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FOREWORD 

Project Whirlwind 

Project Whirlwindat the Massachusetts Institute ofTechnology Digital Computer Laboratory 
is sponsored by the Office of Naval Research under Contract N5ori60 and the United States Air 
Force under Contract AF19(122)-458. 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. At the present time Project 
resources are about equally divided between (1) operation of the computer and improvement of 
its reliability; (2) applications of the computer to engineering and scientific problems; (3) storage 
research and development; and (4) design of additional terminal facilities 

The Whirlwind Computers 

The Whirlwind computer is of the high-speed electronic digital type, in which quantities are 
represented as discrete numbers, and complex problems are solved by the repeated use of 
fundamental arithmetic and logical (i.e. , control or selection) operations. Computations are 
executed by fractional-microsecond pulses in electronic circuits, of which the principal ones 
are (l) the flip-flop, a circuit containing two vacuum tubes so connected that one tube or the 
other is conducting, but not both; (2) the gate or coincidence circuit; (3) the electrostatic storage 
tube, which uses an electron beam for storing digits as positive ornegative chargeson a storage 
surface. 

Whirlwind I (WWI) may be regarded as a prototype from which other computers will be 
evolved. It is being used for a study of circuit techniques and for the study of digital com­
puter applications and problems. 

Whirlwind I uses 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 permits the computation of 
many simulation problems. Calculations requiring greater number length are handled by the 
use of multiple-length numbers. Rapid-access electrostatic storage initially had a capacity of 
409b binary digits, sufficient for some actual problems and for preliminary investigations in 
most field* of interest. This capacity is being gradually increased toward the design figure of 
32, 768 digits. Present speed of the computer is 20, 000 single-address operations per second, 
equivalent to about 6000 multiplications per second. This speed is higher thangeneral scientific 
computation demands at the present state of the art . but is needed for control and simulation 
studies. 

Reports 

Quarterly reports are issued to maintain a supply of up-to-date information on the status of 
the Project. Detailed information on technical 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 list of the 
publications issued during the period covered by this Summary, together with instructions for 
obtaining copies of them, appears in the Appendix. 

1. QUARTERLY REVIEW 
(AND ABSTRACT) 

During the third quar ter the computer 
has been available for applications studies an 
average of 30 hours per week despite shut­
downs for severa l major modifications. Ex­
tensive circuit modifications were made in 
preparat ion for the installation of a second 
bank (Bank B) of s torage tubes, and a number 
of changes were made to accomodate the new 
in-out sys tem. Never theless , about 80 p e r ­
cent of the scheduled applications time yield­
ed useful work. 

The marginal-checking program has be­
come so effective that most of the failures 
that now occur a r e intermit tent or sudden 
mechanical failures that a re difficult to p r e ­
dict by marginal-checking techniques. Spe­
cial trouble-location programs a r e being wr i t ­
ten to facilitate the rapid location of such 
fai lures . The addition of a new amplifier 
circuit and the use of a more opaque paper 
tape have brought the photoelectric tape read­
er to a high degree of rel iabil i ty. 

The Applications Group has made s ig ­
nificant p rogress in the development of tech­
niques for preparing and performing comput­
er p r o g r a m s . Interpretive subroutines a r e 
being prepared to facilitate the scaling of 
numbers so that the proper number of s ig­
nificant digits will be ca r r ied . Standard sub­
routines a r e being ar ranged in a clearly ca ta ­
logued " l ib ra ry" to provide a quick and easy 
method for programming commonly needed 
operations such as evaluation of sines, co­
sines, tangents, exponentials, logar i thms, 
and square roots , and the performance of 
routine procedures suchas printing numbers , 
photographing curves that have been plotted 
on an oscilloscope screen, reading tapes, 
and interpolating in tables of functions. 

A very flexible input conversion program 
has been developed to permit d i rec t introduc­
tion of Flexowri ter-coded punched tapes into 
the computer . A t ime-consuming intermedi­
ate operation, involving the punching of pap­
er tape by the computer, will be much shor t ­
ened when magnetic-tape equipment becomes 
available for buffer s torage. 

In addition to these general techniques 
of programming, the Applications Group has 
worked on the coding and solution of a num­
ber of actual problems listed in Section 6.2 . 

Predominant causes of vacuum-tube fail­

u res continue to be changes in c h a r a c t e r i s ­
tics (chiefly reduced plate current) and mech­
anical faults. The Digital Computer Labora-
to ry i s cooperating in r e sea r ch with the ASTM 
committee concerned with mate r ia l s used in 
oxide-coated cathodes for vacuum tubes. 

An experimental two-dimensional mag­
netic memory a r r a y using 256 small m e t a l ­
lic cores is being constructed. It will have 
a minimum wri t ing-reading cycle t ime of 
about 20 microseconds . Driving and sensing 
windings a re single turn, and the f irs t cores 
to be tried a r e 3 / l6 - inch-d iamete r rings of 
Mo-Perm 216. A s imilar magnetic memory 
a r r a y using 256 ceramic cores is a l so being 
constructed. It is expected to have a cycle 
t ime under 5 microseconds . The co res a re 
made of an improved version of F e r r a m i c A. 

A magnet ic-core mat r ix switch that has 
been designed shows promise lor a number 
of applications. It will be used to drive the 
16 x 16 ce ramic memory a r r a y . A model of 
the switch is i l lustrated in Section 3 .43 . 

A dual of the two-dimensional magnet ic-
core storage is being designedusing a matr ix 
of fer roelect r ic condensers . If they can be 
made to work satisfactori ly, fe r roe lec t r ic 
circuits should provide very compact memory 
elements . 

Operation of storage tubes has heen made 
more reliable by a modification ol the gun 
construction that eliminates r-f pickup on the 
deflection pla tes . The new 400-ser ies p ro ­
totype tubes have operated sat isfactori ly in 
test setups at a density of 1024 spots . Small 
changes in operating and maintenance p r o ­
cedures have corrected several conditions 
that contributed to random failures of 300-
ser ies tubes occurring after six months of 
operation. 

Average age of storage tubes in the com­
puter at the end of the quar ter was 1300 hours 
(5 to 2400). Seven tubes have been in opera­
tion more than 1700 hours . 

Research continues toward the develop­
ment of higher-densi ty s torage and improved 
guns, and the elimination of dark-spot forma­
tion. 

The magnetic-tape input and output mech­
anism shows further improvement. To p e r ­
mit the use of blemished tape, the six chan­
nels of the tape have been connected into three 
pa i r s , the two channels ol each pair being 
operated in para l le l . A hard-tube c i rcui t for 
controlling the clutch in the magnet ic- tape 
mechanism has been developed to replace the 
gas-tube c i r cu i t s . 
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SYSTEM ENGINEERING 

2. 1 COMPUTER OPERATION 

During the third quar te r of 1951 the c o m ­
puter underwent severa l major modifications. 
Prepara t ions were made for installation of a 
second bank (Bank B) of s torage tubes. The 
resulting circui t modifications and changes 
were made in the individual digits and also in 
s torage control. In addition, a number of the 
voltages for the Bank A s torage tubes were 
changed. Besides the installation and chang­
es made in s torage, there have been anumber 
of changes in the computer to accomodate the 
new in-out sys tem. These changes consisted 
largely of installation of d-c wiring for the new 
in-out switch and in-out r eg i s t e r , as well as 
provisions for modifying the comparison r e g ­
i s te r for opera t ionas an in-out delay counter. 
This d-c wiring installation was a lso accom­
panied by the normal hardware installation 
and addition of voltage-variat ion c i rcu i t s , 
fuse panels , and other system connections. 

In spite of these changes, the computer 
has been able to average approximately 30 
hours per week of application t ime, 80 p e r ­
cent of this time being useful to the applica­
tions groups. Considering the major changes 
which were in p r o g r e s s , this seems to be 
quite sat isfactory. 

The scope of the marginal-checking s y s ­
tem has been extended by the addition of a 
number of voltage-variat ion c i rcui ts to some 
of the new equipment and by the writing of a 
number of new marginal-checking p rog rams . 
Marginal checking has become so effective 
that most failures a r e now intermit tent or 
sudden mechanical fai lures in r e s i s t o r s , 
tubes, tube sockets , e tc . These types of fai l­
u res are difficult to predict by marg ina l -
checking techniques. Therefore we a re wr i t ­
ing a number of special trouble-location p r o ­
g rams to facilitate rapid location and e l imina-
of these fai lures. As soon as the second bank 
of storage tubes has been completely ins ta l ­
led and checked out, these trouble-locat ion 
programs will be used more frequently, and 
it is expected that this will help to increase 
the percentage of usable applications t ime. 

2.2 PHOTOELECTRIC TAPE READER 

The photoelectric tape reader was ins ta l ­
led and operated in the system during the s e c ­
ond quar ter . As descr ibed in Summary R e ­

port 26, it was not at f i rs t sat isfactori ly r e ­
l iable . System tests indicated that the poor 
long- te rm reliabil i ty was caused by four m a ­
jor fac tors . 

(1) Sensitivity of the amplif ier to duty 
cycle caused e r r o r s on some tapes . This 
duty-cycle sensitivity was caused b y a - c cou­
pling. It was substantial ly reduced, although 
not eliminated, by a change in the coupling 
t ime constants . 

(2) The gain of the amplif ier was inade­
quate. This prevented both sat isfactory c l ip­
ping and rel iable separat ion of signal and 
noise . Slight drifts in tube ch a rac t e r i s t i c s 
were enough to cause loss of clipping and 
thus spurious output s ignals . 

(3) The paper tape used in the photo­
electr ic tape reader was designed for a mech­
anical r eade r . No grea t effort had been made 
by the manufacturer to maintain uniform light 
density, and the paper was somewhat t r a n s ­
lucent. The variat ion in density of the paper 
was being sensed by the phototubes and was 
producing a noise background with an ampl i ­
tude up to 20% of the maximum signal ampl i ­
tude. It seemed probable that this noise could 
be tolerated if the amplif iers were redesigned 
to remove duty-cycle sensitivity and inc rease 
the gain. 

(4) Difficulties in the tape-dr ive mech­
anism caused occasional creeping or unre l i ­
able s tar t ing of the tape. This mechanical 
trouble was cor rec ted by machining the tape 
face plate in such a way as to dr ive the tape 
in a more positive manner . 

To c o r r e c t the f i rs t two t roubles , it was 
decided to design a d-c coupled amplif ier to 
replace the a-c coupled amplifier being used. 
The d-c coupling allowed more gain to be built 
into the same number of s tages, and it also 
made the gain of the amplifier insensi t ive to 
duty cycle. The original circui t amplified the 
initial signals twice as much as it did the suc ­
ceeding ones. This d-c coupled amplifier has 
been built, and advantages of the c i rcu i t men­
tioned above have been real ized. 

The reader i s marginal -checked by va ry ­
ing the amplifier grid bias while a test tape 
is being cycled through the r eade r . Informa­
tion on the tape is compared with the same 
information stored in the computer. The low­
er ext reme of this bias excursion is reached 
when the noise voltage is sensed a s informa­
tion pulses; the upper ext reme occurs when 
the bias is so great that the signal does not 
receive sufficient amplification to allow its 
information to pass into the computer . At 
either of these ext remes the computer indi­
cates an e r r o r by giving an a la rm. The bi­
as i s adjusted for normal operation to a va l ­
ue about half way between these two ex t r emes . 
As descr ibed he re , the marginal checking 

SYSTEM ENGINEERING 

was used only to adjust the ampl i f i e r s , but 
actually the magnitude of the allowable gr id-
bias excurs ion can be used as an indication 
of the condition of the ampl i f ie r s . Any de ­
ter iora t ion in components will be shown up 
by a dec r ea se in this allowable swing. 

The photoelectr ic tape r eader using this 
new amplif ier c i rcu i t and a more opaque gray 
tape instead of the yellow tape used previ -
ously has opera ted now for six weeks with a 

very high degree of re l iabi l i ty . One poor 
feature which did show up during this period 
was the shor t life expectancy of the exci ter 
lamp being used. This difficulty was c o r ­
rec ted by using a low-voltage lamp with a 
much heavier fi lament s t r u c t u r e . The r e ­
sult of all these modifications has been a 
unit which can be easily adjusted and then left 
unattended for severa l weeks without the need 
for readjus tment . 
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CIRCUITS AND COMPONENTS 

3. 1 FIVE-DIGIT MULTIPLIER 

At the end of the second quarter of 1951 
the reliability test on the five-digit multiplier 
•was terminated. Results of this investigation 
have been reported periodically in summary 
reports issued during the past two years. The 
principal reasons for concluding the test were: 
(1) The achievement of a high degree of rel i­
ability in the operation of electronic comput­
ing circuits has been demonstrated. (2) Suf­
ficient experience has been obtained in opera­
tion of the Whirlwind computer to indicate 
that the performance of the computer is com­
parable with that of the multiplier, so that 
further studies of maintenance techniques on 
the multiplier system are of little value. 

Currently the multiplier is being used 
for instruction of new personnel in computer 
system logic and trouble shooting. In the fu­
ture the multiplier will be used for testing 
new computer circuits and components. 

3 .2 VACUUM-TUBE LIFE 

3.21 Five-Digit Multiplier 

Curves showing the life characteristics 
of types 7AD7, 7AK7, and 6AS6 vacuum tubes 
when used in the multiplier were published in 
Summary Reports 22, 23, and 25. Fig. 3-1 
presents similar curves plotted out to 26,000 
hours. The plots include information from 
both the original and the replacement tubes in 
one graph. The test data are similar to those 
which would be available from many different 
lots started on test at different calendar dates. 
The method of analysis combines the data at 
corresponding ages for the different lots, and 
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the results are plotted as a curve of survival 
percentages versus length of service . The 
early section of the curve is based on a larger 
sample of tubes than the later sections, which 
do not include data from so many replacement 
tubes. On the graph, the figures in parenthe­
sis give the total number of tubes on which 
experience has been obtained. 

Although the curves of Fig. 3-1 are ex­
tended more than 25% over those previously 
published (see Summary Report 25), very lit­
tle change in their shape is evident. The log­
arithmic scale for the ordinates of the graph 
was chosen so that the slopes of the curves 
would show the relative rates of failure. For 
all tubes the rate decreases for increasing 
length of service, as indicated by the flatten­
ing out of the curves. It is probably not valid 
to conclude that this is typical of tube behav­
ior, since the samples involved are small. 

3. 22 WWI Computer 

The failures of vacuum tubes that have 
occurred in WWI during the past quarter are 
tabulated in Fig. 3-2. This tabulation shows 
no significant changes in the failure patterns 
over those which have been published for pre­
vious quarters. The predominant causes of 
failure continue to be (1) changes in charac­
teristics (primarily reduction of plate cur­
rent) and (2) mechanical faults (mostly tap 
shorts). 

Calculations have been made of the aver­
age failure rates for the five types of tubes 
most used in the computer circuits. These 
types constitute about 90 percent of the tube 
complement of the computer. The calcula­
tions do not include data on replacement 
tubes, since the records have not yet been 
transcribed onto punched cards for easier 
analysis. These failure rates, listed in Fig. 
3-3, are averaged over a period of about 
7000 hours and include failures from all caus­
e s . Types 7AD7 and 3E29 showed the largest 
failure rates. The type 3E29 tubes exhibit 
serious cathode interface deterioration. 

3. 23 Life Tests 

Fig. 3-1. Tube-life Experience in 
Multiplier 

Life tests made during the last quarter 
have been directed toward the resolution of 
an anomaly, the formation of cathode-inter­
face resistance in SR-1407 tubes constructed 
with passive cathode base material ( less than 
0.01 percent silicon). According to previous 
studies, this formation would not be expected 
in tubes with such cathodes. Furthermore, 
previous experience has shown that in tubes 
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Type 

7AD7 

7AK7 

6SN7 

6Y6G 

6AS7G 

6L6G 

2C51 

6AH6 

5U4G 

6X5GT 

3E29 

715B 

EL3C 

6V6 

ELC16J 

OD3/VR150 

6SL7 

5651 

5Y3GT 

Total in 
Service 

1800 

1500 

400 

300 

80 

80 

20 

7 

24 

22 

160 

20 

2 

50 

12 

28 

11 

24 

5 

Hours at 
Failure 

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

41 
7000-8000 

2000-3000 
4000-5000 
6000-7000 
7000-8000 

4889 
2757 
7352 

842 
2146 

3918 

4534 

3000-4000 
4000-5000 
5000-6000 

7638 
7709 
3396 

4000-5000 
5000-6000 
6000-7000 
7000-8000 
8000-9000 

25 
5000-6000 

3988 

2786 

4000-5000 
3688 

2000-3000 
4534 
8206 

8206 

4534 
8206 

5110 

Reason for Failure; Number failed 

Change in 
Characteristics 

2 
3 
3 
2 
8 

14 
4 

2 

1 

2 
3 

1 

1 

2 
2 

1 
1 
1 

2 
1 
1 

2 

2 

1 

2 

2 
1 

2 
1 

1 

1 
1 

Mechanical 

1 
6 
2 
8 

11 
5 

1 
3 

3 

1 

1 

1 

1 

1 

1 

1 

Burn-out 

1 

1 
2 

Gassy 

] 

1. 

1 

Fig. 3-2. Tube Failures in WWI 
July 1 - September 30, 1951 
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10 3. CIRCUITS AND COMPONENTS 

Tube Type F a i l u r e s 

6Y6G 

3E29 

7AK7 

7AD7 

6SN7GT 

F ig . 3-3 Fa i lu re 
in 

subject to interface deter iora t ion , the in te r ­
face res i s tance forms slowly dur ing the f i rs t 
few hundred hours and more rapidly as the 
tubes grow older . In samples from a p ro ­
duction run of SR-1407 tubes , sufficient in­
terface formed during a 500-hour acce l e r a t ­
ed test to indicate that the tubes w e r e unsat­
isfactory. However, in a life t e s t of these 
tubes under normal operating conditions it 
was found that their ra te of format ion of in­
terface dec r ea se s as they age; and at 2500 
hours it appears that the amount of interface 
de ter iora t ion will not be impor tan t in tubes 
operated under the normal conditions of com­
puter c i r cu i t s . It is evident that fur ther study 
of this behavior is n e c e s s a r y and that the con­
cept of acce le ra ted life testing to determine 
susceptibil i ty to the formation of in terface r e ­
s is tance must be reviewed. 

The Digital Computer Labora to ry is now 
cooperating with the ASTM commit tee con­
cerned with ma te r i a l s used in oxide-coated 
cathodes for vacuum tubes. The ASTM desig­
nation for this committee is B4, sub-sect ion 
VIII-A. The Laboratory equipment for the de­
terminat ion of the impedance a s soc ia t ed with 
the cathode interface has been used in coop­
erat ive testing of one lot of tubes (type 25L6GT) 
which were also tested in the l abora to r i e s of 
the General E lec t r ic Company and at the 
Evans Signal Labora tory . Standard ASTM 
diodes have also been analyzed for interface 
impedance as an ass i s tance to the Raytheon 
Manufacturing Company r e s e a r c h p r o g r a m . 

The Digital Computer Labora to ry is in­
t e res t ed in the ASTM cathode p r o g r a m for two 
reasons . F i r s t , the Laboratory is vitally in­
te res ted in the cathode improvements which 
can be made in s tandard receiv ing- type tubes; 

per 1000 tubes per 1000 hours 

14 

35 

4 

35 

10 

Rates of Vacuum Tubes 
WWI 

second, any improved cathode m a t e r i a l s may 
well prove useful in the construct ion of s t o r ­
age tubes. Although the ASTM program is not 
p r imar i ly concerned with these improvements 
in m a t e r i a l s , the tes t ing techniques being d e ­
veloped through this p rog ram a r e essent ia l 
before improved m a t e r i a l s can be produced. 

3.3 COMPONENT REPLACEMENTS 
IN WWI 

Fig . 3-4 l is t? the rep lacements of c o m ­
ponents other than tubes during the third qua r ­
ter of 1951. 

3.4 FERROMAGNETIC AND 
FERROELECTRIC CORES 

Summary Repor ts 24, 25, and 26 con­
tained discuss ions o f ( l ) a scheme for storing 
digital information in a th ree-d imens iona l a r ­
ray of magnetic c o r e s , (2) the resu l t s of r e ­
search work on the individual c o r e s , (3) ex­
perimental operat ion of a 4 - c o r e a r r a y , and 
(4) an extension of the original scheme which 
results in improved speeds and signal rat ios. 

The following pa rag raphs discuss a c ­
tivity during the l a s t quar te r , including (l) 
p rog res s in the design and construct ion of two 
256-core memory a r r a y s and (2) the concep­
tion of a magne t i c -core mat r ix switch which 
may be the answer to the se lec t ing /dr iv ing 
problem of the c e r a m i c a r r ay and which has 
many other possible appl icat ions . Also d i s ­
cussed is the state of r e s e a r c h on f e r roe l ec ­
t r i c - s l ab s torage and some work done on H a r ­
vard-type magne t i c -co re stepping r e g i s t e r s . 

3. CIRCUITS AND COMPONENTS 

Component 

Capacitor 

Choke 

Delay Line 

Pulse 
Transformer 

Toggle 
Switch 

Resistor 

Crystal 
Rectifiers 

Type 

0. 5 mfd 
600 V Bath-

Tub 

560 mmfd 
Mica 

0.001 mfd 
Mica 

2x20 mfd 
Plug-in 

25 uh 
RF 

0. 3 usee 
1 100 ohms 

5:1 

1:1 

SPST 

Carbon 
2200 ohms 

1 watt 

Carbon 
220 ohms 

1 watt 
Carbon 
1. 5 meg 
1/2 watt 

Wire-Wound 
5000 ohms 

8 watt 

Wire-Wound 
6300 ohms 

8 watt 
Wire-Wound • 

1600 ohms 
8 watt 

Wire-Wound 
2000 ohms 

8 watt 
Precision 
50 K ohms 

1 watt 

D-357 

D-358 

Total in 
Service 

50 

1 

3300 

40 

300 

1 

300 

600 

500 

200 

9300 . 

10 

700 

25 

750 

750 

100 

7500 

3100 

No. of 
Failures 

4 

4 

3 

2 

Hours of 
Operation 

5066 

3297 

3297 

540 

5960 

6444 

6982 
7073 

4555 

6982 

7673 

6332 

5496 

5367 

7163 
7398 
5477 
7878 

0 

0 

7801 

5064 

3266 

2000-3000 

4000-5000 

5000-6000 

6000-7000 

7000-8000 

1000-2000 

4000-5000 
5000-6000 

6000-7000 
7000-8000 

Comments 

Loose terminal and oil 
leakage 

Burned out by short in 
715B tube 

Burned out bv short in 
715B tube 

Blew out 

Short in 715B tube 

Open 

Open primary 

Open winding 
Open primary 

Intermittent open ' 

Change in characteristics 

Overheated 

Overheated 

Intermittent open 

Open 
Open 
Open 
Open 

Intermittent open 

Open 

Open 

Open 

Open 

1 low RD 

1 oscillation 
low Rb 

2 low Rb 
1 high forward resistance 
low Rb 

4 low Rb 
1 oscillation 
low Rb 

low Rb 
low Rb 
lowR b 

low Rb 

Fig . 3-4. Fa i lu res of Components in WWI 
July 1 - September 30, 1951 
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12 3. CIRCUITS AND COMPONENTS 

3.41 16 x 16 Metallic Ar ray 

A 256-core planar a r r ay using small 
metall ic cores is being constructed. It is 
designed to be operated with se lec t ing-cur -
rent ra t ios of ei ther 3:1 or 2:1 and will have 
a minimum cycle t ime (the t ime neces sa ry 
to read and write) of about 20 microseconds . 

Driving and sensing windings a r e single 
turn (one pass of each conductor through each 
core), and driving cu r ren t s a r e approximately 
l / 4 a m p e r e . At the low duty factors planned 
for this a r r a y , these driving cu r r en t s can be 
del ivered by type 5687 vacuum tubes. A total 
of 70 of these tubes a r e needed; most of them 
would be common dr ivers for the additional 
digit planes of a l a rge computer memory . 
The a r r a y , the selecting and driving system, 
and the neces sa ry tes t equipment is being 
installed in three 19-inch r acks . 

The f i r s t cores to be t r ied a r e made up 
of 3 / l6- inch-diameter rings of Mo-Pe rm 216, 
the low-energy ma te r i a l d i scussed in the las t 
Summary Report . For this application, 400 
co res a r e being pulse- tes ted . 

Operating modes will resemble those 
used with the 4 -co re a r r a y . The ability of a 
core to hold information in the face of d is turb­
ing activity in the a r r a y will be tes ted. P ick­
up noise and c ross ta lk a re expected to be 
major problems and will be given careful 
attention. 

Assembly of the memory and the a s soc i ­
ated testing system is not expected to be 
complete until la te in November, and the 
testing system may be in proper operation 
ear ly in December . 

3. 42 16 x 16 Ceramic Ar ray 

A 256-core planar a r ray using small 
ce ramic co res is being assembled . It is de­
signed to be driven by two magnet ic -core 
ma t r ix switches (described in Section 3.43), 
and to have a cycle t ime under 5 m i c r o s e c ­
onds . 

Like the metal l ic a r r ay , this one has 
s ingle- turn driving and sensing windings. 
Driving cur ren t s a r e delivered directly by 
the above-mentioned switches. Four 3E29's 
and sixteen 6AS7'smake up the tube comple­
ment necessa ry to operate the switches from 
the " a d d r e s s " flip-flops and the logical test 
setup; most of these might be common dr ivers 
for the additional digit planes of a large com­
puter memory . All of the equipment fits into 
three 19-inch racks . 

The m e m o r y - c o r e rings a re made of a 
slightly improved version of F e r r a m i c A; 
they measure under l / 4 inch in outside di­

a m e t e r . The assembled 256-core m e m o r y 
fits on a square less than 7 inches on a s ide. 

Operating modes will be somewhat dif­
ferent from those of the metal l ic a r r a y , 
largely because of the inherent differences 
between vacuum-tube driving and magnetic -
co re - swi tch driving. 

Par t i a l resul ts a re expected in Decem­
be r . 

3.43 Magnet ic-Core Matr ix Switch 

The unique feature of the mul t i -d imen­
sional magnetic memory is the s t ra igh t for ­
ward method by which the m e m o r y units a r e 
selected. There r ema ins , however, a swi tch­
ing problem involving the selection of one line 
along each co-ordinate axis and driving it 
f i r s t in one direction and then in the other . 
Using present techniques this can be done 
with a c r y s t a l - m a t r i x switch followed by 
hard- tube d r ive r s . This scheme is expensive 
and ra ther awkward for l a rge a r r a y s , so 
other switching a r rangement s have been con­
s idered . 

A magnetic ma t r ix switch has been de ­
signed which seems very promis ing . It is to 
be t r ied in the exper imental c e r a m i c m e m o r y . 
To drive a s ingle- turn ce ramic a r r a y from 
hard tubes would be very expensive because 
of the large number of heavy tubes needed to 
supply the heavy driving c u r r e n t s . A complete 
mult i -dimensional memory which uses the 
magnetic ma t r ix switch might, however, need 
only two large dr iver tubes. 

The magnetic ma t r ix switch contains one 
saturable t r ans former for each position of 
the switch. The p r i m a r i e s of all the t r a n s ­
fo rmers are driven in s e r i e s from a common 
source , but all except the selected t r a n s ­
fo rmer a re saturated by at leas t one of the 
control windings. These control windings a r e 
connected in a typical binary scheme to the 
flip-flops, as shown in F ig . 3-5, so that any one 
of the t r ans fo rmers can be left unsaturated. 

A model of the switch (Fig. 3-6) has been 
constructed to demonstra te i ts operat ion. It 
i s an eight-position switch driven from a 
5,000-cycle sinewave source with a d-c source 
supplying the control windings through three 
single-pole double-throw toggle switches . 
The output position is selected by the toggle 
switches and is indicated by a lighted lamp 
bulb. This model, using Deltamax core m a ­
t e r i a l , has a selected to non-se lec ted voltage 
ra t io of 50: 1. 

It is expected that there will be many 
other uses for this switch in applicat ions 
requiring the switching of power c i rcu i t s as 
well as in informat ion-carrying c i r cu i t s . 
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3.44 F e r r o e l e c t r i c Storage 

F e r r o e l e c t r i c condensers are avai lable 
which have hys te res i s loops in the D-E plane 
with shapes s imi l a r to the hys te res i s loops 
of the fer romagnet ic ma te r i a l s in the B-H 
plane, as mentioned in Summary Repor t 26. 
Information can be stored in fe r roe lec t r i c 
condensers in a way analogous to that used 
to s tore information in magnetic co re s . Volt­
age sources a re substituted for cur ren t s o u r c ­
es as d r i v e r s , and cur ren t detectors a r e 
substituted for voltage de tec tors for reading 
the s to red information. In general , f e r r o ­
electr ic condensers can be used in c i r cu i t s 
which a r e the dual of the c i rcu i t s for their 
ferromagnetic counte rpar t s . 

A dual of the two-dimensional magne t ic -
core s torage is being designed using a m a t r i x 
of fe r roe lec t r i c condensers . A voltage of 
plus V/2 applied to one row and a voltage of 
minus V/2 applied to one column subjects the 
condenser at the intersect ion of the row and 
column to a reading voltage, V, which is set 
so as to be slightly g rea te r than the knee of 
the hys te re s i s loop. If, when this voltage is 

F ig . 3-5 . 8-Posi t ion Magnetic Switch 

'- ry 

Fig . 3-6. Model of 8-Posit ion Magnetic Switch 
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applied, a la rge cu r ren t flows into the se lec­
ted row (and out of the selected column), one 
knows that the condenser has switched from 
the bottom of its hys te res i s loop to the top, 
o r v i c e - v e r s a . If the condenser does not 
swi tch , the cu r ren t will be near ly zero . 
Changing the polari ty of both of the externally 
applied voltages allows the inverse function 
(write) to be accomplished. The logic of 
reading and wri t ing is identical to that of the 
two-dimensional magne t ic -core memory . By 
applying minus V/6 to the unused rows and 
plus V/6 to the unused columns (or vice versa 
while writing) all condensers except the se lec­
ted condenser a r e dis turbed by a voltage of 
V/3. The equivalent 3:1 selection scheme for 
the magnetic ma t r ix has been discussed in 
Summary Report 26. 

F e r r o e l e c t r i c c i rcu i t s have at least two 
potential advantages over ferromagnet ic c i r ­
cui ts : F i r s t , because a magnetic field is a 
d ivergence less field, a complete closed path 
is required for each magnetic c i rcui t , where ­
as an e lec t r ic field can terminate on a charge-
ca r ry ing ma te r i a l ; this fact re l ieves the 
e lec t r ic c i rcui t of the topological difficulties 
involved in obtaining f lux-l inkages, and pe r ­
mi t s improvements in packaging. Second, 
the energy s torage per unit volume in f e r ro -
e l ec t r i c s is higher by about two magnitudes 
than in the ferromagnet ic ma te r i a l s current ly 
in u se . These facts may make possible ex­
t r emely compact s torage . 

3.45 Magnetic Stepping Regis te r s 

One of the inputs to WWI may be infor -
mation pulses which a r r i v e ser ia l ly at re la ­
tively low r a t e s . The information is to be 
s tored and then delivered to the computer, 
a t i ts request , in paral le l groups of sixteen 
pu l ses . The s e r i e s - t o - p a r a l l e l conversion 
plus the requ i rements for buffer storage led 
to a considerat ion of the magne t ic -core s tep­
ping regis te r for the job. A study of the 
commerc ia l ly available stepping reg i s te r s 
was made to determine their reliabili ty and 
maximum operating speeds . The reliability 
was found to be poor and the operating speeds 
l imited by the Deltamax core ma te r i a l . In 
the light of recent developments in magnetic 
f e r r i t e s , a four -core stepping reg is te r was 
made us ingfe r r i t e cores and D-359 germani ­
um diodes in the i n t e r - co re coupling c i rcu i t s . 
This first model operated at 109,uOO infor­
mation t r ans fe r s per second, about three 
t imes the maximum operating speed of the 
commerc ia l uni ts . No at tempt has been made 

to optimize the c i rcui t p a r a m e t e r s so as to 
go to higher speeds. 

3.5 DEFLECTION AMPLIFIER FOR 
16-INCH DISPLAY SCOPES 

In an a r t ic le on the new 16-inch display 
scopes in Summary Report 26 (Sec. 5.5), it 
was stated that special di rect-coupled ampl i ­
fiers had been developed for the tubes. The 
available tubes , which were designed for r a d a r 
or television, a r e magnetical ly deflected. In 
both r ada r and television applications the 
display is continuous and repeat ing, a s far a s 
the deflecting coils a r e concerned. This 
simplifies the problem of attaining large d e ­
flecting c u r r e n t s , since t r ans fo rmers may­
be used. Fo r the Whirlwind display, the 
position of the beam is ent i rely random, so 
thata d i rec t -coupledampl i f ie r is neces sa ry . 

The deflection yoke, which was made by 
Air F o r c e Cambridge Resea rch Labora tory , 
contains as many turns of as fine wire as it 
conveniently can. Even with this relat ively 
large number of tu rns , so much cur rent was 
required that it was n e c e s s a r y to use type 
715 tubes for the push-pull output s tage. A 
715 is ra ted at 60 watts plate dissipation, and 
can just handle the load. 

Where such large cu r ren t s a r e involved, 
it is necessa ry to use feedback to get adequate 
l ineari ty, as shown in Fig. 3-7. A voltage 
is developed a c r o s s a r e s i s t o r in the cathode 
of each output tube proport ional to the cu r ren t 
drawn by the tube through its deflection coil . 
However, the net deflecting field in the o sc i l ­
lograph tube is proportional to the difference 
of these c u r r e n t s . In order to obtain a signal 
proport ional to the difference of the tube c u r ­
rents , one cathode voltage is fed to a phase 
i nve r t e r , and the result ing inverted signal 
added to the other cathode voltage, giving a 
single voltage that is proportional to the dif­
ference in deflection c u r r e n t s . This is the 
feedback signal which is subtracted from the 
input to get an e r r o r signal. The e r r o r signal 
is fed to a phase inver te r , amplified, and 
fed to the output tubes, completing the loop. 

One advantage of this procedure is that 
the individual output tubes may operate at low 
cur ren ts when the beam is not deflected; when 
the beam deflection is l a rge , one tube will 
conduct heavily and the other will be cut off. 
Thus the tube dissipation for an undeflecttd 
beam will be much less than that for full 
deflection, a favorable condition for the out­
put tubes. A second advantage is that the 
quantity being stabilized by feedback is the 
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quantity that deflects the beam, which is the 
difference in the cu r r en t s of the output tubes . 

The amplif ier is capable of deflecting the 
beam from one edge of the tube to the other 
within 20 mic roseconds . The osci l lograph 

tube has 12 kilovolts acce le ra t ing voltage, 
and only 5 microseconds intensification t ime 
is requi red to burn a spot on the P - 7 s c r e e n 
that will las t for 15 seconds. 

ERROR 

FINAL 
AMPLIFIER 

INPUT 

•<£> 
SIGNAL 

; • 
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DEFLECTION 
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Fig. 3-7. Deflection Amplifier for 
display scope 

16-inch 
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4. ELECTROSTATIC STORAGE 

4. 1 TUBE PROGRAM 

Margins of re l iable computer operation 
for s torage tubes were increased substantially 
during this per iod by the elimination of r - f 
pickup on the deflection p la tes . A slight 
modification of the gun construct ion helped in 
reducing this pickup and has improved the 
high-voltage performance of the guns. 

F u r t h e r t e s t s on the n e w 4 0 0 - s e r i e s p r o ­
totype tubes have shown that they operate 
sat isfactori ly in tes t setups at 1024 spots and 
that the non-uniform ion cu r ren t , which was 
responsible for the formation of dark spots 
in the 300-se r i e s tubes , can be effectively 
suppressed . Exper ience with the 32 x 32 
tubes operat ing in the computer will soon be 
gained, as the second bank of s torage now 
being instal led uses tubes of this type. 

4. 11 Tube Exper ience in WWI 

After six months of operat ion in the c o m ­
puter with excellent rel iabi l i ty , severa l of the 
300-se r i e s tubes began giving ser ious trouble 
during the ear ly par t of this q u a r t e r . These 
tubes failed to read out a positive a r r a y even 
when a te levis ion- type scan showed a normal 
a r r a y of spots . The type of fai lure was dif­
ferent from that exhibited by the 100-se r ies 
tubes (see Summary Repor t 25) in that e r r o r s 
occur red at a completely random ra te and at 
widely separa ted points . During the subse ­
quent investigation to de termine the cause of 
this t rouble, seve ra l conditions were uncov­
ered which, in the aggrega te , would cer tainly 
have caused marg ina l operat ion. In addition, 
a basic fault in the tube design was found 
which has now been co r r ec t ed . 

The f i r s t group of conditions compr i sed : 
a reduced r - f phase - r e fe rence amplitude 
caused by weak tubes and a bad component in 
the r-f pulser ; a severe unbalance between 
the two halves of the deflection output ampl i ­
f iers because of de te r io ra ted tubes; the p r e s ­
ence of a smal l amount of 60-cycle ripple on 
the deflection l ines introduced by hea t e r -
cathode leakage in the cu r r en t - sw i t ch diodes 
of the deflection decoder; and a smal l pickup 
on the deflection l ines of the sweep voltages 
used for a te levis ion- type read-out of the 
s torage- tube sur faces caused by a common 
power-supply decoupling impedance. Most 
of these t roubles indicate the needfor a more 
r igorous maintenance schedule. To remedy 
the las t one, the TV sweep genera tor is now 

made inoperative during normal computer 
operation. 

The other fault discovered was the p r e s ­
ence of as much as 5 volts of 10 megacycles 
on the deflection l ines during the t ime of the 
r-f readout pulse . Whenever this r - f pickup 
on both plates of a coordinate pair is not equal 
in both amplitude and phase , the beam is 
shifted away from its normal position. (The 
normal position is de termined by the output 
of the deflection amplif ier ; consequently it is 
the position of a spot wri t ten on the surface 
when the r - f pulse is not p resen t . ) Among 
the possible causes of an unbalance, the most 
prominent is the difference in capaci tance to 
the control gr id (the source of r -f pickup) of 
the two deflection plates n e a r e s t the t a rge t in 
a s torage tube. The lead from one of these 
plates gets to the base along the outside of the 
gun s t ruc tu re . The lead from the other plate 
i s brought to the base through a c e r a m i c 
s t em, around which the con t ro l -g r id cyl inder 
is clamped for a distance of approximately 
1/4 inch. Although the capaci tance introduced 
by the la t ter lead construct ion is only a few 
mic romic ro fa rads and the deflection line to 
the tubes is t e rmina ted in i ts c h a r a c t e r i s t i c 
impedance of only 178 ohms, the r-f unbalance 
with many tubes connected to the deflection 
t r ansmiss ion line was grea t enough to cause 
ser ious t rouble . A tes t in which the beam 
was shifted while it was reading an a r r a y of 
positive spots provided evidence of this un­
balance. It was observed that the reading 
beam could be shifted about three t imes fa r ­
ther in one direct ion than in the other , since 
a readout signal is produced only on the pos i ­
tive swing of the 10-mc r-f voltage at the 
control grid. A s imi la r tes t had been c a r r i e d 
out when s torage tubes were f i r s t put into 
the computer , but unfortunately only a few 
tubes were then instal led and connected to 
the deflection t r ansmi s s ion l ine . 

Two steps have been taken to el iminate 
the r - f pickup on the deflection p la tes . F i r s t , 
the gun construct ion has been changed so as 
to bring all deflection-plate leads to the base 
along the outside of the gun s t r uc tu r e . Sec­
ond, s e r i e s LC c i r cu i t s , tuned to 10 m c , 
have been instal led from each deflection plate 
to ground. These c i rcu i t s give an at tenuation 
of about 50 to 1 of any res idual r -f voltage 
on the deflection p la tes . Tes t s using a 32x32 
a r r a y of spots (which a r e sma l l e r than the 
spots used for a 16 x 16 a r r ay ) indicate that 
these solutions a r e sa t i s fac tory , because the 
r - f voltage on each plate i s low enough for 
p rope r operat ion and it is kept from feeding 
out onto the t r ansmis s ion l ine. The cons t ruc ­
tion change has also improved the high-voltage 
c h a r a c t e r i s t i c s of the guns, since in the 
tubes lost because of an a r c - o v e r in the high-
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velocity guns this arc ing generally took place 
between the control-gr id cylinder and the 
deflection-plate lead running through the c e ­
ramic s tem. Start ing with ST366-1, all s t o r ­
age and r e sea r ch tubes have been made with 
the new gun construction. 

At the end of this quar te r , the average 
age of fifteen 300-se r ies tubes in the computer 
(the sixteenth being a r e sea rch tube on com­
puter test) is 1300 hours, ranging between 5 
and 2400 hours . Seven tubes have been in 
service longer than 1700 hours The most 
frequent cause for replacement has been s e ­
vere dark-spot formation due to ion bombard­
ment. 

As mentioned in Summary Report 26, one 
of the 400- se r i e s prototype tubes, RT210-3, 
was placed in the computer . Using a higher 
overal l accelerat ion voltage from separate 
power supplies, and with a reduced throw 
compared to the 300-ser ies , this r e s e a r c h 
tube operated at a density of approximately 
25 x 25 when the r e s t of the tubes had a n o r - , 
mal 16x 16 a r r a y . The tube gave satisfactory 
operat ion for roughly 1000 hours . Then a 
dark spot made it impossible to satisfy both 
positive and negative writing requirements 
with adequate safety margins . This tube had 
an auxil iary collector which was set 250 volts 
positive with r e spec t to the holding-gun cath­
ode. Fo r a further discussion of RT210-3 
and the formation of dark-spot a reas having 
low secondary emission, see Section 4. 21. 

4. 12 Tube Production 

• m i 
OF | 

NUMBER Of T u « S I CAUSE W f»lUl»E 

The total tube production for this quar te r 
was 34 new and 3 reprocessed tubes. They 
included additional 300-ser ies replacements 
for the computer; r e sea rch tubes for studies 
of higher density, surfaces, and guns; and 
400-se r i e s prototype tubes for 32 x 32 tes ts 
and subsequent installation in the computer. 
Of the fourteen 300-ser ies tubes made, two 
were rejected for the reasons l is ted on F ig . 
4 - 1 . Two others were classed as marginal 
because of weak high-velocity guns. With 
the construction of these tubes it was felt that 
adequate 300-ser ies spares were available, 
and since August 24, 1951, no more tubes of 
this s e r i e s have been made. 

Nine 400-se r i e s prototype tubes were 
completed of which seven are satisfactory for 
use in the computer . One tube was lost be ­
cause of poor emission of the high-velocity 
gun. The second, RT232, exhibited severe 
leakage over the entire surface. Testing and 
observation of the surface after the tube was 
dissected indicated that a part icularly thin 
coating of beryllium had migrated during p r o -
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Fig. 4 - 1 . Storage Tube Production 
Record 

cessing. Pa r t i c l e s of beryll ium completely 
covered the mica moat a rea and shorted to­
gether all of the individual squares . A value 
of only 10 ohms res is tance was observed 
between the two sides of the s torage surface. 

Five other r e sea rch tubes were needed 
in the course of development work for the 
400-se r ies tubes. One of these tubes has 
collector meshes of four different s i zes . 
Another has two different meshes for both 
collector and auxiliary collector , with the 
dividing d iameters c rossed at 90° to one an­
other . Two tubes were used to test new de­
signs of a target assembly to hold the auxi l iary 
collector. The fifth was made without the 
square mica spacer so that res tor ing cur ren t s 
could be measured as a function of auxi l iary-
collector voltage. 

Research tube RT214 was made with a 
Philips type " L " cathode, which is descr ibed 
further in Section 4 .22 . RT226-1 was a s ­
sembled in a standard 5-inch cathode-ray 
tube envelope for testing the technique of 
supporting the gun s t ruc ture from a 10-pin 
stem without a deflection plate lead running 
through the ce ramic tube on which the gun 
elements a re mounted. It was used for r-f 
feedthrough tes ts and is now available as a 
deflection monitor . 

The four other researchtuben were used 
for studies concerning the lower stability 
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point. One had a plain Vycor surface, and 
another used a glass surface s in tered direct ly 
onto a meta l backing p la te . The third was a 
s tandard 300-se r ies tube without the col lector 
sc reen , while the fourthhad 1 3 Faraday cages 
in place of the no rma l s torage assembly . 
The front surface of the a p e r t u r e plate for 
these cages was coated with beryl l ium oxide. 

4 . 2 STORAGE-TUBE DEVELOPMENT 

4.21 Tes t s on 400-Series Prototype 
Tubes 

Before r e s e a r c h tube RT210-3 was in ­
stalled in the computer to operate at a higher 
density, t e s t s had indicated that an auxi l iary 
col lector sc reen gave a definite improvement 
in controlling spot in teract ion. This i n t e r ac ­
tion is mos t severe when negative writing is 
ca r r i ed out adjacent to positive spots. This 
condition is ideal for the low-velocity second­
a r y e lec t rons to go to the neighboring spots 
instead of falling back onto the spot under 
bombardment to charge it in a negative d i r e c ­
tion. Since the reduction in this type of in ­
teract ion was observed when the auxil iary 
collector was ra i sed 50 volts o r more above 
the col lector voltage, it was felt that the 
effect of the auxil iary collector was to in­
c r ea se the angle at which secondary electrons 
left the bombarded spot and to prevent the 
re turn to the surface of any secondar ies which 
penetrated the col lector sc reen . This indi­
cated that the potential of the auxi l iary co l ­
lec tor should be set as high as poss ible . 

With more than 350 volts between this 
electrode and the holding-gun cathode, how­
ever , the field'between the auxi l iary collector 
and the retaining sc rews for the collector 
sc reen caused such a severe distort ion of 
the holding beam that it no longer covered 
the storage surface in the vicinity of these 
s c r e w s . Accordingly, the auxi l iary col lector 
was set to 250 vol ts . Being m o r e positive 
than all o ther e lec t rodes except the holding-
gun anodes, the auxi l iary col lector would set 
up a b a r r i e r for posi t ive ions so that d a r k -
spotformat ion would be substantially reduced. 

This solution was not sat isfactory, how­
ever , for after only several hundred hours of 
u s e , a dark spot s ta r ted to form on RT210-3 
and progressed steadily until the tube had to 
be rejected. With this knowledge, a s e r i e s 
of tests was undertaken on other 400- se r i e s 
tubes using a procedure (described in Section 
4. 13 of Summary Repor t 26) in which the ion 
cur rent is allowed to charge a negative s u r ­
face above f i r s t - c ros sove r voltage. This 
charging takes place during the application 

of a negative gate to the signal plate . The 
length of the gate is var iable between roughly 
0.01 and 30 seconds. As shown in Summary 
Report 26, the ion-cur ren t density is g rea tes t 
near the center of the tube, so that the size 
of the posit ive spot produced during the test 
is directly re la ted to the length of gate used. 
Neglecting e lect ron emiss ion caused by the 
impinging positive ions, one may calculate 
the ion -cu r ren t density at the radius of the 
positive spot produced in a given time when 
the surface capacitance and f i r s t - c r o s s o v e r 
voltage a re known. 

The data shown in F ig . 4-2 were obtained 
by this p rocedure . Here the posi t ive ion-
cur ren t density is plotted as a function of the 
radius from the peak density, which normal ly 
l ies near the center of the tube. F igure 4-2 
shows the cumulative effectupon the ion c u r ­
rent of changing the m o r e important p a r a m ­
e t e r s . The top curve r ep resen t s 300- se r i e s 
operating conditions, the bottom curve 400-
s e r i e s operat ing conditions. F o r the four 
cu rves in between, the var iab les other than 
those marked a r e set to the last value indi­
cated above the par t i cu la r curve. Thus , for 
the curve marked VXl " V ' A 2 • 350volts , 
V'ij(the holding-gun bias) is -10 vol ts , ^A3 
is 110 volts, and both collector and auxi l iary 
collector a r e at 100 volts (VJ_JQ and V/^c r e ­
spectively). 

The logari thmic scale for the ion -cu r r en t 
density should be noted, a s well as the marked 
change between V^C " 250 and V^C • 4 0 0 

vol ts . It was found that most of this change 
took place between V ^ Q = 320 and 375 volts , 
indicating that many ions were being crea ted 
back in the holding-gun s t ruc ture at a space 
potential very near that of the holding-gun 
anodes . These curves indicate that the dark-
spot formation would be eliminated if the 
auxi l iary col lector were operated m o r e pos i ­
tive than the holding-gun anodes. However, 
a reduction of the anode potentials lowers the 
holding-beam cur ren t available for s tabi l iza­
tion while ra is ing the auxi l iary col lector leads 
to se r ious distort ion in the holding-beam 
coverage. This situation was remedied by 
designing the target assembly so that the 
retaining sc rews for the two collector screens 
were in back of the surface and would not 
ser iously affect the low-velocity e lect rons 
compris ing the holding beam. In addition, 
the holding-gun anodes were reduced from 500 
to 350 vol ts . Tes t s have shown that the r e ­
storing cu r ren t s on 400-se r ies tubes a re 
reduced by a factor of two from that in 300-
se r i e s tubes, but this loss is outweighed by 
the vir tual elimination of posit ive-ion bom­
bardment. The f irst tube with the reversed 
screws on the target assembly has now been 
operated at 1024 storage spots for more than 
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Fig . 4 -2 . Pos i t ive ion-cur ren t density distr ibutions 

1300 hours without the sl ightest t r ace of dark 
spot . An additional power supply has been 
added in the computer to provide 400 volts 
for the auxiliary co l lec tors , and 4 0 0 - s e r i e s 
tubes a re being installed in the second bank 
under the new operating conditions. 

The effect of mesh s izes of the collector 
and auxi l ia ry-col lec tor s c reens upon the op­
era t ion of s torage tubes was investigated dur­
ing this q u a r t e r . While the action of these 
s c r e e n s is not easily t r ea ted analytically, 
one feels intuitively that a relat ively coarse 
m e s h would allow more cu r ren t f rom both 
beams to s t r ike the sur face , but would be 
l e s s efficient in controlling redis t r ibut ion of 
secondary e lec t rons than a finer m e s h . Fo r 
a complete explanation of s torage stabil i ty, 
the sc reen spacings, the m o s a i c - s q u a r e s ize , 
and the spot - to-spot separat ion should be 
taken into account, but values for these v a r i ­
ables have been ra ther well fixed from other 
cons idera t ions . With the operat ion a t higher 
density required of 400 - se r i e s tubes, it s eem­
ed worth while to study the effect of the sc reen 
m e s h sizes exper imenta l ly . 

Two r e s e a r c h tubes were made having 

the geometry of 400-se r i e s tubes but with 
varying col lector and auxi l iary - collector 
m e s h e s . Subsequent spot- interact ion tests 
indicated a definite advantage for a 70-mesh 
collector ra ther than the 100-rrresh previously 
used. A slight improvement was also obtained 
with a 70-mesh auxil iary col lector instead of 
the 40-mesh which was f i rs t selected. The 
70-mesh screen is now being used for the 
collector on all 400-se r i e s tubes, but 40-
mesh auxil iary col lectors a r e still being used 
until procurement difficulties a r e alleviated. 

4 .22 Resea rch 

Another r e sea r ch tube with a Philips " L " 
cathode was made during this period. The 
cathode was successfully activated, but dur­
ing aging a grid-cathode short developed which 
precluded additional tests and life runs . In 
the next quar te r the gr id-cathode spacing will 
be increased and the g r idape r tu re increased 
a s n e c e s s a r y to obtain ausab l e cutoff cha rac ­
t e r i s t i c . 

Resea rch work for a m a s t e r ' s thesis is 
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being devoted to an investigation of the c u r ­
ren t -dens i ty distr ibution in the fringe r e ­
gion of the high-velocity beam. Fur ther data 
gives evidence that this distr ibution is not as 
dependent upon beam throw as was at f irst 
suspected. Two factors which have not yet 
been explored a r e the emit t ing a r e a of the 
cathode and the velocity distr ibution with 
which e lect rons leave the cathode. For study­
ing these a spec t s , a Phil ips " L " cathode will 
be placed in a s torage tube as soon as feas i ­
ble , and a r e s e a r c h tube with a shield over 
par t of the cathode a rea is under cons idera­
tion. 

Studies to develop a conductive coating 
of tin oxide have been actively resumed, and 
r e s e a r c h tubes utilizing this coating in place 
of aquadag maybe made during the nex tquar -
t e r . A res i s tance of approximately 100 ohms 
has been observed ac ro s s the films which 
have been produced. The p rob lems remaining 
a r e the coating of the large envelope sections 
used in making a s torage tube, the change in 
technique in working the g lass because of heat 
conduction through the tin oxide layer , and 
the maintenance of conduction between the 
two envelope sect ions after the body seal be ­
tween them has been made. 

The f i rs t tube with a s in t e r ed -g l a s s s u r ­
face has been p rocessed and tested. The 
resu l t s were not encouraging, and further 
work has been suspended. The technique 
developed was sat isfactory, but the second -
a r y - e m i s s i o n p roper t i e s of the glass make 
it unat t ract ive as a s to rage- tube d ie lec t r ic . 
Also, the dielectr ic constant is not apprec ia ­
bly different from that of m i c a , so that there 
is nothing to be gained in the way of reduced 
wr i t ing-charge r equ i r emen t s . 

The shortcomings of the s in te red-g lass 
surface have pointed up the need for explora­

tory tests on another mode of s torage- tube 
operation, that of using only one mosaic 
square per storage spot. This procedure 
offers the greates t p romise of reducing the 
writing t imes from the present values of 32 
microseconds to something less than 10 m i ­
croseconds , but the accompanying difficulties 
in deflecting to the single squares a re con­
s iderable . To understand how the reduction 
in access time can be achieved, one must 
consider the capacitive coupling between in­
dividual mosa ic squa re s . For the surface to 
have sat isfactory dynamic stability in the 
presence of a large unbalance between pos i ­
tive and negative res tor ing c u r r e n t s , the 
capacitance from a mosaic square to the s ig ­
nal plate mus t be roughly twice that to the 
lour neighboring squa re s . Since the size of 
the mosaic squares must be set on the basis 
of the total number of spots and the number 
of squares required pe r spot, an upper l imit 
i s placed on the thickness of the mica ta rge t . 
For 400-series tubes this limit is in the o rde r 
of 0.005 inch, and the peak cur ren t -dens i ty 
available from the high-velocity gun in con­
junction with the requi red voltage swing of 
100 volts and the capacitance of the 0 .005-
inch mica indicates that 32-microsecond 
writing gates should be used to insure ade­
quate operating marg ins . 

Now if only one square is allowed for 
each storage spot, the mica thickness for the 
same stability could be increased to possibly 
0.025 inch or 0.030 inch, and a corresponding 
reduction in length of the writing gate would 
be possible because of the lower capaci tance. 
The problem associated with deflection t r ack­
ing onto single mosaic squares and the im­
provement in operation which might be r e a l ­
ized a re being evaluated as a m a s t e r ' s thesis 
topic. 
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5. INPUT-OUTPUT 

5. 1 MAGNETIC TAPE 

A temporary setup including one magnet­
ic - tape mechanism has been installed in the 
computer according to the plans discussed in 
Summary Report 26. The system has not 
been fully tested yet, but all problems en­
countered so far have been solved. 

The attack on the problem of eliminating 
e r r o r s due to blemishes and dust on the tape 
has changed in the past qua r t e r . The use of 
an a i r b las t to blow dust off the tape (together 
with the use of radioactive mater ia l to d i s ­
charge s tat ic electr ici ty and loosen the dust) 
has been abandoned because the a i r blast 
would not remove the dust. The best method 
found for removing dust is to wipe the tape. 
At present Kleenex paper t i ssues a re being 
used for this purpose. However, the wiping 
does not completely eliminate all dust prob­
l e m s , and for this reason it was felt that 
marking the bad spots on the tape would not 
give a permanently valid indication of the 
condition of the tape. 

It has been found that the tape blemishes 
cause e r r o r s in the form of miss ing pulses . 
There is some background noise on the tape 
that could cause extra pulses , but this noise 
i s of a relat ively small amplitude and does 
not appear on the output of the reading ampli ­
f i e r s . It has also been noticed that the blem­
ishes , on the tapes we have used, nevercause 
pulses to be dropped out of more than two 
adjacent channels in any one line of recording. 

In o rde r to permi t the use of blemished 
tape in the present system, the six channels 
of the tape unit have been connected into three 
pa i r s , with one channel of a pair being sepa­
rated from the other channel by two interpos­
ing channels. The two channels of each pair 
a r e operated in paral le l , and in this manner 
if a pulse is lost on one channel due to a 
blemish it will be picked up on the other. 
This scheme reduces the effective number of 
channels to three, but it pe rmi t s the use of 

the whole tape, and does not require any extra 
equipment. 

Work is a l so being done on other a spec t s 
of the tape problem. A hard- tube c i rcui t for 
controlling the clutch has been developed to 
replace the gas - fube c i rcu i t s in the tape mech­
anism and permit operat ion from the WWI 
input-output switch. Developmental work is 
also progress ing on the design ofbet ter r ead­
ing amplif iers and on equipment that will 
permit the t ransfer of information from mag­
netic tape to a typewri ter independent of the 
computer . 

5.2 MAGNETIC DRUM 

An order has been placed with Engineer ­
ing Research Associa tes of St. Paul , Minne­
sota, for two magnetic-drum storage s y s t e m s . 
These sys tems will extend the usefulness of 
the Whirlwind computer by enlarging its t e r ­
minal faci l i t ies . A brief descr ipt ion of the 
intended use of these d rums (one forauxi l ia ry 
storage within the computer and one for t em­
porary s torage of randomly a r r iv ing input 
data) is given in Summary Report 26. 

In the past qua r t e r s tudies were s t a r t ed 
on methods for integrating these d rums into 
the Whirlwind sys tem. The controls for this 
additional s torage could be designed in s e v e r ­
al ways. The principal goals a r e : (1) Mini­
mum cost of equipment to be const ructed , 
(2) efficient use of computer time in t r a n s ­
ferring information between the d r u m s and 
the computer , (3) a set of control o rde r s 
which a r e simple to use from the p r o g r a m ­
m e r ' s viewpoint, and (4) maximum flexibility 
in modes in which the d rums maybe operated. 
Since some of these goals a r e in conflict, the 
choice of the "best design" must be a compro ­
mise . Block d iagrams of several proposed 
controls a r e being worked out in sufficient 
detail to evaluate their relat ive m e r i t s . Dur­
ing this planning period close l ia ison is being 
maintained with Engineering Resea rch Asso ­
ciates to ensure that any control designs 
chosen will be compatible with the drum sys ­
tems under contruction. 
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6. MATHEMATICS, CODING, 
AND APPLICATIONS 

6. 1 PREPARATION OF COMPUTER 
PROGRAMS 

As stated in Summary Reports 25 and 26, 
a p r i m a r y objective of the Applications Group 
- - the group working on scientific and engi­
neer ing applications of the Whirlwind compu­
te r - - has been the development of s imple 
means for prepar ing and performing computer 
p r o g r a m s . The need for efficient methods 
is par t icu lar ly evident in small p rob lems , in 
which excessive time spent in coding or p r e ­
paring tape, as wel las inusing the computer , 
can r e su l t in relat ively enormous i n c r e a s e s 
in the cost of performing the computat ions. 
The des i r ed end - - to per form small compu­
tations quite inexpensively - - is especial ly 
impor tant a t the Digital Computer Laboratory, 
where one avowed purpose is to show the 
feasibil i ty of using l a rge , fast, g e n e r a l - p u r ­
pose computer? to solve many re la t ively 
s m a l l - s c a l e scientific and engineering p r o b ­
l ems each requir ing perhaps only a few min ­
utes of machine t ime. F u r t h e r m o r e , it is 
not the intention of the Labora tory to provide 
the n e c e s s a r y staff for p rogramming all of 
the p rob lems which a r e to be solved on the 
Whirlwind computer , but ra ther to provide 
only a staff capable of ass i s t ing the o r ig ina ­
to rs of problems in prepar ing p r o g r a m s of 
their own for performance on the machine . 
Hence the system evolved must not only be 
economical and efficient but mus t a lso be 
easy to teach and to l ea rn . 

The prepara t ion and execution of coded 
p r o g r a m s involves severa l s t eps , each of 
them susceptible of a cer ta in amount of s i m ­
plification. 

One way of enumerating the severa l s teps 
is as follows: 

1. Formulat ing the problem in m a t h e ­
mat ica l t e r m s . 

2. Devising a suitable s t ep -by- s t ep nu­
m e r i c a l procedure for solving the p rob lem. 

3. Scaling numbers so that enough s ig ­
nificant digits a r e ca r r i ed . 

4 . Coding the procedure into a coded 
p r o g r a m . 

5. P r epa r ing the p r o g r a m and data for 
the computer : 

a. By converting the operation code 
symbols, a d d r e s s e s , and number s 
to their proper binary form. 

b. By putting the information on 
punched tape or other input m e ­
dium. 

6. Operat ing the computer . 
7. Obtaining data to pe rmi t location of 

mis takes if they occur . 
8. Locating m i s t a k e s in coding. 
9 . C h e c k i n g r e s u l t s . 

S t e p s 1, 2 , 3 , 4 , 7, 8 , a n d 9 c o n s t i t u t e t h e 
p r o g r a m m i n g of the p r o b l e m , of w h i c h i t e m s 
4 , 7, a n d 8 a n d to s o m e e x t e n t 3 a n d 9 m a k e 
u p the s p e c i a l i z e d p h a s e c a l l e d c o d i n g . S t e p s 
5 and 6 a r e r o u t i n e m a n u a l p r o c e d u r e s . 

6 . 11 P r e l i m i n a r y S t e p s 

S t e p s 1 a n d 2 c a n b e f a c i l i t a t e d only by 
m a k i n g a v a i l a b l e the e x p e r i e n c e a n d r e s u l t s 
of p r e v i o u s w o r k of o t h e r s , e i t h e r in the f o r m 
of t e x t s o r of a d v i c e f r o m one of a staff of 
p r o g r a m m e r s e x p e r i e n c e d in a w i d e v a r i e t y 
of p r o b l e m s . 

M o s t of t h e t e d i u m a n d m i s t a k e s l i k e l y 
t o b e e n c o u n t e r e d a t s t e p 3 c a n b e r e m o v e d 
by s o m e h o w m a k i n g t h e c o m p u t e r a u t o m a t i ­
c a l l y p r e v e n t t h e l o s s of p r e c i s i o n c a u s e d 
by n u m b e r s g r o w i n g t o o l a r g e o r t oo s m a l l 
in s h o r t , f i x e d - p o i n t s t o r a g e r e g i s t e r s . I n ­
t e r p r e t i v e s u b r o u t i n e s f o r the p e r f o r m a n c e 
of e x t r a - p r e c i s i o n a n d f l o a t i n g - p o i n t a r i t h ­
m e t i c a r e b e i n g d e v e l o p e d t o a c c o m p l i s h t h i s 
p u r p o s e , a s b r i e f l y d e s c r i b e d in S u m m a r y 
R e p o r t s 20 a n d 2 6 . 

6 . 1 2 S t a n d a r d P r o c e d u r e s 

S i m p l i f y i n g t h e p r o c e d u r e of c o d i n g a 
p r o b l e m fo r t h e W h i r l w i n d c o m p u t e r ( s t e p 4 
i n the o v e r a l l p r o c e d u r e ) i s a c c o m p l i s h e d 
l a r g e l y t h r o u g h the d e v e l o p m e n t of e a s i l y 
u s a b l e s t a n d a r d s u b r o u t i n e s f o r t h e p e r f o r m ­
a n c e of v a r i o u s c o m m o n l y n e e d e d o p e r a t i o n s 
w h i c h a r e n o t b u i l t i n t o t h e c o n t r o l e l e m e n t 
of the c o m p u t e r . T h e s e o p e r a t i o n s i n c l u d e 
t h e e v a l u a t i o n of s i n e s , c o s i n e s , t a n g e n t s , 
e x p o n e n t i a l s , l o g a r i t h m s , s q u a r e r o o t s , e t c . , 
a n d t h e p e r f o r m a n c e of t h e r o u t i n e o p e r a t i o n a l 
p r o c e d u r e s of p r i n t i n g n u m b e r s , p h o t o g r a p h ­
i n g c u r v e s o r n u m b e r s t h a t a r e p l o t t e d on a n 
o s c i l l o s c o p e , r e a d i n g d a t a t a p e s , i n t e r p o l a t i n g 
i n t a b l e s of v a l u e s of a r b i t r a r y f u n c t i o n s , 
m a t r i x m a n i p u l a t i o n s , c o m p l e x n u m b e r c a l ­
c u l a t i o n s , a n d t h e l i k e . 

T h e s e c o n d h a l f of s t e p 5 i s s i m p l i f i e d , 
a n d m a d e m o r e e f f i c i e n t , by a s s i g n i n g t h e 
p r e p a r a t i o n of p u n c h e d t a p e to one o r two 
s p e c i a l l y - t r a i n e d t y p i s t s . S i m i l a r l y , t r a i n e d 
t e c h n i c i a n s n o r m a l l y o p e r a t e the W h i r l w i n d 
c o m p u t e r ( s t e p 6) d u r i n g t h e s o l u t i o n of a l l 
g e n e r a l p r o b l e m s , a s d e s c r i b e d i n S u m m a r y 
R e p o r t 2 5 . A ful l d i s c u s s i o n of s t e p 5a , w h i c h 
i s to be p e r f o r m e d by the c o m p u t e r , i s d e f e r ­
r e d u n t i l S e c t i o n 6 . 16. 
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6. 13 L o c a t i o n of M i s t a k e s 

T h e p r o c e s s of g a t h e r i n g d a t a to a i d in 
the l o c a t i o n of m i s t a k e s ( s t e p 7) w a s o r i g i n a l l y 
p e r f o r m e d by s p e c i a l t a p e - p u n c h r e c o r d i n g 
f a c i l i t i e s b u i l t i n t o the c o m p u t e r . B u t , a s 
m e n t i o n e d in S u m m a r y R e p o r t 2 5 , m a g n e t i c -
t a p e s t o r a g e and e n l a r g e d e l e c t r o s t a t i c s t o r ­
a g e c a p a c i t y w i l l s o o n p e r m i t p r o g r a m m e d 
m e t h o d s t o be u s e d i n s t e a d . A m o n g t h e s p e ­
c i a l p r o g r a m m e d r o u t i n e s o r s u b r o u t i n e s a r e 
i n c l u d e d p r o g r a m s wh ich p r i n t the c o n t e n t s 
of s e l e c t e d s t o r a g e r e g i s t e r s a f t e r a p r o g r a m 
h a s s o m e h o w g o n e a m i s s . T h e s e p r i n t e d 
r e s u l t s g r e a t l y f a c i l i t a t e the w o r k of the p r o ­
g r a m m e r in d e t e c t i n g h i s m i s t a k e s . A s e c o n d 
f o r m of e r r o r - d i a g n o s i s p r o c e d u r e , b a s e d 
u p o n a m e t h o d s u g g e s t e d by W i l k e s a t C a m ­
b r i d g e U n i v e r s i t y , e m p l o y s a n i n t e r p r e t i v e 
s u b r o u t i n e to d i r e c t the p e r f o r m a n c e of the 
w h o l e p r o g r a m ( e v e n though t h a t p r o g r a m 
c o u l d be r u n d i r e c t l y in the m a c h i n e w i t h o u t 
a n y i n t e r p r e t a t i o n ) . T h i s p r o c e d u r e p e r m i t s 
t h e i n t e r r u p t i o n of the c o u r s e of the p r o g r a m 
a t a n y i n s t a n t , u n d e r the c o n t r o l of the c o m ­
p u t e r , to p r i n t c e r t a i n s p e c i f i e d i n f o r m a t i o n : 
f o r e x a m p l e , a l i s t of o p e r a t i o n s p e r f o r m e d 
d u r i n g t h e p r o g r a m , a l i s t of n u m e r i c a l r e ­
s u l t s t h a t h a v e b e e n o b t a i n e d i n t h e a c c u m u l a -
t o r , o r a l i s t of a d d r e s s e s to w h i c h c o n t r o l 
h a s b e e n t r a n s f e r r e d by t r a n s f e r - o f - c o n t r o l 
i n s t r u c t i o n s . 

6. 14 C a t a l o g u i n g of S u b r o u t i n e s ' 

One of the m o s t i m p o r t a n t q u e s t i o n s to be 
c o n s i d e r e d in o r g a n i z i n g a l i b r a r y of s u b r o u ­
t i n e s i s w h e t h e r the s u b r o u t i n e s a r e so c a t a ­
l o g u e d t h a t a p r o g r a m m e r c a n r e a d i l y s e l e c t 
the p a r t i c u l a r one w h i c h p e r f o r m s the t a s k 
he h a s in m i n d . A s in s e l e c t i n g a book , a 
p r o g r a m m e r s h o u l d be ab l e to s e l e c t f r o m a 
c a t a l o g u e the g r o u p of s u b r o u t i n e s w h i c h p e r ­
f o r m the g e n e r a l func t ion he h a s in m i n d , and 
t h e n f r o m a m o r e d e t a i l e d d e s c r i p t i o n of t h o s e 
s u b r o u t i n e s , the p a r t i c u l a r s u b r o u t i n e s w h i c h 
he w i s h e s . In o r d e r to r e d u c e the n u m b e r of 
s u b r o u t i n e s w h i c h m u s t be p r o v i d e d , i t i s 
n e c e s s a r y t h a t p a r a m e t e r s s u c h a s the n u m ­
b e r of d i g i t s to b e u s e d , the p r e c i s i o n of t h e 
c a l c u l a t i o n , o r the a d d r e s s of t h e r e g i s t e r to 
w h i c h the r e s u l t i s to be t r a n s f e r r e d s h o u l d 
be r e a d i l y v a r i a b l e by the i n d i v i d u a l u s e r s of 
e a c h g i v e n s u b r o u t i n e . Such p a r a m e t e r s , 
w h i c h a r e t o be s p e c i f i e d a t the t i m e the 
s u b r o u t i n e i s i n c o r p o r a t e d in to a p r o g r a m 
a n d no t o r d i n a r i l y c h a n g e d d u r i n g the c o u r s e 
of the p r o g r a m , a r e c a l l e d p r e s e t p a r a m -
e t e r s . 

6. 15 O r i e n t a t i o n of S u b r o u t i n e s 
in S t o r a g e ~~~ 

T h e p r o b l e m of i n c o r p o r a t i n g p r e s e t p a ­
r a m e t e r s in to e a c h s u b r o u t i n e a s i t i s u s e d 
i s i n a d d i t i o n to the p r o b l e m ( a l r e a d y d i s c u s ­
s e d in S u m m a r y R e p o r t 20) of o r i e n t i n g e a c h 
s u b r o u t i n e to i t s a s s i g n e d p o s i t i o n in s t o r a g e . 
T h e o r i e n t a t i o n p r o b l e m a r i s e s b e c a u s e e a c h 
s u b r o u t i n e m u s t be w r i t t e n a s if it w e r e s t o r e d 
b e g i n n i n g a t s o m e p a r t i c u l a r s t o r a g e l o c a t i o n , 
s a y z e r o , w h e r e a s in fac t it wi l l be u s e d 
s t a r t i n g a t s o m e a r b i t r a r y p o s i t i o n in s t o r ­
a g e . T h e r e f o r e the a d d r e s s s e c t i o n s of s o m e 
of the i n s t r u c t i o n s i nvo lved m u s t be c h a n g e d 
to o r i e n t t h e m r e l a t i v e to the n e w l o c a t i o n in 
s t o r a g e . 

D e t a i l e d p r o c e d u r e s h a v e ' r e c e n t l y b e e n 
w o r k e d out for h a n d l i n g the i n c o r p o r a t i o n of 
p r e s e t p a r a m e t e r s i n t o s u b r o u t i n e s and the 
o r i e n t a t i o n of the s u b r o u t i n e s to t h e i r a s s i g n ­
ed s t o r a g e l o c a t i o n d u r i n g the p r o c e s s of 
c o n v e r t i n g coded p r o g r a m s a n d d a t a in to t h e 
b i n a r y f o r m n e e d e d by the m a c h i n e . A s m e n -
t i o n e d in S u m m a r y R e p o r t 2 5 , t h e i n t r o d u c t i o n 
of i n f o r m a t i o n in to W h i r l w i n d I i s by m e a n s 
of F l e x o w r i t e r e q u i p m e n t w h i c h p r e p a r e s 
p u n c h e d p a p e r t ape s i m i l a r to T e l e t y p e . T h e 
t a s k of t h e c o d e r h a s b e e n s i m p l i f i e d in two 
w a y s : f i r s t , by a s s i g n i n g to t h e c o m p u t e r 
i t s e l f t he l a b o r i o u s j o b of c o n v e r t i n g f r o m 
c o d e d a l p h a b e t i c a l and d e c i m a l n u m e r i c a l 
f o r m to b i n a r y f o r m , and s e c o n d , by p r o ­
v i d i n g c l e r i c a l h e l p to p r e p a r e a l l t a p e s to b e 
u s e d in the c o m p u t e r . 

6 . 16 C o n v e r s i o n P r o g r a m 

With p r e s e n t l i m i t e d e l e c t r o s t a t i c s t o r ­
a g e and w i t h m a g n e t i c - t a p e s t o r a g e no t y e t 
a v a i l a b l e , i t a p p e a r s t h a t any p r o g r a m c a p a -
b le of c o n v e r t i n g two F l e x o w r i t e r - c o d e d a l ­
p h a b e t i c a l c h a r a c t e r s in to one f i v e - b i n a r y -
d i g i t n u m b e r to m a k e u p the o p e r a t i o n s e c t i o n 
of a W h i r l w i n d i n s t r u c t i o n n e c e s s a r i l y w i l l 
u t i l i z e a l a r g e p a r t of the s t o r a g e c a p a c i t y 
of t h e m a c h i n e and t h e r e b y p r e v e n t the s t o r i n g 
of t h e p r o g r a m w h i c h i s b e i n g c o n v e r t e d . 
C o n s e q u e n t l y , the p r o c e d u r e o u t l i n e s in S u m ­
m a r y R e p o r t 25 i s s t i l l be ing u s e d . A s e p a ­
r a t e c o m p u t e r o p e r a t i o n i s p e r f o r m e d : t h e 
p r o g r a m i s c o n v e r t e d to b i n a r y f o r m and t h e n 
p u n c h e d in a s p e c i a l i n t e r m e d i a t e ( 5 - 5 - 6 ) 
f o r m on p a p e r t ape w h i c h c a n l a t e r be r e a d 
in by the s h o r t i n p u t p r o g r a m p e r m a n e n t l y 
s t o r e d in t e s t s t o r a g e . It i s a n t i c i p a t e d t h a t 
u s e of e r a s a b l e a n d r e r e a d a b l e m a g n e t i c t a p e 
s o o n to be a v a i l a b l e w i l l p e r m i t d i r e c t r e a d -
i n , c o n v e r s i o n , a n d p e r f o r m a n c e of a g i v e n 
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24 6. MATHEMATICS, CODING, AND APPLICATIONS 

program using in termedia te s torage on mag­
netic tape without the t ime-consuming manual 
operat ions and mechanical punch actions in­
volved in the p resen t p r o c e s s . 

Since a conversion program cannot at 
present be short enough to fit unobtrusively 
into one corner of s torage , it may as well be 
as long and as e laborate as is des i rable . The 
following desiderata were established: 

1. Instructions will be written in the 
form most convenient for the p r o ­
g rammer using the standard two-
le t ter abbreviation for each Whir l ­
wind operat ion, and decimal (or 
octal, if des i red) address sections. 

2. Numerical data will be writ ten in 
decimal or octal form directly as 
integers or fractions without r e ­
course to the equivalent i n s t ruc ­
tion form. 

3. Convenient provisions for incor ­
porating p re se t p a r a m e t e r s and 
for orienting subroutines should 
be made. 

4. The typewritten copy produced by 
the typist should be a legible and 
comprehensible copy of the o r ig i -

• nal p rogram. 
The p roces s of selecting a desired subroutine 
from the l ib ra ry (as descr ibed in Summary 
Report 22) will, it is hoped, be put to use in 
some modified form as soon as sufficient 
magnet ic- tape s torage is available. At that 
t ime, a t leas t some of the most frequently 
needed l ib ra ry subroutines can be permanent ­
ly recorded on tape direct ly accessible to the 
computer . At p resen t , the p rocess of s e l ec t ­
ing the desired subroutines is performed by 
hand by the typist during the preparat ion of 
the original punched tape. 

The combinations of symbols which can 
be cor rec t ly in terpre ted by the present con­
version p rogram, which is to say the vocab­

ulary of the conversion p rog ram, a r e i l lus-
t ra ted in the specimen p rog ram in the center 
of page 25. For convenience, the descr ipt ions 
have been divided into three groups: The f i rs t 
deals with fundamental words , ei ther i n s t ruc ­
tions or numbers . The second deals with 
special symbols used for orienting subrou­
tines and incorporating p r e s e t p a r a m e t e r s . 
The third deals with the control combinations 
which instruct the conversion p rogram to 
in ter rupt the normal consecutive ass ignment 
of words to r eg i s t e r s in order to perform 
cer ta in functions needed at the s ta r t and end 
of the p rogram and when subroutines or gaps 
a r e inserted. 

The features intended p r imar i ly for use 
in connection with subroutines a r e of great 
flexibility and have many uses in connection 
with the writing of the main program itself. 
In par t icular , it is possible with the vocabu­
lary as given to perform the function of a s ­
sembling the main p rogram, groups of con­
s tants , sets of temporary s torage r e g i s t e r s , 
and all of the des i red subroutines without 
actually assigning addresses by hand to any 
of these blocks of the p rogram but the f i rs t . 
Communication between one block and anothe r 
without knowledge of the actual location to be 
assigned to the blocks in s torage is accom­
plished by using the special symbols intended 
for incorporating p rese t p a r a m e t e r s in lieu 
of definitely assigned s torage add res se s . 
Many of the facili t ies of the conversion p r o ­
g ram were suggested originally by the work 
of Wilkes, Wheeler, and o thers a tCambr idge 
University. The modifications of their p r o ­
cedures have consisted largely in the provi ­
sions for converting numbers as such, the 
introduction of a l i t t le g rea te r flexibility, and 
the attempt to choose cha rac te r s and forms 
which a r e mnemonically simple and typo­
graphically clean. 
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2b 6. MATHEMATICS, CODING, AND APPLICATIONS 

6. 2 WORK OF THE APPLICATIONS GROUP 

The following is a l ist of problems that have been or a r e being worked on at the Digital 
Computer Laboratory . The f irst section contains actual p rob lems , most ly of external origin; 
the second section l i s ts projects originated within the Laboratory largely intended to simplify 
the p r o c e s s of coding by the means descr ibed in Section 6. 1. 

6 .21 Prob lems 

Name 

Industr ia l P rob lems 

P rob . No. 

6 , 7 

Originator Started Completed 

Alan Manne, Harvard 2-1-51 
Economics School 

9-1-51 

Magnetic Flux Density Study 8 

Oil Rese rvo i r Depletion Study 9 

Roundoff-Error Studies 16 

DuMont UHF TV-Channel 19 
Allocation Prob lem 

Internal 7-7-50 

M . I . T . Projec t 10-1-50 

(DIC 6751) 

Internal 10-6-50 

T . T . Goldsmith, J r . , 4-26-51 
Allen B. DuMont Lab. , 
Inc. 

Intact Stability Study 
(SM Thesis - R-156) 

20 Internal 4-12-51 

Optical Constants of Thin 
Metal F i lms 

21 Prof. L. H a r r i s , 
M . I . T. Chemist ry 
Dept. 

5-24-51 

Computation of Autocorre la­
tion Coefficients 

27 Aaron F le i she r , 
M . I . T . Meteorology 
Dept. 

6-20-51 6-22-51 

Ambipolar Diffusion 28 Prof. W . P . All is , 
M . I . T . Physics Dept. 

6-25-51 

Digitally-Controlled Milling 
Machine P r o g r a m 

30 John Runyon, M. I . T. 7-17-51 
Servo Lab. 

Volkenstein Adsorption 
I so therm 

33 H.H. Rachford 
Humble Oil. Co. 

8-20-51 

6 .22 P r o c e d u r e s , Subroutines, and Training 

Name 

Float ing-Point and Ex t r a -P rec i s ion 
Interpret ive Subroutines 
(P rog rammed Ari thmet ic , PA) 

Problem No. Started 

2-1-51 

Completed 

I tera ted Solution for Potential 
Functions of Nuclei 

10-15-50 6-1-51 
(suspended) 
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Name 

Inter im Input and Output Conversion 

Point -by-Point Scope Plott ing of 
Alpha-Numerical Charac te r s 
(Output Camera , OC 1) 

Combination of Demonstrat ion 
P r o g r a m s 

Poin t -by-Poin t Scope Plotting of 
Calibrated Axes (Output Camera , 
OC 2) 

Photographs for Use on a P o s t e r 

Demonstrat ion P r o g r a m : Polynomials , 
Roots, and Axes on Scope 

Pr in t -Out of Contents of Storage 
(Pos t -Mor tem E r r o r Diagnosis, PM) 

Mat r i ce s , Determinants , and Systems 
of L inear Equations 

Directional Broadcas t Antenna Design 
(Demonstration) 

Subroutine Orientation P rocedures 

Study of Proposed Magnetic-Tape 
Systems for Use in Input and 
Output 

P rob lem No. Started Completed 

10 12-1-50 1-7-51 

11 3-30-51 

12 4-2-51 5-7-51 

13 3-23-51 

14 4-10-51 5-23-51 

15 10-6-50 5-1-51 

23 7-11-51 

24 5-28-51 

25 6-1-51 

26 6-15-51 

35 10-2-51 

Investigation of Methods of Approximating 
Functions 

36 9-20-51 
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7. A P P E N D I X 

7. 1 REPORTS AND PUBLICATIONS 

Pro jec t Whirlwind technical r e p o r t s and m e m o r a n d u m s a r e routinely distr ibuted to only a 
r e s t r i c t e d group who a r e known to have a p a r t i c u l a r in te res t in the Pro jec t . Other people who 
need information on specific phases of the work may obtain copies of individual r epo r t s by 
making reques t s to John C. P r o c t o r , Digital Computer Labora tory , 211 Massachuset t s Avenue, 
Cambridge 39» Massachuse t t s . 

The following repor t s and memorandums w e r e among those issued during the third qua r t e r 
of 1951. 

N o . 

SR-26 

R-198 

E-410 

E-411 

E-413 

E-419 

E-420 

E-421 

E-425 

E-426 

E-427 

M-1059 

M-1235 

C-107 

C-108 

C-109 

Title 

Summary Report Number 26, Second 
Quar t e r 1951 

A Study of the Holding Beam in the 
MIT Elec t ros ta t i c Storage Tube 
(M.S. Thesis) 

The Complementary Circui t Method 
for Determinat ion of Interface 
Resis tance 

Additional ES Tes t P r o g r a m 

Selection Sys tems for Magnetic Core 
Storage 

The Development of an R - F Readout 
System for E lec t ros ta t i c Storage 
Tubes . P t . II: The Initial WW1 
System 

Some Observat ions Upon a Method of 
Determinat ion of Oxide-Coated 
Cathode Operat ing Tempera tu r e s 

Trans i s to r Bibliography 

A Discussion of Soft Solders and 
Soldering 

An Investigation of Soldering P r o b l e m s 

Initial Standard Tes t s (P re te s t ) for 
WWI Storage Tubes 

Detailed Coding of the Initial P r o g r a m 

Operation of In-Out Control 

Applications Group Meeting - A Com­
par ison of WWI and EDSAC Input 
Conversion P r o g r a m s 

Applications Group Meeting - P r e s e t 
and P r o g r a m P a r a m e t e r s in 
Subroutines 

Applications Group Meeting - General 
Subroutines Usage 

No. of 
Pages 

32 

73 

13 

24 

Date Author 

9-10-51 J . O . Ely 

6 

12 

7-23-51 

7-24-51 

H. B. F r o s t 

G. Cooper 

8-7-51 

9-4-51 

R.R. Everet t 

W.J . Nolan 

6 

8 

14 

7 

3 

21 

26 

8-27-51 

8-28-51 

9-13-51 

9-14-51 

9-26-51 

5-11-50 

8-30-51 

H. B. 

N . T . 

M.C. 

M.C. 
c. w. 

C L 

C W. 

B . E . 

F r o s t 

Jones 

Manderson 

Manderson 
Watt 

Corderman 

Adams 

M o r r i s s 

7-20-51 

7-25-51 

7-26-51 

P . A. Fox 

P . A. Fox 

P . A. Fox 
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N o . Title 

C-110 

C - l l l 

C-112 

C-113 

C-115 

C-118 

Applications Group Meeting - Orientation 
of Subroutines, Con't . 

Applications Group Meeting - Proposed 
Subroutine Techniques 

Applications Group Meeting - Subroutine 
Notation 

Applications Group Meeting - Designation 
of Numbers in WWI: P r e s e t P a r a m e t e r s 

Applications Group Meeting - Subroutine 
L ibra ry , Reference L ib ra ry 

Applications Group Meeting - Proposed 
O r d e r s for WWI Code 

No. of 
Pages 

4 

3 

2 

3 

2 

3 

Date 

7-27-51 

7-31-51 

8-1-51 

8-2-51 

8-7-51 

8-17-51 

P . 

H. 

H. 

H. 

H . 

H 

Author 

A. Fox 

Saxenian 

Saxenian 

Saxenian 

Saxenian 

Saxenian 

7. 2 PROFESSIONAL SOCIETY PAPERS 

At the IRE Convention held in San F r a n ­
cisco August 22-25, William K. Linvill p r e ­
sented a paper entitled "Sampled Data Con­
trol Systems Studied Through Comparison of 
Sampling with Amplitude Modulation. " 

7.3 VISITORS 

During the past qua r t e r the Labora tory 
has had among i ts v is i tors the following: 

Dr . C. V. L. Smith and Mr . N. M. Blach-
man of the Office of Naval Research . 

M r . W.K. Halstead of RCA. 
M r . H. Wagener of the Evans Signal 

Laboratory, who discussed the problems a s ­
sociated with the measurement of interface 
res i s t ance in vacuum tubes . 

D r . R . I . Huls izer of the University of 
Il l inois. 

D r . H.H. Rachford of the Humble Oil 
Company. 

M r . D.J. Wheeler, Senior Mathematician 
of EDSAC at Cambridge, England, who d i s ­
cussed programming techniques. 

Captain J. S. Harper of the U. S. Navy. 
Mr . M. Holter and Mr . Dean H. Wilson 

of the University of Michigan. 
Mr . John Chisholm and Mr. P . C . Rapp 

of Bell Aircraf t Company, who a r e in teres ted 

in computers for control purposes . 
Mr. E.A. Eckhardt of Gulf Resea rch and 

Development Company. 
Dr. Charles F . Pulvar i of George Wash­

ington Universi ty, who discussed the poss i ­
bilities of f e r roe lec t r i c ma te r i a l s as s torage 
e lements . 

Mr. T . B . Lane, J r . , Mr. S.S. Snyder, 
Mr . Q.M. Cardwell , and Mr . H . C . Snyder, 
of the Department of Defense. 

Mr . A. V. Block and Mr . P . Prentky of 
Raytheon, who were in teres ted in checking 
techniques. 

Dr . G. W. Brown of Rand Corporat ion. 
D r . D . Shreve of the Ca r t e r Oil Company, 

who discussed the use of the computer to solve 
oil r e se rvo i r depletion p rob lems . 

Mr . H. T. Engs t rom and Mr . W. C. Nor-
r i s of Engineering Resea rch Assoc ia tes , Inc. 

Mr. S. F . Knights and Mr . L.C. Godden , 
of the Royal Canadian Navy. 

Mr. K.R. Tuttle and Mr . B. Wellman, 
Northrop Aircraf t Company. 

Mr. D.G. Wilson, Mr. G . F . P r e h m u s , 
and Mr . D. E . Lane , of General E l ec t r i c . 

Mr. J .B . Russel l andMr . R.J . Schwary, 
of Columbia Universi ty. 

Mr. N . P . Stevens of the Magnolia P e ­
troleum Company, who was in teres ted in 
using the computer to solve oil production 
problems. 
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