of this r e s e a r c h , is to use 
a Faraday cage with the cage cur ren t being 
used as an indication of the position of the 
wr i t e - r ead beam. When the holding beam is 
cut off, the cage current continues to change 
for about 20 microseconds . It is postulated 
that this is the time required for dispersion 
of a positive-ion space charge within the body 
of the tube. The ion shift of the wr i t e - r ead 
beam is undesirable because the. write and 
read operations take place at different t imes 
after the holding gun is cut off. 

The s implest way to insure tracking of 
the write and read beams would be to delay 
both operations until roughly 30 m i c r o s e c 
onds after holding-beam cutoff, allowing d i s 
persion of the ion cloud, but the consequent 
addition to storage access time would be 
intolerable . Experimentally it has been found 
that a reduction of the holding-beam current 
from its previous value of 1.5-2 ma to about 
0. 4 ma does not unduly affect operation, and 
the amount of ion-deflection shift is in most 

cases insufficient to cause trouble. This is 
the course being followed at present . How
ever, to enable a return to the higher value 
of holding-beam current with its somewhat 
higher rel iabil i ty, we are continuing the de
velopment of stannic oxide coatings (which 
should re lease l ess gas to be ionized), and 
plan to add an ion collector ring within the 
body of the tube. 

Our in teres t in Philips Type L planar 
cathodes continues high following announce
ment by their laborator ies of the development 
of a new heater s t ructure which reduces the 
incidence of heater burnout. A m a s t e r ' s 
thesis r e sea r ch into the problems of p ro 
cessing Phil ips cathodes is being s ta r ted . 

2. 22 Engineering Improvements 

Modifications of the RF P u l s e r h a v e im
proved i t s stability and rel iabi l i ty . Osci l la 
tions in the phase- reference channel were 
eliminated and output stability improved by 
changes in the control-amplif ier c i rcui t . 
A tendency for the gate genera tors of the 
pulser to f ree- run has been eliminated by 
replacing the gate generator circui t in the 
pulser with a modified r e g i s t e r - d r i v e r gate 
generator on an external panel. 

Marginal readouts from flip-flop s torage 
during operat ion at low duty cycles were 
found to be caused by clamping difficulties 
in the select ion-gate c i rcui ts of flip-flop s t o r 
age. The trouble had been present since the 
panels were f i rs t installed but had not been 
recognized because it is not present during 
normal high-speed operation of the com
puter. The difficulty has been eliminated by 
d-c coupling all stages of the select ion-gate 
c i rcu i t s . {A -300-volt power supply was 
added to make this possible .) Rise and fall 
t imes of the selection gates were increased 
in order to provide sufficient gain for clipping 
in each s tage. This has resulted in a gating 
system which is extremely tolerant of tube 
var ia t ions . 

P 

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.



3. CIRCUITS AND COMPONENTS 

3. 1 VACUUM TUBES 

3.11 Vacuum-tube Life 

During the past qua r t e r the WWI com
puter operated 1800 hours . Because con
siderable new equipment was installed during 
this period, much of the t ime was spent in 
checking both newly-instal led and old equip
ment for proper operat ion in the augmented 
sys tem. This additional checking has made 
itself evident in the la rge number of 7AD7 
fai lures during this q u a r t e r . 

The t rends of the fai lures for the three 
most numerous types a re shown below. 

nique used ea r l i e r this year (Summary Re
port 29, page 10). Although the amount of 
droop was l ess than that observed in the tubes 
rejected at the ear l ier test, it was still n ece s 
s a ry to reject some tubes because of this 
instabili ty. Leakage and mechanical faults 
(open welds) a re also troublesome with this 
type. An effort is being made to find a tube 
type more suited to this se rv ice . 

The punched-card system of tube records 
is not yet completely ready for the de te rmina
tion of survival curves for important tube 
types . P r o g r e s s has been delayed by the 
p r e s s of other work on the personnel p r e 
paring the cards for this system. With addi
tional help now being used on this job, it is 
expected that data on some types will be 
available by the first of the year . 

Fa i lu re ra te , percent per 1000 hours 

Tube Type 

7AD7 

7AK7 

6SN7GT 

To August, 

3 . 4 

0 . 4 

0 . 9 

1951 
F i rst Quar 

1952 

1.0 

0.06 

2.25 

t e r Second Quarter 
1952 

1.8 

0 . 3 

0 . 7 

Th i rd Quar te r 
1952 

2. 3 

0 . 3 

0 . 9 

It is in teres t ing to note that 7AK7 and 
6SN7GT tubes appear to have a ra ther stable 
failure ra te about equal to the ear ly failure 
ra te as determined to August, 1951. However, 
the 7AD7 tubes, following the d ras t i c drop in 
the first qua r t e r of this year , have a rising ra te 
which is approaching the ear ly- l i fe failure 
r a t e . As was mentioned in Summary Report 
29, the drop in the fa i lure ra te was accom
panied by a changed procedure in marginal 
checking. It remains to be seen whether the 
ra te under the new checking procedure will 
r i s e to the old level. 

F igure 3-1 shows a total of 20 6AK5 
fa i lures . Previously this tube has been ab
sent from these l i s t s or repor ted only o c 
casionally. However, at the p resen t t ime 
these tubes a r e being re tes ted on a routine 
bas is in an effort to put the 10-megacycle 
ampl i f iers into the bes t possible condition 
and to p repare for the re- ins ta l la t ion of a 
second bank of s to rage tubes . Defective 
6AK5 tubes a r e being replaced by 5654 tubes. 
The 5654 is a p remium, ruggedized tube which 
should have much be t t e r life. 

The 715C tubes used in the s torage- tube 
deflection c i rcui ts were tested again for droop 
in plate cur ren t , following the same tech-

3. 12 Vacuum-Tube Resea rch 

A study of the relationships between v a r i 
ous internal dimensions and the e lec t r ica l 
performance of vacuum tubes has been con
ducted during this period. Initially, g r id-
cathode spacings were d e s i r e d a s an aid in the 
selection of vacuum tubes for applications 
where shorts between these electrodes could 
be very troublesome. One technique used in 
their measurement was to fill the in te rs t ices 
in the tube with clear res in and then section 
the tube; see Fig. 3-2. Once the dimensions 
had been obtained, an effort was made to c o r 
re la te the performance of actual tubes with 
the theoret ical performance of tubes using the 
same electrode spacings and a r e a s . The r e 
duced data showed that performance was quite 
dependent upon the ratio of gr id-pi tchdis tance 
to grid-cathode distance. When the g r id -
pitch distance is large compared to the gr id-
cathode distance, performance is adverse ly 
affected. This study has in the main con
f i rmed resul ts which were common knowl
edge, but not readily available in detail . 

Some study has been made of the duration 
of flicker shorts in vacuum tubes being tap
ped. This information is necessa ry for the 

3. CIRCUITS AND COMPONENTS 

Type 

7AD7 

7AK7 

6SN7GT 

3EZ9(829B) 

OD3/VR150 
2D21 

3D21A 

5U4G 

6AG7 

6AH6 

6AK5 

6AL5 

6AS7G 

6L6G 

6V6GT 
6X4 

6Y6G 

12AY7 

C16J 

715B 

5651 

5687 

ToUl in 
Service 

2290 

1800 

500 

241 

47 

40 

4 

41 

120 

15 

90 

186 

165 

111 

41 

17 

300 

36 

12 

28 

34 

21 

Hours at 
Failure 

0-1000 
1000-2000 
2000-3000 
3000-4000 
4000-5000 
5000-6000 
6000-7000 
7000-8000 
8000-9000 

10000-11000 
11000-12000 
12000-13000 
13000-14000 

0-1000 
7000-8000 

10000-11000 
12000-13000 
13000-14000 

5000-6000 
8000-9000 

11000-12000 
12000-13000 
13000-14000 

0-1000 
4000-5000 

10000-11000 
12000-13000 
13000-14000 

0-100rj 

9000-10000 

3000-4000 
0-1000 

7000-8000 

0-1000 
1000-2000 

11000-L2000 
12000-13000 

0-1000 
13000-14000 

0-1000 
1000-2000 
4000-5000 
5000-6000 
1000-2000 
4000-5000 
8000-9000 

12000-13000 

0-1000 
13000-14000 
13000-14000 

0-1000 
0-1000 

4000-5000 
12000-13000 

0-1000 

3000-4000 
4000-5000 
7000-8000 

0-1000 
1000-2000 
2000-3000 
3000-4000 
8000-9000 

0-1000 
0-1000 

Reason for failure, number failed 
Change in 

Characteristics 

2 
2 
3 
2 

11 
4 
5 
6 
3 

11 
5 
8 
8 

S 

2 

1 

4 

1 

1 

1 
2 
1 

1 
1 
) 

2 
2 
7 
1 

Mechanical 
3 

1 
1 
2 

2 

1 

7 
4 
3 
1 
2 

2 
1 

1 
3 
1 
1 

1 

1 

1 

1 
1 

3 

1 

2 

1 

1 

2 
1 

1 

Burn-out 

1 

1 

Gassy 
1 

1 

4 

1 

1 

2 
1 

1 

1 

Fig. 3 -1 . Tube failures in WWI 
July 1 - September 30, 1952 
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I l l 3. CIRCUITS AND COMPONENTS 

Fig . 3-2. Section of 6AN5 tube cast in c lear 
resin for dimensional analys is . 

intelligent design of short-checking equip
ment . It was found that the duration of most 
shor t s exceeded 100 microseconds . Addi
tional studies will be made in the future as 
t ime and equipment become available. 

A new device for initial check of tubes 
to el iminate those with shorts and opens has 
been designed. This device will check for 
shor t s in one operation, opens in another. 
Each operation will take about two seconds, 
the tube under test being tapped while rotat
ing about the longitudinal axis . This device 
will provide a more complete check with less 
possibili ty of tube damage. Completion is 
scheduled in November. 

Very little work has been done on the 
study of the droop in cathode current within 
the f i r s t second after cur ren t flow is initiated. 
Details of this trouble a r e described in Sum
mary Reports 29 and 30. Equipment is now 
under construct ionfor an intensive examina
tion of this droop, and considerable work is 
planned for the coming months. 

No l ife-test studies have been active 

during the period covered by this repor t . 
Additional studies a r e planned as soon as a 
new lot of 6145 tubes is received. (The 
6145 is the replacement for the 7AD7.) 

3.2 STORAGE-TUBE LIFE 

Fig. 3-3 provides data on the life of all 
the storage tubes that operated in WWI during 
the third quarter of 1952. The upper bar 
graph shows the hours of operation to date 
of the 17 tubes in the computer at the end of 
the quar ter . The lower graph shows the 
hours of operation at the t ime of failure for 
the 7 tubes that failed during the quar te r . 

3. 3 COMPONENT REPLACEMENTS 
IN WWI 

Fig. 3-4 l is ts the replacements of com
ponents other than tubes during the third 
quar ter of 1952. 
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OD 

• i 

1 
6 

V 

10 

II 
14 

11 
Ih 

1 

1 
J 

1 

1 

1 

1 

S T - 5 3 6 E Z ^ Z Z 3 
ST-537 W-AWJ 
RT-233 /J/)///M»//>JJ/J/ W/S/JwV-///////////A 

TUBE ST-3 17 V//»MW/W'Wn 
RT-247 W»»///»//////S////////»/JJ/»///WA 
ST-52 I '<V/V/'.''.-VAV/VAV'V/'/V/V^ 

ST-607-1 '/////////A 

THOUSANDS OF HOURS IN OPERATION 

1 2 3 4 

THOUSANDS OF HOURS TO FAILURE 

Tubes in serv ice on September 30, 1952 (b) F a i l u r e s , July 1 - September 30, 1952 

Fig. 3-3 . Life of s torage tubes in WWI. 

Component 

Capacitors 

Crystal* 

Potentiometer 

Resistors 

Transformer 

Type 

Mica 
0.01 
mfd 

Trimmer 
4-30 
mmfd 

Trimmer 
7-45 
mmfd 

D-357 t> 
1N34A 

D-358 fc 
IN38A 

1N38A 

D-358 

1000 ohm 
2 watt 

2500 ohm 
Z watt 

Nobleloy 
5000 ohm 

+ 1% 
1 watt 

Allen Bradley 
220 ohm 

15% 
1 watt 

Pulse 
5:1 

6.193-8 

Total in 
Service 

15072 

120 

116 

7700 

3384 

112 

204 

160 

12052 

344 

No. of 
Fai lures 

10 

2 

Hours of 
Operation 

89 
5491 

4026 

4921 
6236 

1000-2000 
7000-8000 
9000-10000 

11000-12000 
12000-13000 
13000-14000 

90 3 
11000-12000 
12000-1,000 

4146 

7833 

3000-4000 
4000-5000 
6000-7000 
7000-8000 

89 
9858 

11000-12000 
12000-13000 
13000-14000 

Comments 

Shorted 
Mechanical 

Open 

Open 
Open 

Low back resistance 

Drift to low back resistance 

Low back resistance 

Open control 

Intermittent contact 

Over tolerance 

Burned out 

Open secondary 

Fig. 3-4. Component failures in WWI 
July 1 - September 30, 195? 
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4 . M A T H E M A T I C S , CODING, 
AND A P P L I C A T I O N S 

The recent long-planned computer shut
down to provide new switching equipment for 
selecting input-output and secondary storage 
facil i t ies (see Sec. 2. l ) h a s been accompanied 
by an equally long-planned change in proced
u r e s for using the computer . These proced
u r e s are of two so r t s . The f i rs t is concerned 
with the techniques of writing and performing 
p rog rams {Sec. 4. 1); the second with admin
i s t r a t ive deta i ls of making the computer 
available to the persons or groups who want 
to use it {Sec. 4 .2) . Actual applications of 
the computer a r e treated in Sec. 4. 3. 

4. 1 PROGRAMMING TECHNIQUES 

In order to simplify the p roces s of cod
ing, a comprehensive system of service rou
t ines is being designed. The system will 
provide: 

{1) Very elaborate facil i t ies for con
vers ion during input. 

(2) Versa t i l e output and secondary - s to r 
age routines automatical ly selected. 

(3) Easy - to -use interpret ive routines 
for performing ex t ra -prec i s ion and/or float
ing-point a r i thmet ic , automatically selected. 

(4) Powerful mis take-diagnosis routines 
of both interpret ive and pos t -mor tem variety. 

All these faci l i t ies , complicated as they 
a r e to provide, and complicated as they a r e 
to explain in deta i l , will greatly facilitate the 
use of the computer by technical personnel 
untrained in machine computation - those 
whose pr imary concern is the solution of a 
problem ar i s ing in their own field of digital 
computation. To these casual u s e r s , the 
facil i t ies provided by the service routines 
will seem much the same as the facilities 
built into the machine itself. Thus, the casual 
p r o g r a m m e r need never know the actual s to r 
age locations into which his instruct ions go or 
the actual binary form in which numbers in 
the computer mus t ultimately appear . 

4. 11 Input Conversion 

The principal new features of the input 
conversion p rog ram proper will be the pro
vision for: 

(1) F loa t ingas well as relat ive or abso
lute a d d r e s s e s . 

(2) Conversion to des i red fixed- or float
ing-point numbers written decimally with any 
number of digi ts , with the point anywhere with

in the number, and with any power of two and/ 
or ten included explicitly if des i red . 

{3) Instructions written mnemonically in 
either the Whirlwind code or the code for in
terpret ive programmed ar i thmet ic . 

4. 12 P r o g r a m m e d Ari thmetic 

The interpret ive routines incorporate , 
in addition to all the features required for 
ex t ra-prec is ion and floating-point ar i thmetic , 
facilities for a special adaptation of the Man
chester B-box principle called cycle-control . 
The desired number system, whether fixed 
or floating, and the desired extra facilities 
such as division, cycle-control , etc. a re 
automatically incorporated, during input, 
into the interpret ive routine to make it as 
short as possible consistent with the facili
t ies required. 

4. 13 Output 

The output routine provides for conver
sion to decimal from either fixed or floating 
binary. It provides for direct typing, paper -
tape punching, magnetic -tape recording for 
la ter typographical output, or graphical or 
numeroscopic output plotted under program 
control on standard Whirlwind oscilloscopic 
display equipment. The desired output form 
is designated by simply writing an example 
of the pattern des i red. Naturally, more than 
one form of output may be called for in a 
given program. The proper output facilities 
a r e selected automatically by the conversion 
program without any wasted storage space 
in the same way that the interpret ive routines 
a r e specialized to any given kind of floating
point and/or ex t ra-prec is ion ar i thmet ic . 

4. 14 Location of Mistakes 

In the past, the equipment for locating 
programming mis takes by means of data r e 
corded by special diagnosis routines {used 
ei ther before or after the failure of the p ro 
gram in question) has been hampered by the 
lack of sufficiently powerful routines. Im
provements are continually being made in 
this direction; new techniques already avai l 
able should greatly facilitate the problem of 
locating mis takes . Among the facilities soon 
to be available are a post mor tem which prints 
out, after a program has failed, the contents 
of every regis te r which differs from its ini
tial value, and prints it in the same form 
(instruction, number, e tc . ) in which it was 
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originally typed. 

4 .2 USE OF THE COMPUTER 

About 20 hours a week of Whirlwind time 
is available to be assigned to outside u s e r s 
for problems of their own which are a lso of 
general in teres t to o thers . The person p r o 
posing the problem is expected to c a r r y 
through for himself the necessary p r o g r a m 
ming of the problem for solution on the com
puter . It is for this reason that the elaborate 
service routines descr ibed above are being 
provided for the Whirlwind computer . 

4.21 P re l imina ry Procedure 

Once the applicant has descr ibed his 
problem concisely, a meeting will be a r ranged 
for him with one of the member s of the staff 
of the Digital Computer Laboratory to discuss 
the details of his problem as it might be put 
on the Whirlwind computer . During this d i s 
cussion the applicant and the staff member will 
at tempt to ascer ta in the feasibility of apply
ing the computer to the problem and will 
est imate the amount of computer time that 
would be required to ca r ry out the problem. 
The applicant will at this t ime complete a 
specific writ ten description of his problem 
in light of the possible use of the computer 
for solution. 

4. 22 Assignment of Time 

The descript ion of the problem will be 
submitted, with a request for assignment of 
t ime onWhirwlind, to a t ime-allocation panel 
made up of mathematicians and p r o g r a m m e r s 
from the Digital Computer Laboratory staff. 
This panel will meet every two weeks and will 
assign t ime to var ious problems in t e r m s of 
hours per biweekly period, for periods of no 
more than ten weeks in advance. 

The t ime requi red for each run on the 
computer will be charged against the ass ign
ment made to the individual u se r by the a l 
location panel. The use r will be assured of 
at least the amount of time assigned to him 
by the panel during the given biweekly period. 
Any request for computer time that exceeds 
the total as signed to him for a given biweekly 
period will be held in abeyance pending the 
availability of time assigned to others but not 
used. It is hoped that a reasonable amount of 
extra time will be available to most u s e r s if 
they need it. Generally, however, the a s 
signments of t ime to each problem will be 

made with the intent that sufficient time be 
provided for the solution of the problem at 
hand. If not enough t ime can be assigned to 
a problem, that problem, of course , will 
not be undertaken at a l l . 

In order to assure a fair chance of using 
the machine to thesis students and o thers 
whose work is important but who lack money 
and p r io r i t i e s , the types of u s e r s will be 
divided into categories(e .g. , thesis students, 
faculty and DIC r e sea rch , government and 
industrial r e s e a r c h , e tc . ). Each category 
will have a portion of the total assignable 
t ime set as ide for it. Thus, each potential 
u se r will be competing only with others in 
the same category for t ime ass ignments . 

In the event of d isagreement between 
the applicant and the allocation panel, the 
MIT Committee on Machine Methods of Com
putation will be asked to a rb i t r a te and make 
a recommendation as to whether the problem 
is suitable for solution on Whirlwind. 

There will be relat ively little t ime avai l 
able for production work involving cons ider 
able computation on any one par t icu la r p r o b 
lem. The time assigned to any one problem 
will probably average about one hour per 
week over a period of no more than ten weeks . 
A very few problems will be assigned time 
of the order of a few minutes up to an hour a 
week for a year in advance where important 
long-range r e sea r ch depends on the use of 
the Whirlwind computer . General ly , how
ever , all problems mus t be recons idered 
before they can be allowed to run more than 
ten weeks. 

4. 23 Per formance of P r o g r a m s 

Once a p rogram for the solution of a 
problem has been prepared by the originator , 
it will be punched on paper tape by the c l e r i 
cal staff associa ted with the tape-prepara t ion 
room at the Digital Computer Labora tory . 
Specially t rained computer opera to rs will 
then supervise the performance of the p r o 
g ram on the Whirlwind computer . The p r o 
g rammer himself m a y o r may not be present 
in the computer room at the t ime the p r o 
gram is run, but he will not be allowed to 
operate the computer himself. 

4. 24 Location of Mistakes 

The location of programming mis takes 
will be with the aid of the special m i s t ake -
diagnosis routines mentioned above. The 
p rogrammer will be responsible for locating 
mistakes in his own program, again with the 
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aid if n e c e s s a r y of consultation with m e m 
bers of the Labora to ry staff. Each time a 
mistake is detected and co r rec t ed , the p r o 
gram tape will be modified and the modified 
tape will be r e run on the computer . The 
calendar t ime involved in locating mistakes 
by p rogrammed methods is frequently g rea te r 
than the t ime that would be involved in t rouble
shooting d i rec t ly in front of the machine, be
cause of unavoidable delays in getting back 
on the machine when the trouble has been 
located. Nonetheless , the total amount of 
actual computer time and of actual p rogram
mer time and skil l is usually great ly reduced 
by p rogrammed mis take- locat ion. The new 
methods of dis t r ibut ing computer t ime being 
put into effect will a lso greatly speed up the 
process by eliminating unnecessar i ly long 
delays between one at tempt of a p rogram 
and the next. As long as his t ime ass ign
ment has not been exceeded, the p rogram
m e r will be able to get on the machine with 
his problem at leas t as often as once a day. 

4. 3 PROBLEMS BEIN3 SOLVED 

The third quar t e r of 1952 was broken in 
the middle by the computer shutdown on 
August 11. Since that t ime pract ical ly no 
outside prob lems have been undertaken. Be
cause of the sweeping changes in p rocedures , 
which r equ i r e considerable computer and 
staff t ime, r e tu rn to normal operation is not 
expected before November, although the com
puter re turned to a lmost normal operation in 
September. 

During the f i r s t half of the thi rd quar te r , 
the computer operated on a 168-hour-a-week 
basis for the f i r s t t ime. The time was spent 
in permit t ing a n u m b e r of important problems 
to be completed before the shutdown. Some 
of these p rob lems a re described briefly in 
the following p a r a g r a p h s . Most of them have 
been descr ibed more fully in previous quar 
ter ly r epo r t s . 

Prob lem #48. Gust Loads on Rigid 
Airplanes in Two Degress of Freedom 

This p rob lem, performed by C.W. Bren
ner of the MIT Aeroelas t ic and Structures 
Research Labora to ry as part of a Bureau of 
Aeronautics con t rac t , has been completed. 
The gust load equations have been solved for 
both sharp-edge and graded gusts for ap 
proximately 200 values of the p a r a m e t e r s . 
The majori ty of these gave only the peak 
values of the a i rp lane accelerat ion ratio, the 

wing-load rat io, and tai l- load ra t io . Fifteen 
of the more impor tant cases were made to 
print out complete t ime h is tor ies of these 
three quanti t ies . 

Problem #50. Lat t ice Analogy Applied 
to Shear Walls 

This problem was f irst successfully p e r 
formed on WWI by Mr . G. D. Galletly to 
verify analytically the static load-deflection 
curves obtained from labora tory tests on 
reinforced concrete shear wal l s . The lat t ice 
analogy as used by Galletly is at present the 
only sat isfactory analyt ical method of handling 
the shear-wal l p rob lem. This method is v e r y 
tedious for hand computation, and it was 
found des i rab le to obtain a l a rge number of 
solutions with the aid of the Whirlwind com
puter. 

The St ructura l Dynamics Division of the 
MIT Department of Civil and Sanitary En -
gineeringnow d e s i r e s to obtain s t r e s s - s t r a i n 
curves for a range of representa t ive shea r 
walls in connection with present work on a 
Blast Res is tant Design Manual. A new p r o 
gram has been p repa red by Pro fes so r Archer 
using a previous p r o g r a m prepared by Gal
letly as a guide. Cer ta in features of the old 
program were rev i sed , such as elimination 
of hand manipulation of the readout, e l imina
tion of cer ta in complex symmet ry correct ion, 
andprovision of g r e a t e r flexibility with more 
storage capacity. This p rogram was p r e 
pared for the computer before it was shut 
down on August 11. P ro fe s so r Archer is now 
engaged in making the minor program r e v i 
sions necess i ta ted by the engineering changes 
in the Whirlwind te rmina l equipment. Since 
more time has in the pas t been spent in p r in t 
ing out the solutions than in solving the p rob
lem, other methods of recording the solutions 
a r e being considered. No final decision has 
been reached on the c lass of readout equip
ment to be incorporated in the revised p r o 
g r am. 

Problem #71. Optimum Operation of a 
Chemical Reactor 

During the past qua r t e r , a solution of a 
chemical reac tor problem involving a set of 
simultaneous non- l inear part ial differential 
equations was completed by m e m b e r s of the 
Polychemicals Division of E. I. duPont de 
Neymours , Inc. The equations describe a 
homogeneous chemical reaction car r ied out 
under non- i so thermal non-adiabatic condi
tions. Computations were made for approxi-
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mately 50 se ts of p a r a m e t e r s represent ing 
var ious reac t ion conditions. The successful 
solution of the problem indicates that the 
method is generally applicable to homogene
ous chemical react ions . Ways of obtaining 
increased r a t e of production from a chemi 
cal plant r eac to r were indicated. 

P rob lem #79. Trac ing Rays Through a 
Spherical Microwave Lens 

Work at the Laboratory for Elec t ronics 
required optimization of the design of a s y m 
met r i ca l microwave lens to satisfy two r e 
qu i r emen t s . Considering a cen t ra l section 
(the in tersec t ion by a plane which contains 
the optical ax is ) , the r ays ( i . e . , normals to 
the spher ica l wave fronts) in this plane e m a 
nating from a source position ex te r io r to the 
l ens must (1) have approximate ly the s a m e 
"path length" and (2) be such that the inc i 
dence angles of the final ref racted rays on a 
specified plane a re all approximately 90 d e 
g r e e s . 

The p r o g r a m used a compact vector ia l 
method (due to Silberstein) of t racing r ays 
through an optical sys tem. A family of pa i r s 
of spheres were taken as the spher ica l i n t e r 
faces which defined the lens . In this way 
specifications for the mos t suitable " s p h e r i 
c a l " l enses , and for the associa ted source 
position, w e r e obtained. 

P rob lem #85. Meteor Computation V 

The solution of a set of 15 s imultaneous 
f i r s t o rder non-l inear ordinary differential 
equations was p rogrammed by T. C. Duke of 
MIT Pro jec t Meteor. Four different forms of 
the equations were considered. In three of 
the forms considered, th ree of the dependent 
var iab les w e r e determined by use of three 
b ivar ia te tabular functions. Solutions were 
obtained in a l l four c a s e s , but only the one 
which did not use the bivar ia te function tables 
proved to be sat isfactory. It i s believed 
that the difficulties in the other three a r i s e 
from programming mis takes in the part of 
the p r o g r a m which deals with the external 
magne t ic - tape unit on which the bivariate 
tables were s tored. Unfortunately, the in 
accu rac i e s in the solution were not detected 
until after the computer shutdown in August. 
During the shutdown these cases were p r o 
g rammed for the IBM equipment a t the MIT 
Office of Stat is t ical Serv ices , but no solution 
has yet been obtained. 

Prob lem #86. Unsteady Gas Flow Through 
Porous Media 

This problem was c a r r i e d out in coopera
tion with the Magnolia Pe t ro leum Company. 
Solutions were obtained for the non- l inear 
sys tem of equations represent ing t rans ien t 
gas flow through porous media . These solu
tions should be of considerable value to the 
oil industry as an aid in understanding and 
predict ing the behavior of natural gas r e s e r 
voi rs . 

The study of this problem reso lves itself 
into the study of non-l inear par t ia l differential 
equations of the parabolic type. The non-
l inear i ty en te r s the problem because the gas 
v iscos i ty and compress ib i l i ty a re a s sumed to 
be functions of the p r e s s u r e in order to r e p 
r e s e n t p roper ly the conditions that occur in 
na tura l gas r e s e r v o i r s . A four point dif
ference method was used and a suitable t ime 
s tep was chosen to insure numer ica l s tab i l i 
ty. 

The hypothetical r e s e r v o i r studied was a 
flat disc of porous m a t e r i a l charged with an 
ini t ial p r e s s u r e P m . The top, bottom, and 
side boundaries were a s sumed to be sealed 
and therefore impervious to gas flow. It was 
a s sumed that the well p r e s s u r e was suddenly 
lowered to a new value P D and then held con
s tant a t that value. The des i red solution of 
the problem is a descript ion of the p r e s s u r e 
dis t r ibut ion throughout the r e s e r v o i r as a 
function of t ime . Fami l i e s of solutions were 

p 
obtained by varying the rat io •=**• and the 

^ m 
coefficients of viscosi ty and compress ib i l i ty 
of the gas . The concept of a s teady-s ta te 
c o r e surrounding the well bore was i n t r o 
duced to p remi t the use of a l a r g e r effective 
t ime step. 

P rob lem #87. Autocorrelat ion 

The need was felt a t the MIT Servo-
mechan i sms Laboratory for a method for ob
taining a frequency spec t rum for recorded 
data to a high degree of resolution and for a 
wide range of f requencies . This may be 
accompl i shed by performing an au toco r r e l a 
tion of the recorded data and taking the F o u r i 
e r cosine t rans form of the autocorre la t ion 
function thus obtained. The t rans formed 
function is the des i red frequency spec t rum, 
which gives the relat ive amplitudes of the 
component frequencies in the data. 

A p r o g r a m has been writ ten which ca l 
cu la tes the values of the autocorre la t ion func
tion of any function represented by a sequence 
of any given number of values recorded at 
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consecutive, equally spaced time in te rva ls . 
The autocorre la t ion function is obtained at 
101 equally spaced points corresponding to 
shifts of 0, 1 100 of the chosen time 
in terva ls . The ability of the p rogram to 
handle unlimited data a r i s e s from the fact that 
the computations required to obtain all 101 
final values a re c a r r i e d on simultaneously. 
Data is read in groups of 50 numbers r e 
corded in blocks on standard Flexowri ter 
tape, with blank tape between blocks. After 
computations a re ca r r i ed out on these 50 
numbers , they a r e discarded and the next 
block is read in automatically. The final 
values a r e accumulated gradually as the p ro 
cess continues. In order to obtain a l a rge r 
range of the shift variable in the au tocor re la 
tion function, the data may be processed three 
t imes with the chosen shifts being respec t ive
ly 1, 3, and 5 t imes the sampling ra te of the 
original data. The resul t is then an autocor
relation function defined for the range from 
0 to 500 time in te rva l s , defined to a high de
gree oi resolution on the high-frequency end 
and a l e s s e r degree of resolution for low 
frequencies . The values of this function a re 
printed and /o r punched on tape by the com
puter. The resul t ing curve is extremely 

sat isfactory and much above the s tandards 
for such curves ordinari ly obtained by other 
methods . 

A program for obtaining the F o u r i e r 
cosine t ransform has been writ ten which 
takes the output tape from the autocorrela t ion 
p rogram direct ly and computes the des i r ed 
frequency spectrum at 101 equally spaced 
points within any specified range of frequen
c ies . If this range is taken la rge , the spec 
t rum curve is roughly outlined, and regions 
of in t e re s t may be located. Then, using a 
small range about the region of frequencies 
which a r e of in te res t , optimum resolution of 
the spec t rum function may be obtained. Re
sults h e r e , too, a r e far above those obtained 
by other methods. 

The time required for au tocor re la t ion of 
4500 data points is about 12 minutes . Includ
ing the other two autocorrela t ion runs and 
two or three runs of the t r ans fo rm p rog ram, 
a complete frequency spec t rum may be ob
tained in less than one hour , once the data 
tape has been prepared . 

Both p rog rams may be used separa te ly , 
and the t ransform program may be easi ly 
conver tedto give the Four i e r sine t r ans form. 
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5. ACADEMIC PROGRAM 
IN AUTOMATIC COMPUTATION 
AND NUMERICAL ANALYSIS 

5.1 SUMMER SESSION, 1952 

A special two-week course of instruction 
on Digital Computers and Their Applications 
(Subject 6. 539) was held at Massachuset ts 
Institute of Technology from July 21 to August 
2, 1952. Applications for this course were 
considerably heavier than were anticipated, 

and even though 95 persons were accepted, a 
number of qualified applicants had to be r e 
fused admission. The 95 who attended r e p 
resented 61 different governmental and indus
t r ia l organizat ions. Par t icu lar ly well r e p 
resented were a i rcraf t indus t r ies , insurance 
companies, and companies involved in the 
product ionanduse of digital computing equip
ment. 

The program for the summer sess ion 
involved two 1-hour lec tures each morning 
of the ten days during which c lasses m e t 
The topics of these lec tures a re given below: 

Introduction to Digital Computers 
P rog ramming 
His tor ical Development of Digital Computers 
Number System in Computers 
P rog ramming 
Subroutines 
Storage Systems 
Location of P rog ramming Mistakes 
Logical Operations * 
Elementary Function Evaluation 
P rob lems of Numerical Analysis 
Conversion 
Interpret ive Mistake-diagnosis Subroutine 
Secondary Storage and Terminal Equipment 
Matr ix Operations 
Rea l - t ime Applications 
Other Computers and Systems of Design 
New Engineering Developments and Trends 
Concluding Remarks 

c. 
c. 
J . 

c. 
c 
D . 
R. 
C . 
C. 
F . 
J . 
J . 
D . 
C. 
D. 
c. 
c. 
N. 

c. 

w. 
w. 
w. 
w. 
w. 
J . 
R . 
W 
W. 
C . 
D . 
M . 

Adams 
Adams 
F o r r e s t e r 
Adams 
Adams 

Wheeler 
Everet t 
Adams 
Adams 
Helwig 
Po r t e r 
Frankovich 

Combelic 
W 
G. 
R . 
W 
H . 
W 
J . 

Adams 
Aronson 
Wieser , D. R 
Adams 
Taylor 
Adams, 
W. F o r r e s t e r 

I s rae l 

In the afternoon the c lass was separated 
into nine approximately equal sect ions , with 
some at tempt to put people of s imi lar in te res t s 
and background together. Ten m e m b e r s of 
the Digital Computer Labora tory Staff were 
ass igned temporar i ly as full- t ime in s t ruc 
t o r s in this course These ins t ruc to rs met 
with their respect ive sect ions each afternoon 
for group discuss ion and individual i n s t ruc 
tion. Each section was further divided into 
two groups . Each group, aided when neces 
s a ry by the i n s t r u c t o r s , wrote the neces sa ry 
p r o g r a m s , punched tapes, and performed on 
the Whirlwind computer three typical (but of 
cour se fairly simple) problems which had 
been ass igned. By the third day of the course 
mos t of the groups of the c lass had s u c c e s s 
fully p r epa red and operated their f i rs t p r o 
g r a m on the Whirlwind computer . 

To facil i tate the p rocess of teaching the 
e lements of coding to such a var ied group of 
s tudents , a simplified vers ion of the Whirl
wind I ins t ruc t ion code was employed through
out the c o u r s e . Specially designed modifica

tions of the s tandard serv ice routines then 
available were used to pe rmi t introduction 
of decimal and alphabetical information into 
the Whirlwind computer and to facilitate the 
location of programming mis takes in the p r o 
grams which the students had prepared . 

The first problem which the students 
solved was the generation of values of a 
seventh degree polynomial for success ive 
values of x. The resul t s were displayed in 
graphical form on the oscil loscope equip
ment associated with the Whirlwind computer . 
The second problem involved the solution by 
e lementary numerical means of the differen
tial equations of motion of a ball bouncing on 
a horizontal surface. The third problem, 
which was intended to exemplify the appl ica
tion of digital computers to business p r o b 
l e m s , was a fairly complete but simplified 
payroll problem. 

All of the necessa ry payroll information 
was processed automatically starting with a 
hypothetical time clock which perforated i t s 
own paper tape. This tape could then be read 
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directly into the computer . 
While the d ivers i ty of background of the 

many students in the course made it difficult 
to provide instruct ion that was of uniform 
in te res t to a l l , this same divers i ty added to 
the success of the course by providing a 
stimulating interchange of ideas among s tu
dents and ins t ruc to r s al ike, with many v a r i 
ous phases of computer applications and de
velopmental work being well represented 
among the students and i n s t ruc to r s . 

5. 2 FALL TERM, 1952 

The academic p r o g r a m offered at MIT 
in Digital Computation and related fields in
cludes a number of graduate subjects offered 
in the regu la r fall and spring t e r m s . Among 
the fall t e r m subjects is an Introduction to 
Digital Computer Coding and Logic (Subject 
6. 535) now being taught by P ro fe s so r Char les 
W. Adams of the Digital Computer Labora 
tory, who supervised the summer session de 
scr ibed above. Registrat ion of 32 students 
and several l i s t ene r s for this subject is con
siderably higher than it has been in the pas t . 

The subject matter in the course has changed 
continuously from y e a r to yea r since i ts in
ception five years ago. It is being taught 
this year from lec tu res and printed notes 
with somewhat more continuity than those 
which have been provided in the past. 

Another course being offered at MIT, 
entitled Switching Circui t s (Subject 6. 567) 
involves Boolean a lgebra applied to logical 
c ircui t synthesis . This is being taught by 
P ro fes so r Samuel H. Caldwell, using notes 
of his own in conjunction with the Bell T e l e 
phone Labora tor ies and the Harvard Com
putation Laboratory texts on the subject. 
Th i r ty - th ree students have reg is te red for 
this subject, a great inc rease over last y e a r ' s 
reg is t ra t ion . 

Numerical Analysis (Subject M411) is 
being offered for the f i r s t time by the Depar t 
ment of Mathematics under Professor F r a n c i s 
B. Hildebrand. While a s imi la r p rogram was 
formerly offered under the Department of 
Elec t r ica l Engineering (Subject 6.531) this 
r ep resen t s the f i rs t course in numer ica l 
analysis to be offered by the MIT Mathe
mat ics Department. Thirteen students have 
reg is te red for this new course . 

is 

6. APPENDIX 

6.1 REPORTS AND PUBLICATIONS 

Pro jec t Whirlwind technical r epor t s and memorandums a re routinely dis t r ibuted to only a 
r e s t r i c t ed group who a r e known to have a par t icu la r in teres t in the Pro jec t . Other people who 
need information on specific phases of the work may obtain copies of individual r epor t s by 
making requests to John C. P r o c t o r , Digital Computer Laboratory, 211 Massachuse t t s Avenue, 
Cambridge 39, Massachuset t s . 

The following repor t s and memorandums were among those issued during the third qua r t e r 
of 1952. 

N o . 

SR-30 

Title 
Summary Report No. 30, Second 
Quar te r 1952 

No. of 
Pages 

24 

Date Author 

E-466 Operation of the In-Out Element 34 

E-469 Visual Display Fac i l i t i es in the Final 
WWI Input-Output System • 13 

E-472 The Mi r ro r : A Proposed Simplified 

Symbol for Magnetic Circui t s 3 

E-473 Input P r o g r a m , September , 1952 4 

E-479 Basic Conversion P r o g r a m , Sept. , 
1952 4 

E-481 Toggle Switch Inputs and Indicator 
Light Outputs as External Units 8 

E-482 Operation of Magnetic Tape Units 7 

7-15-52 E . S . Rich 

8-5-52 J . F o r g i e 

8-13-52 R . P . Mayer 

8-21-52 C. W. Adams 

9-4-52 M. Rotenberg 

9-17-52 G.A. Young 

9-11-52 B . E . M o r r i s s 

M-1548 Use of Whirlwind I by Industr ia l 
Organizations 4 

M-1551 Initial Operation of WWI Termina l 
Equipment with the New In-Out System 11 

M-1555 A Three-Megacycle T rans i s to r F l ip -
Flop 2 

M-1624 Short Guide to Coding and Whirlwind I 
Operation Code 13 

M-1649 Proposed New Order so, Subtract 
One 2 

7-7-52 C.W. Adams 

7-17-52 F . E . H e a r t 

7-9-52 A. W. Heineck 

9-2-52 P . Bagley 

9-24-52 J . H . Hughes 

6.2 PROFESSIONAL SOCIETY PAPERS 

R. R. Evere t t ' s paper "The Digital Com
puter, " which was delivered at the jointAIEE-

IRE Computer Conference, Phi ladelphia, 
December 1951, was published in the August 
1952 Elec t r ica l Engineering. 
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