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FOREWORD 

P r o j e c t Whirlwind 

P ro jec t Whirlwind a t the Massachuse t t s Institute of Technology DigiUl Computer 
Labora to ry is sponsored by the Office of Naval Resea rch under Contract N5ori60 and 
the United States Air F o r c e under Contract AF19(122)-458. The objectives of the 
P ro jec t a r e the development of an electronic digital computer of l a rge capacity and 
very high speed, and its application to p rob lems in mathemat ics , sc ience , engineer ­
ing, simulation, and control . At the p r e sen t time Pro jec t r e s o u r c e s a r e about 
equally divided between (1) operation of the computer and improvement of its r e l i a ­
bility; (2) applicat ions of the computer to engineering and scientific p rob lems ; 
(3) s to rage r e s e a r c h and development; and (4) design of additional t e rmina l faci l i t ies . 

The Whirlwind Computers 

The Whirlwind computer is of the high-speed electronic digital type, in which 
quant i t ies a r e r ep resen ted as d iscre te n u m b e r s , and complex prob lems a r e solved 
by the repeated use of fundamental a r i thmet ic and logical ( i . e . , control or selection) 
operat ions- Computations a r e executed by f rac t iona l -microsecond pulses in e l e c ­
t ronic c i r cu i t s , of which the principal ones a r e (1) the flip-flop, a c i rcu i t containing 
two vacuum tubes so connected that one tube or the other is conducting, but not both; 
(2) the gate or coincidence c i rcui t ; (3) the e lec t ros ta t i c s torage tube, which uses an 
e l ec t ron beam for s tor ing digits as positive or negative charges on a s torage surface . 

Whirlwind I(WWI) may be regarded a s a prototype from which other compute rs 
will be evolved. It is being used both for a study of c i rcui t techniques and for the 
study of digital computer applications and p rob lems . 

Whirlwind I u ses numbers of 16 binary digits {equivalent to about 5 decimal 
d ig i ts ) . This length was selected to l imit the machine to a prac t ica l s ize , but it 
p e r m i t s the computation of many simulation p rob lems . Calculat ions requir ing 
g r e a t e r number length a r e handled by the use of mult iple- length number s . Rapid-
a c c e s s e lec t ros ta t ic s torage initially had a capacity of 4096 binary digi ts , sufficient 
for some actual problems and for p re l iminary invest igations in most fields of i n t e r -
eat . This capacity is being gradually inc reased toward the design figure of 32,768 
d ig i t s . P r e s e n t speed of the computer i s 20,000 s ing le -addres s operat ions per 
second, equivalent to about 6000 mult ipl icat ions per second. This speed is higher 
than general scientific computation demands a t the p r e sen t state of the a r t , but i s 
needed for control and simulation studies. • 

Repor t s 

Q u a r t e r l y r e p o r t s a r e issued to mainta in a supply of up- to-date information on 
the s ta tus of the Pro jec t . Detailed information on technical aspects of the Whirlwind 
p r o g r a m may be found in the R-, E - , and M - s e r i e s r epo r t s and memorandums that 
a r e i ssued to cover the work a s it p r o g r e s s e s . Of these, the R - s e r i e s a r e the most 
fo rmal , the M - s e r i e s the leas t . A l i s t of the publications issued during the period 
covered by this Summary, together with ins t ruc t ions for obtaining copies of them, 
a p p e a r s in the Appendix 
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1. QUARTERLY REVIEW 
(AND ABSTRACT) 

A second bank of storage tubes - - which 
operate at a density of 32 x 32 spots - -
was installed and tested during the fourth 
quarter of 1951, bringing the computer e s ­
sentially to its original design specifications. 
Work on the second bank restricted the ap­
plications time to about 15-20 hours per week 
during much of the quarter, but during these 
hours the computer was about 90% reliable. 
With completion of the installation and testing 
of Bank B, the computer now becomes avail­
able for more extensive use by the applications 
group. 

The new bank of storage tubes adds 1024 
registers of high-speed storage to the 256 
registers previously available, and opens up 
new fields of applications for the computer. 
A system of "programmed arithmetic," using . 
a number of interpretive subroutines, i s being 
developed to permit the computer to solve 
problems that involve numbers or precision 
outside its built-in l imits. An example of 
one extra-precision floating-point subroutine 
is given in Section 6. Also described in Sec­
tion 6 are four of the more important problems 
being attacked by the applications group: 

1. Non-linear parabolic partial dif­
ferential equations (a study of 
magnetic flux density) 

2. Transcendental equations(optical 
constants of thin metal deposits) 

3. Boolean matrix multiplications 
(group intercommunication ex­
periments) 

4. Approximation of curves by a s e ­
quence of unit differences ( in ­
structions for a digitally control­
led milling machine). 

A thesis study of the application of digital 
computers to the task of high-speed informa­
tion searching indicates thata special-purpose 
machine would probably be more suitable than 
a general-purpose machine suchas Whirlwind 
I. 

A series of seminars on computing-ma­
chine methods is being held. Members of the 
MIT faculty and other outsiders are invited 
to attend. 

The interim magnetic-tape input-output 
equipment has been used and tested success ­
fully with the computer, but it is not yet 
available for general use. 

A summary of vacuum-tube failures for 
the year shows that only 22 of them interrupted 

operation of the computer. Thus the preven­
tive-maintenance program is proving highly 
effective. Installation of programmed mar­
ginal checking, now under way, will improve 
it even further. Failure rates for vacuum 
tubes were below those for 1950. 

The annual summary of crystal failures 
indicates that the 1950 rate of 1 percent per 
thousand hours has been halved in 1951. Re­
placement of miscellaneous components re­
mained at the 1950 figure of 0.02 percent per 
thousand hours. 

The three-dimensional magnetic-core 
memory has been proved practicable by suc­
cessful operation of a 16 x 16 array of metal­
lic cores . Information has been written, 
read, and rewritten in the array at a 40-kc 
rate, and cycled through the array at a low­
er rate. The array has operated without er ­
ror for several hours at a time. 

A 16x16 array of ferrite cores has been 
constructed, and circuits for controlling it 
are being developed. A 2 x 4 section of the 
arrayhas been in operation with access t imes 
of about a microsecond. 

Ferroelectric materials so far tested for 
their suitability in storage arrays appear to 
be on the borderline. 

Ina study of the application of transistors 
to computer circuits, a blocking oscillator 
incorporating transistors operated succes s ­
fully at repetition rates of 0.8 megacycle per 
second with 0. 4-microsecond pulses. Indi­
cations are that transistors have many ad­
vantages for use in computer circuits, and 
that with further improvement they will be­
come important components in computer de­
sign. 

The 300-series storage tubes in Bank A 
of the computer have operated reliably al ­
though 9 tubes were replaced during the quar­
ter at an average life of 1640 hours. Of the 
17 tubes now in this bank, the average service 
is 1275hours, with a maximum of 3590 hours. 

The 400-ser ies tubes operating at 1024 
spots in Bank B have performed successfully, 
although their margins are lower than those 
of the tubes operating at 256 spots. At the 
end of the period the bank was being used for 
about 80% of the applications programs, and 
the 16 tubes had been in use an average of 
735 hours. 

Two magnetic-drum storage systems are 
being constructed by Engineering Research 
Associates for use with the computer. One of 
these will be used as a large-capacity storage 
system to supplement the high-speed e lectro­
static storage in the computer. Its 24,576 
16-digit registers will store both numerical 
data and computer subprograms. The other, 
known as the buffer-storage drum, will be 
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QUARTERLY REVIEW 

used for temporary storage of data which is 
being communicated between the computer 
and certain special types of terminal equip­

ment. Present schedules call for shipment 
of the drums late in 1952. 

2. SYSTEM ENGINEERING 

With the second bank of storage tubes 
completely installed and tested, the Whirl­
wind I computer has about fulfilled its original 
specifications. The addition of the second bank 
of tubes, operating reliably at a 32 x 32 densi­
ty, has quintupled the former high-speed stor­
age capacity of the computer. This achieve­
ment has opened up the field of computer 
applications considerably, with the current 
availability of 1280 registers of high-speed 
electrostatic storage (Bank A at 16 x 16 and 
Bank Bat 32x32) and the prospective availa­
bility of 2048 registers (both banks at 32x32) . 
More hours of computer time will be available 
to application groups during the next quarter. 

2. 1 RELIABILITY AND CHECKING 

The computer has been about 90% reliable 
during the relatively few hours a week (15 to 
20) recently assigned to applications time. 
With the present excellent reliability of e lec­
trostatic storage , programmed marginal 
checking is being integrated into the computer 
marginal-checking system. With its program 
stored in electrostatic storage, the checking 
system will be much more convenient than it 
is at present. It will be capable of checking 
many control and operation lines with a va­
riety of programs. 

A new automatic control for the marginal-
checking system is planned to improve its 
reliability. The ball-disk integrator will be 
replaced with a one-shot clutch of the type 
used in the Flexowriter unit. 

The possibility of writing programs to 
have the computer locate its own troubles has 
been assayed. On the basis of results with a 
few trouble-location programs, further inves­
tigations will be made of this technique. 

2.2 INSTALLATION OF BANK B 
STORAGE 

The installation of the second bank of 
storage tubes (Bank B), the evolution of new 
testing methods for it, and the maintenance 
of the first bank of tubes (Bank A) required 
approximately forty hours a week during the 
past quarter. Installation of Bank B was car­
ried out smoothly and according to schedule; 

no major difficulties were encountered. Cur­
rently, programs written for no more than 
320 registers can be run in either bank inter­
changeably. 

New tests and lineup procedures were 
devised in the process of realizing the 32x32 
operating density of the 400-series storage 
tubes in Bank B. A program was written 
which fits into test storage and provides 
several modes of testing. Marginal-check­
ing techniques were then adapted for opti­
mizing the operating settings of storage-tube 
gate amplitudes. Exhaustive tests with Bank 
Bled to more rigorous test specifications for 
Bank A (which had already, of course, been 
operating reliably at 16x20 density for some 
months). 

Work has just been resumed on the ES 
parity-check system for detecting electro­
static-storage information errors (see Sec. 
2. 2 of Summary Report 26). All cabling and 
equipment have been installed for Bank A; 
only the storage tube is lacking in Bank B . 
Timing and pulse amplitudes are now being 
checked prior to putting the parity-check 
system into operation. 

2.3 INPUT-OUTPUT 

The interim magnetic-tape equipment has 
been used and tested successfully with the 
computer on numerous occasions. However, 
it is not yet available for general use by the 
applications group. 

With the exception of the in-out delay 
counter, which already has been operating 
with the special display orders, the rest of 
the input-output system is getting under way. 
The d-c coupled special display decoders 
with plug-in flip-flop units are being installed. 
The in-out switch, the d-c in-out register, 
and the overall in-out control are in the pro­
cess of construction, and the design of the 
final relay system for tying in the Flexo­
writer equipment has been begun. 

2.4 POWER SUPPLIES 

Two new voltages are being planned for 
the WWI power system. A projected change 
in the program register and check register 
will involve the use of d-c coupled flip-flops. 
To drive the plates of these flip-flops, +50 
volts at 5 amperes is being installed. For 
the new Burroughs test equipment,+300 volts 
at 5 amperes will be supplied. 

_ <j 
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3. CIRCUITS AND COMPONENTS 

3.1 VACUUM-TUBE LIFE 

3.11 WWI Computer 

The maintenance records on the WWI 
Computer for the pas t year have been reviewed 
to obtain a p ic ture of the effects of tube fail­
u res on sys tem rel iabi l i ty . The fai lures were 
analyzed as to type; in addition, they were 
separated into two groups - - those that in te r ­
rupted useful operation of the computer and 
those that were found as a resul t of routine 
preventive maintenance. 

F a i l u r e s that occur while the computer 
is being used in application studies a r e of the 
g rea tes t concern, since they direct ly affect 
the reliabil i ty of the computer . Fa i lu res found 
by preventive maintenance also a r e of in te r ­
est , since a la rge number of such failures 
might requi re inc reased scheduled main te ­
nance and would imply a grea ter number of 
potential in terrupt ing fa i lures . 

The data obtained a re summar ized in 
F i g s . , 3 - 1 , 3-2, and 3-3 . Those for types 
7AD7 and 7AK7 a r e l is ted separately in F igs . 
3-1 and 3-2, while those for al l other types 
including tubes in the power supplies a r e com­
bined in Fig. 3-3. The data show that only a 
very small proport ion of the fai lures caused 
interrupt ion of computer operation. Of the 
22 such fai lures l i s ted in the three cha r t s , 16 
were from shor ts or opens, defects which 
would not manifest themselves so that they 
could have been found before the failure oc­
cu r r ed . This signifies that the maintenance 
schedules in use a r e effective in minimizing 
the number of shutdowns result ing from tube 
fa i lures . 

L O W P L A T E C U R R E N T 

C H A N G E I N C U T O F F 

S H O R T S 

C O MPLETE 

T A P 

G A S OR L E A K S 
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roTAI S 

I N T E R R U P T ING 

? 

3 

9 

1 0 
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Fig . 3 -1 . 7AD7 Tube Fa i lu res in WWI 
During 1951 
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Fig . 3-2. 7AK7 Tube Fa i lu res in WWI 
During 1951 
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Fig . 3-3 . Miscellaneous Type Tube Fa i lu res 
in WWI During 1951 

The number of defective tubes found by 
marginal checking as compared to the number 
of those found by other checking methods 
should not be taken as a measu re of the ef­
fectiveness of the marginal-checking facil i­
t i e s , par t icular ly in the case of miscel laneous 
types, which include many tubes to which 
marginal checking is not applied. 

It is significant to compare the data for 
the 7AD7's and 7AK7's with s imi la r summa­
r i e s for the year 1950 which were published 
in Summary Repor t 25. During 1951 both the 
number of tubes in use and the length of t ime 
equipment was in operation increased about 
30 percent over the 1950 f igures. The number 
of fai lures increased only about 20percent for 
7AD7's and 15 percent for the 7AK7's. This 
implies lower failure r a t e s for 1951, but the 
analysis is not sufficiently complete to be 
conclusive. 

The number of fai lures during 1951 among 
the miscel laneous types is about double that 
for 1950. However, the number of tubes r e ­
ported on is a l so about doubled, so that no 
significant changes in performance of these 
tubes can be deduced. 

CIRCUITS AND COMPONENTS 

Fo r all three groups of tubes, the ra t ios 
of interrupting failures to non-interrupting 
fai lures a r e smal le r for 1951 than for 1950. 
This is a very desi rable trend which it is hoped 
will continue and become an established fact 

as more data a re obtained. 
A chart of the tube failures which occur­

red during the past quar te r is given in Fig. 
3-4. 

Type 
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Fig. 3-4. Tube Fa i lu res in WWI 
October 1 - December 31, 1951 
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10 3. CIRCUITS AND COMPONENTS 

3. 12 Life Tes ts 

Only twolife- tes t studies of vacuum tubes 
have been active in the past quar te r , both of 
them pr imar i ly concerned with the res is tance 
of cathode interface layers formed in some 
vacuum tubes. The proper t ies of interface 
res is tance and the troubles it may cause a re 
descr ibed in Reports R-139 and R-179-

A l ife- test study of theSR1407, whichis a 
video power pentode designed to replace the 
7AD7 in computer se rv ice , has now run some 
4000 hours . This test has demonstrated that 
the SR1407 will not develop troublesome in­
terface res is tance in normal operation. Al­
though some interface res i s tance can be 
measured at low heater voltages (10 ohms, 
4 .5 volts Ef), the interface res i s tance is 
below measurable levels at rated heater volt­
age ( less then 2 ohms, 6. 3 volts Ef). 

Another l i fe- tes t study has been made 
using 6AG7 tubes to investigate rate of change 
of interface res is tance with t ime. Tubes of 
two manufacturers were used; they were 
operated with no cathode cur rent for a period 
of 1000 hours at normal heater voltage (Ef = 
6. 3 volts) . Interface res i s tance was read at 
50, 100, 200, 500, and 1000 hours , at heater 
voltages of 3 .5 , 4 . 5 , and 6.3 vol ts . The 
tubes of only one manufacturer developed 
interface res i s tance . At 1000 hours , the 
average interface res i s tances of those tubes 
developing interface res i s tance was 84 ohms, 
when read at a heater voltage of 6.3 volts. 
It was found that interface res is tance in­
c reased initially about as the square of the 
t ime. However, from 500 to 1000 hours the 
increase was approximately l inear with t ime. 

Inaddition to these l i fe- test s tudies , two 
lots of tubes were tested for manufacturers 
to a s s i s t them in their r e sea rch p rog rams . 
Fifteen 6SN7GT tubes were tested for Sylvania 
Electr ic Products , Inc. , to a s s i s t in setting 
up test equipment to read interface res i s tance . 
For ty - s ix standard diodes were tes tedfor the 
Raytheon Manufacturing Company, where a 
study of mate r ia l s used in oxide cathodes is 
being made. 

A new and improved method for de t e r ­
mining cathode interface res is tance has been 
devised. A "complementary" network is in­
serted in the cathode lead of the tube under 
test while it is being operated in a t ranscon-
ductance bridge. When the transconductance 
bridge is excited with a square wave, it is 
possible to minimize the e r r o r waveform as 
observed on an oscil loscope by adjusting the 
network and bridge simultaneously. When a 
null is reached, the network is the exact com­
plement (in a network theory sense) of the in­
terface impedance. This mater ia l will be i s ­

sued in an R - s e r i e s report during the next 
quar ter and will be presented before the IRE 
convention in New York on March 6, 1952. 

3.2 COMPONENT REPLACEMENTS 
IN WWI 

3.21 Crystal Rectif iers 

Experience with crysta l rect i f iers in 
Whirlwind I during the past year has been 
very good. Fig. 3-5 is intended to give gen­
eral information; it should not be used c r i t i ­
cally to analyze c rys ta l performance. The 
total of 11,400 c rys ta l s is a conservat ive 
es t imate; the 220 fai lures , however, a r e 
exact and represen t a failure rate of about 
0 .5 percent of al l c rys ta l s in use per thou­
sand hours of operation. A comparison of 
total failures during 1951 with those of 1950 
shows a decrease of 124, or 0. 5 percent per 
thousand hours . This decrease is noteworthy, 
as the 1950 failure rate was only 1 pe rcen t 
per thousand hours . 

TYPE 

CRYSTAL 

D-357 
( IN34A) 

D-358 
(1N38A) 

D-359 
(1N56A) 

TOTAL 

NUMBER 

IN USE 

7500 

3500 

4 0 0 

11,400 

FAILURES 

NUMBER 

66 

154 

0 

2 2 0 

' . •* NUMBER 
IN USE 

0 9 

4 4 

1 9 

FAILURES LOCATED BY 

MAHGINAl 
CHECKING 

53 

115 

166 

OTHER 
CHECKING 

13 

39 

52 

CLOCK READING 
JAN I , 1951 9 1 8 6 4 HOURS 
DEC 31,1951 ' 9 0 2 4 I HOURS 

Fig. 3-5. Fa i lu res of Crystal Rectifiers 
in WWI During 1951 

During both y e a r s , most of the c rys ta l s 
which fai ledwere D-358's. This type is used 
in flip-flop clamp c i rcu i t s , where a back r e ­
sistance of at least 0.5 megohm is essent ia l . 
The 154 fai lures of these c rys t a l s for 1951 
represen t s a dec rease of 124 from the 1950 
figure. Two reasons can be given for this d e ­
c rease :^ ) improved, glass-envelope c rys t a l s , 
lN38A's, a r e being used as rep lacements ; 
(2) r igorous tests for detecting drift a re now 
given to all c rys ta l s pr ior to installation. 

An improvement in the performance of 
clamp crys ta l s can be expected for 1952, s ince 
more D-358's will be replaced by !N38A's. 
The good job being done by marginal checking 
and other prevent ive-maintenance procedures 
in spotting poor c rys ta l s a l so a s su res that 
interruptions due to crys ta l fai lures will be 
unlikely. 
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3. 22 Other Components 

The total number of component r ep lace ­
ments during 1951, other than vacuum-tube and 
crys ta l rep lacements , was 47. F igu re 3-6 

COMPONENT 

CAPACITORS 

CHOKES 

RESISTORS 

PULSE TRANSFORMERS 

DELAY LINES 

TOGGLE SWITCHES 

TOTAL 

MuMt) B 
IN USE 

21,107 

3.969 

26,210 

3,425 

143 

5 4 4 

55,418 

NO OF 
FAILURES 

l l 

2 

19 

I I 

1 

3 

47 

..-.-. M 0 

M l 
,1951 

1 ,tM 

READING 

5 i 8 6 4 HOURS 
9 0 2 4 1 HOURS 

Fig. 3-6. Fa i lu res of Other Components 
in WWI During 1951 

summar izes the number of failures for dif­
ferent types of components. (It should be noted 
that the total number at the bottom of the first 
column rep resen t s not the total number of 
components in WWI, but only those types of 
components in which some fai lures occurred. ) 
The percentage of failures per thousand hours 
for these miscel laneous components is ap­
proximately 0.02, the same figure a s for 
1950. 

A char t of component rep lacements dur­
ing the pa s t qua r te r i s given in F ig . ' 3 - 7. 

3.3 FERROMAGNETIC AND 
FERROELECTRIC CORES 

Summary Reports 24 through 27 contained 
discussions of (1) a scheme for storing digital 
information in a three-dimensional a r r a y of 
magnetic co re s , (2) the resu l t s of r e s e a r c h 
work on the individual co res , (3) experimental 
operation of a 4 -core a r r a y , (4) an extension 
of the original scheme which resul t s in im­
proved speeds and signal ra t ios , (5) design 
and construction of two 256-core memory 
a r r a y s , (6) a magnet ic -core ma t r ix switch 
for select ing/dr iving one of th*1 a r r a y s , and 
(7) some work on f e r roe l ec t r i c - s l ab s torage 
and on Harvard- type stepping r e g i s t e r s . 

The following paragraphs discuss activity 
during the las t qua r t e r , including (1) exper i ­
mental operation of the 256-core metal l ic a r ­
ray, (2) par t ia l resul t s of the work on the 
ceramic a r r a y and mat r ix switch, (3) early 
experimental resu l t s on f e r roe l ec t r i c - s l ab 
s torage, and (4) new m a t e r i a l s , test ing, and 
measurement . 

3. 31 16 x 16 Metallic Ar ray 

A fair demonstrat ion of the pract icabi l i ty 
of the three-dimensional magnetic-core m e m ­
ory scheme has been given by recent suc ­
cessful operation of the 16 x 16 metal l ic a r ­
ray. (Fig. 3-8 is a photograph of the a r r a y 
p rope r . ) 

An a rb i t r a ry information pat tern has been 
put into the a r r a y . The information in each 
successive core has been read and rewri t ten 
a t a 40-kc r a t e , giving an a r r ay - scann ing 
frequency of about 160 cps. The switching 
time of each core was about 10 microseconds 
using a se lec t ing-current rat io of 2 :1 . The 
worst ONE-ZERO ratio (taken on an ampl i ­
tude basis at the sensing- t ime point) was 
about 4 :1 . A test of cur ren t -var ia t ion margins 
indicated that any one coordinate cu r r en t 
could be var ied by more than 10% without 
interrupting operation. Pa r t i a l operation of 
the a r r a y using 3:1 se lec t ing-cur ren t ra t ios 
has a lso been accomplished; it resul ted in a 
reduction of core switching time to roughly 
5 microseconds . 

The a r r a y has also been operated with a 
moving information pat tern (the contents of 
one core shifted to the next in turn) at a r e ­
duced rate and with reduced m a r g i n s . 

E r r o r - f r e e operation for per iods as long 
as several hours is highly encouraging in view 
of the very la rge variat ion of cha r ac t e r i s t i c s 
among the 256 cores and the incomplete s tate 
of development of the logical tes t equipment 
surrounding the a r r a y . It is believed that two 
major l ines of future effort should be (1) to 
const ructnew a r r a y s out of cores with g rea t ­
er uniformity of cha rac t e r i s t i c s , and (2) to 
remodel or replace surrounding tes t equip­
ment until the logical tes t setup per fo rms 
with a high degree of re l iabi l i ty . A third 
line of effort i s , of course , a imed at obtain­
ing significant data from the tes t operat ion 
of the a r r a y for use in future design work 
and reliabil i ty e s t ima tes . 

3. 32 Ceramic Memory Ar ray and 
Matr ix Switch 

A 16 x 16 planar a r r a y of smal l fe r r i te 
memory cores has been constructed. The 
electronics for selecting, sensing, and thor ­
oughly testing the a r r a y have been assembled , 
and work is continuing on the magne t i c -core 
matr ix switch to drive the memory . 

There a r e many as yet unsolved engi­
neering problems in the switch and i ts cou­
pling to the memory; however, portions of the 
memory up to 2 x 4 in size have been in ope r ­
ation driven by small experimental swi tches . 
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Component 

Capacitors: 
Mica 

Ceramic 
Trimmer 

Bath Tub 

Crystals 

Resistors'. 
Carbon 

Resistors: 
Wire-Wound 

Resistors: 
Variable 
(Carbon) 

Toggle Switch 

Pulse 
Transformers 

Type 

0. 001 
mfd 

7-45 
mmfd 

0.01 
mfd 

D-357 

D-358 

1.5 
Megohms 
1/2 watt 

2200 
ohms 
1 watt 

3 .3 
ohms 
2 watt 

3100 
ohms 
8 watt 

5000 
ohms 

8 watt 

2500 
ohms 

2 watt 

SPST 

1:1 

3:1 

5:1 
(193-8) 

5:1 
(193-10) 

Total in 
Service 

3300 

200 

75 

7500 

3500 

10 

175 

50 

50 

700 

40 

500 

600 

2241 

335 

5 

No. of 
Failures 

6 

4 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
3 

1 

Hours of 
Operation 

52 

7415 

4300 

8133 

2000-3000 

5000-6000 

7000-8000 

5000-6000 

8000-9000 

5319 

8448 

3665 

676 

4531 

3564 

7953 
544 

8043 

7494 
8000-9000 

8751 

Comments 

Mechanical 

Open 

Intermittent 

Oil leak 

Mixing crystal: excess ive 
drift 

Mixing crystals: 2 change 
in characteristics, 4 drift 

3 Mixing crystals: 2 change 
in characteristics, 1 drift 
1 Grid crystal: drift 

Clamping: drift 

Matrix: Change in 
characteristics 

Change in characteristics 

Intermittent open 

Open 

Open 

Open 

Intermittent Open 

Intermittent 
Open 

Intermittent 

Open 
Open 

Intermittent 

Fig. 3-7. Failures of Components in WWI 
October 1 - December 31, 1951 
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Fig. 3- 16 x 16 Metallic-Core Magnetic 
Memory Array 

Arbitrary patterns of ONE'sand ZERO'S have 
been cycled within these portions for several 
hours. Information was available one micro­
second after it was requested; the total read-
rewrite time was about three microseconds. 

3.33 New Materials. Testing, and 
Measurement 

Improved magnetic materials continue 
to arrive slowly, and a limited amount of 
measuring and evaluation goes on. A com­
plete and organized measuring, testing, and 
record-keeping program is being designed. 

Equipment is being constructed for a c ­
ceptance and life testing. Liaison with other 
users and producers of these types of mag­
netic cores is good, particularly in the area 
of test techniques and standards. 

3. 34 Ferroelectric Storage 

Equipment has beenassembled to pulse-

test single ferroelectric condensers in a way 
which closely approximates their operating 
conditions in a storage matrix (Summary 
Report 27). Voltage steps of two amplitudes 
(either polarity) can be applied to the con­
denser under test by the discharge of a thyra-
tron. At a low frequency, the equipment 
cycles through a sequence of read, write, and 
half-amplitude disturb pulses, testing various 
materials which appear promising. 

The materials currently being tested 
appear to be on the borderline of suitability 
for a matrix memory. Switching, however, 
is faster than anticipated. Some materials 
have been observed to switch in 0 .4 micro­
second. Improved characteristics were noted 
when the material was cooled below -5 C. 

3 .4 TRANSISTORS 

The objective of the transistor group is 
to evaluate the transistor as a digital-com­
puter element. This evaluation must be made 
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14 3. CIRCUITS AND COMPONENTS 

in comparison with the vacuum tube and the 
magnetic core. 

3.41 Preparation Period 

The period from June 1951 to September 
1951 was spent in a general study program. 
To provide the framework for this study, a 
Transistor Bibliography, E-421, was com­
piled. This bibliography contains 27 entries 
which cover the physics of the transistor and 
70 entries which cover the applications. 

Experimental work related to the various 
articles from the bibliography was carried 
on using four Bell Laboratory Type A trans­
istors made in 1948. A cursory study of the 
following circuits was made: 

(1) Class A Amplifiers 
(2) Multivibrators 
(3) Oscillators 

Circuits were designed for plotting the 
four main static characteristics. The first 
of these consists of four d-c meters mounted 
on a panel (see F-1379 in Engineering Note 
E-435). Emitter and collector current and 
voltage can be read on a point-to-point bas is . 
The time and labor involved in the process 
of taking static characteristics in this way 
became prohibitive; therefore a second s y s ­
tem was devised. This system employed a 
half-wave rectifier with variable-amplitude 
sine-wave input, two or three small batteries, 
an osci l loscope, and a Land camera. With 
this setup the collector and backward trans­
fer characteristics can be obtained in ap­
proximately 10 minutes. 

In addition to the study and experimenta­
tion, the members of the group attended a 
weekly transistor symposium conducted by 
Prof. R. Adler of the Research Laboratory 
of Electronics. 

3 .42 Study of a Blocking Oscillator 

When the Type 1698 transistors became 
available, the group decided to make a detail­
ed study of some simple circuit in order to 
gain experience in the use of the ideas which 
had been studied during the summer. The 
blocking oscillator was used for this purpose, 
and a study was made which lasted from Oc­
tober 1 to November 15. The results of this 
study are reported in Engineering Note E-435. 
It was found that the large-scale equivalent 
circuit described in that report is quite sa t i s ­
factory for qualitative analysis of transistor 
circuits . Operation at repetition rates of 
0.8 megacycle per second with pulses of 0 . 4 -
microsecond duration were obtained. It was 
found that when high peak emitter currents 

are used, the characteristics shift during the 
cycle of operation, so that the static charac­
terist ics must be modified for design pur­
poses in such a way as to allow for this shift. 
A permanent change in the characteristics 
of the transistor under test was observed to 
takeplace during the course of the investiga­
tion. This change was mainly a reduction in 
the back resistance of the collector diode. 

3. 43 Preliminary Evaluation of a 
Transistor as a Computer 
Component 

After the experience with the blocking 
oscillator, it was decided that a preliminary 
evaluation of the transistor should be made 
in order that we might have some idea of its 
advantages and disadvantages. This study, 
which is described in Memorandum M-1353, 
pointed up the fact that the transistor has 
many advantages as a computer component 
and that its main disadvantages will partially 
or wholly be eliminated as transistors be­
come available and manufacturing techniques 
improve. The advantages of the transistors 
are: 

(1) Small size (1/1000 cubic inch 
for beaded units) 

(2) Short switching time ( less 
than 0. 2 microsecond) 

(3) Low power requirements 
(1/10 watt or less total) 

(4) Long life (70, 000 hours to 
63% failures) 

(5) Inherent negative resistance 
characteristic (results in 
simpler switching circuitry) 

(6) Low capacitances. 

Its disadvantages are: 

(1) Temperature sensitivity 
2) High noise figure 
3) Variation of parameters 

among different units 
(4) Low power output. 

There is some evidence that the variation of 
parameters can be reduced with better manu­
facturing techniques. The effects of tempera­
ture sensitivity and low power output can be 
eliminated in many cases with proper c i r ­
cuitry. The high noise figure is a great d i s ­
advantage for small-signal work. Its effects 
can be easily reduced in large-signal c i r ­
cuitry. 

One flip-flop counter stage is being stud­
ied. This counter employs a circuit due to 
Dr. R.H. Rediker of M I T modified by the 
transistor group after a study of thenegative-

3. CIRCUITS AND COMPONENTS 15 

resistance curve had been made. 

3. 44 Definition and Measurements of 
Parameters 

A preliminary definition of the transistor 
parameters which seem to be most important 
to us has been made, and a standardized 
measuring procedure has been adopted. The 
purpose of this work is (1) to determine how 
these parameters vary from the manufactur­
er 's data and (2) to write a meaningful life 
history of each of the units we use. The re ­
sults of this work are discussed in Engineer­
ing NoteE-441. The measurement of param­
eters will be an aid to the designer, who 
must know and allow for these variations. 

To provide data for the life histories, a log 
will be kept which will show significant pa­
rameter changes with time and different ap­
plications. 

3. 45 Counter Circuit 

Plans have been made to build a transis­
tor counter (see Memorandum M-1353). This 
counter will be based on the evaluation of 
memory and gate circuits which will precede 
its design. It is expected that this counter 
will utilize the advantages and minimize the 
disadvantages of the transistor and that the 
resultant design can be used in the evalua­
tion of the transistor as a computer element. 
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4. ELECTROSTATIC STORAGE 

4. 1 TUBE PROGRAM 

Installation of a second bank (Bank B) of 
s torage tubes with 1024 spots per tube (400-
ser ies ) has been completed during this quar­
ter These tubes a re operating at the same 
a c c e s s time as the f i rs t bank (Bank A) of 
256-spot tubes . 

The percentage of good 1024-spot tubes 
runs somewhat lower than that of the previous 
production of 300-ser ies tubes. Research 
effort is being directed toward improving 
this condition and extending the life and per­
formance of the 32 x 32 tubes. 

4 .11 Tube Experience in Whirlwind I 

Operation of the 300-ser ies tubes in Bank 
A has been consistently good, although a total 
of 9 tubes have been replaced during this 
qua r t e r . Of the tubes replaced, 2 suffered 
a loss of high-velocity gun cur rent caused by 
an a r c -ove r within the gun s t ruc tu re . This 
took place when the operating accelerat ion 
voltage was changed on al l tubes from 2000 
to 2500 volts. In a third tube, the holding-
gun current de ter iora ted below a usable value, 
and in another tube an intermit tent hea ter -
cathode short developed after 2000 hours of 
use . The other 5 tubes were replaced be­
cause of non-uniform spot size and low oper­
ating marg ins . These tubes were in varying 
stages cf ion-spot formation, and several had 
small isolated blemishes or non-uniform 
col lec tor - to-sur face spacings. These five 
tubes were not rejected because of complete 
failure while in service , but because of re la ­
tively low margins during operation with a 
new and more severe test p rogram developed 
in the course of the installation of the 1024-
spot tubes in Bank B. 

The average life of the tubes removed 
was 1640 hour s , ranging between 160 and 2880 
hours . Five of the tubes had also been used 
for more than 2000 hours . Fo r the 17 tubes 
in Bank A (the seventeenth is a pari ty-check 
digit that has been added), the average service 
is 1275 hours , with a minimum of 320 and a 
maximum of 3590 hours . Four of the tubes 
have more than 2500 hours of use, while 7 
have been in for 550 hours or l e s s . The tube 
with nearly 3600 hours of operation, inciden­
tally, is the f irs t 300 ~ se r i e s tube made, 
ST305-2, and was installed during December 
1950. 

During this quar ter 16 of the 400-se r ies 
prototype tubes have been installed in the 

computer . These tubes a r e being operated 
at 1024 spots per tube in the second (Bank B) 
storage position. The operation marg ins on 
the various gate ampli tudes and e lect rode 
voltages a r e somewhat l e s s than those for 
tubes operating at 256 spots . However, the 
feasibility of 32 x 32 operation has definitely 
been demonst ra ted , and at the end of this 
period Bank B s torage was being used for 
approximately 80% of the applications p ro ­
g rams . 

The 16 tubes in Bank B (the par i ty-check 
digit has not yet been installed) have been 
opera t inganaverage of 735 hour s , with values 
between 180 and 910 hours . None of the tubes 
has shown any evidence of dark-spot fo rma­
tion. During the course of the installation 
and alignment, however, 8 tubes were r e ­
placed in Bank B. Since the re was a constant 
demand for tubes a t that t ime , they were not 
all given shelf life before instal lat ion in the 
computer. Four of the tubes suffered a loss 
of emiss ion in one or both guns, and one 
developed an in termi t tent gr id- to-cathode 
short. The other three tubes were removed 
because of low operating margins and non­
uniform spot s ize , caused in one case by a 
loose collector sc reen . The average life of 
the tubes removed was 170 hours . 

4. 12 Tube Product ion 

During the th ree months ending on De­
cember 31, 1951, a total of 50 new tubes and 
one reprocessed tube were constructed. Ten 
of these tubes were not complete s torage 
tubes but consisted only of a high-velocity 
gun with a Phil ips Type " L " cathode mounted 
in a 2-inch glass cylinder approximately 8 
inches long. Three tubes were used in r e ­
search studies a t 32 x 32 density, while 38 
tubes, designated as r e s e a r c h tubes (RT) 
because of minor differences in tube geometry 
or target s t ruc tu re , were actually 400 - se r i e s 
prototype tubes intendedfor use in the compu­
ter . In F ig . 4-1 it will be noted that severa l 
tubes of this la t te r group have been des ignat ­
ed as "marginal tubes for 32 x 32 operation. " 
Because the wri t ing requi rements over the 
surface a r e not uniform, these tubes have 
operating ranges which a r e considered too 
narrow for use in Bank B. However, the 
tubes a r e sat isfactory at a 16 x 16 density 
and a re being used a s Bank A rep lacements . 
Of the 38 tubes made for use in the computer , 
a total of 8, or 21%, were of this margina l 
type. Four of these a re known to have failed 
at 32 x 32 operation because of an in t e r fe r ­
ence pat tern between the col lector and auxi l i ­
a ry-co l lec tor s c r e e n s . This pat tern occur ­
red when an a t tempt was made to use the 
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NUMBER OF TUBES 

10- 1 

10 8 

10-15 

10-22 

10-29 

11-5 

II -12 

11-19 

11-26 

12-3 

12-10 

12-17 

IZ-Z4 

12-31 

- * R T - 2 3 e 

RT-242 

R T - 2 4 6 

R T - 2 3 0 

R T - 2 3 9 

R T - 2 4 3 

RT-247 

HT-231 

( 
R T - 2 4 0 

RT-244 

RT-248 

RT-252 

RT-241 

RT-243 

« 7 J 4 » ' 

RT-253 R 7 - 8 5 4 ' 

RT-256 RT-2S7 P n T - t « t ' P * T - 2 » 2 ' 

' « T » ! ' ^ R T - 2 6 4 * RT-265 RT-2S8 

' RT-267 

» T - e ? i - i ' 

or-tri-i ' 

P T - Z 6 0 ' P R T - 2 6 8 

RT-272-1 

* R T - 2 7 « - l * R T - 8 7 7 ' 

RT-27B RT-Z79 ' J - I R T - Z S O 

R T - H 1 I * 

R T - H I ' 

RT-253 

RT259 P « T - M « ' 

trr-tro-i ' 

RT-282 

K T - 2 H 

R T - 2 8 7 ' 

• HI 93 Mi 

RT-ZS4 2 

R T - M t * 

R T - M 5 • R T - 2 » 6 - t 3 RT- tSO * 

1 TWO DIFFERENT COLLECTOR AND 
AUXILIARY-COLLECTOR MESM SIZES 

1 LOOSE COLLECTOR SCREEN 

1 NON-UNIFORM SURFACE 

1 HEATERS BURNEO OUT 

1 HEATERS BURNEO OUT 

1 NON-UNIFORM SURFACE 
2 HEATER BURNEO OUT 
3 WEAK GUNS 

1 AIR INCLUSIONS 

i NON-UNIFORM SURFACE 
2 HEATER BURNED OUT 

1 MEASLES 
2 VARIABLE AUXILIARY-COLLECTOR-TO-

COLLECTOR SPACING 

I GASSY 
2 NON-UNIFORM SURFACE 
3 GRIO-CATHODE SHORT 
4 SECONDARY EMISSION POOR BELOW IOO VOLTS 

I, NON-UNIFORM SURFACE 
2 SECONDARY-EMISSION POOR BELOW IOO VOLTS 

1 VARIABLE BEAM THROW 

['« GOOD RESEARCH TUBE j MARGINAL TUBE FOR 
B T 1 32X32 OPERATION 

Fig. 4 - 1 . Storage-tube Production Record 

same size of wi re mesh for both s c r e e n s . 
The other four tubes had uneven col lector-
to-surface spacings or isolated failure points 
which were too smal l to in ter fere seriously 
with 16 x 16 operat ion. 

The figure of 58% good tubes for 32 x 32 
operation is lower than that previously ob­
tained on 300 - se r i e s production. This is not 
felt to be par t i cu la r ly ser ious or indicative 
that tubes s tor ing 1024 spots a r e appreciably 
more difficult to make than those storing 256 
spots . Since the causes of failure a r e known, 
it is felt that co r rec t ive m e a s u r e s can be 
taken which will improve the acceptance fig­
u re . The 40% value for successfully processed 
r e s e a r c h tubes with Phil ips " L " cathodes is 
not encouraging. Of the 6 which failed, one 

had a grid-cathode shor t and the remaining 5 
had their hea te r s burned out during p r o c e s s ­
ing. 

4. 13 Resea rch 

As mentioned in Summary Report 27, 
two r e sea rch tubes were made to investigate 
the effect of the size of the auxi l iary-col lector 
mesh on tube performance . A slight improve -
ment in spot interact ion was obtained in the 
quadrants having a 7 0 - m e s h auxil iary col lec­
tor instead of the 40-mesh which had p r e ­
viously been used. In al l other respects the 
70-mesh quadrant appeared to be normal . 
However, when tubes were made having both 
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70-mesh col lector and auxi l ia ry-col lec tor 
s c r eens , an interference pattern was p r o ­
duced which was severe enough to give a non­
uniform a r r a y of spots. The distribution of 
spot size over the surface was not sufficiently 
well defined to suggest a moire' effect, and 
the in ter ference lines did not show up on a 
television-type display unless the holding-
gun was turned off and a relat ively intense 
scanning beam was used. As a resul t , this 
condition did not become apparent until the 
low operating margins for several of these 
tubes were noted. Of the 12 tubes of this 
type made during this qua r t e r , 3 were s a t i s ­
factory for 32 x 32 use in the computer , 5 
were rejected for other r easons , and the 
other 4 have been assigned as replacements 
for Bank A. Fu ture tubes will use 40-mesh 
auxi l ia ry-col lec tor sc reens of a different 
orientation between sc reens to avoid any in­
te r fe rence . 

During this period two tubes were made 
using a conductive coating of stannic oxide 
in place of the aquadag. Although the p r e s ­
sures observed during process ing and sub­
sequent tes ts were less by a factor of 10 than 
those of previous tubes, two things took place 
which may be ser ious enough to discourage 
further use of the new coating. F i r s t , there 
was difficulty in getting normal emission 
from both e lect ron guns; second, the second­
a r y - e m i s s i o n cha rac t e r i s t i c s of the surfaces 
were very poor below 100 volts p r imary 

velocity. It seems probable that some con­
taminant is being re leased by the stannic 
oxide coating which must be more completely 
expelled before the tube is p rocessed with the 
storage surface and electron guns in place. 

The four tubes with Phil ips "L" cathodes 
whichhave been satisfactori ly p rocessed have 
shown promising results on life t e s t s . They 
a r e being aged at 5-8 watts heater power 
input, this being sufficient to give 50 to 100 
mic roamperes beam cur ren t from a standard 
5UP gun s t ruc tu re . The two most s tr iking 
cha rac te r i s t i c s of these cathodes compared 
to the oxide-coated type is their constant level 
of emission as a function of duty cycle and 
their complete freedom f ro ml o s s of emiss ion 
when the grid is pulsed positive with respec t 
to the cathode by as much as 50 vol t s . The 
average age of the four tubes is 1423 hours , 
with RT264 having 1679 hours and RT268 
1204 hours . 

Because of the high incidence of heater 
burn-outs during process ing , no Type " L " 
cathodes have yet been placed in s torage 
tubes. The r e sea r ch will be continued, how­
ever , as improvements in the heater s t r uc ­
ture and process ing techniques a re expected. 

Life testing of the f i r s t 400- se r i e s p ro ­
totype tube has now extended to 3500 hours 
with no trace of dark-spot formation. It is 
safe to a s sume that this factor will not place 
an upper l imit upon the life of storage tubes. 

IV 

5. INPUT-OUTPUT 

5. 1 MAGNETIC TAPE 

The temporary magnet ic- tape se tupmen-
tioned in Summary Report 27 has been found 
to operate quite sa t isfactor i ly . The tempo­
ra ry system is still connected with the com­
puter . It is being tested with var ious modes 
of operation, and it is somet imes used with 
the computer on application p rob lems . In 
this way the sys tem can be employed f o r u s e -
ful computation, and at the same t ime provide 
performance data and s e rve to acquaint oper­
a to r s with the p rogramming p rob lems . 

Using the resul t s obtained in the testing 
of the t emporary setup, the design of the 
equipment for the final sys tem is being c a r ­
ried out. The final magnet ic - tape system 
will work with the in-out control descr ibed 
in Summary Repor t 26. The decision to group 
the magnet ic- tape heads in pai rs to reduce 
difficulties with tape b lemish will be applied 
to the final sys tem, and this has necess i ta ted 
a few superficial changes in the design of 
in-out control. 

The computer , by sett ing up the in-out 
switch, will be able to se lec t one of four tape 
units and to dr ive it e i ther forward or r eve r se 
and to select the mode of operat ion. The 
three possible modes of operat ion a r e read, 
record , and r e - r e c o r d . The r e - r e c o r d mode 
is one in which a portion of the infdrmation 
in a previously recorded tape is replaced. 
This mode involves both reading and r eco rd ­
ing - - reading to locate the desired position, 
and recording to inse r t the new information. 

The information is put on the tape in 
blocks of a length determined by the computer , 
with the spaces between blocks long enough 
to allow the tape to stop - - about 0.2 inch. 
The blocks a r e made up of lines of informa­
tion ac ro s s the tape. These lines a r e spaced 
at a maximum density of 100 per inch. Be­
cause of the grouping of the 6 heads into 3 
pa i r s , there a r e effectively only 3 channels 
a c ro s s the tape. Two of these channels a r e 
used to record data received from the com­
puter , and the third is used as an index 
channel in which a pulse is recorded whenever 
there is information in the other two channels . 
Thus 8 lines along the tape a r e needed to 
record one 16-binary-digi t computer word. 
The words a r e split up during recording and 
assembled during reading by in-out control , 
so that the p r o g r a m m e r does not have to a r ­
range for these opera t ions . The p r o g r a m m e r 
does have to make sure that reading is done 
with the tape moving in the same direction 
as when it was recorded , so that the words 

will be assembled cor rec t ly . 
During a recording operation, a special 

cha rac te r - - called a block mark - - i s au to­
matically recorded as the first line in each 
block. This block mark is used in reading 
to determine the beginning of a block of in­
formation, and the control is a r r a n g e d to 
detect a block mark and activate the reading 
c i r cu i t s . This feature along with o t h e r s a l ­
lows the computer to keep track of the loca­
tion of information on the tape by reading 
only one line in a block and counting i t , with­
out having to spend time reading a l l of the 
information in each block. The block m a r k is 
also used during the r e - r e c o r d opera t ion to 
t r igger the c i rcu i t s from the reading to the 
recording mode a t the p rope r t ime. The fact 
that a block m a r k must be detected in o rde r 
to act ivate the reading c i rcu i t s makes i t pos ­
sible to s ta r t the tape in the middle of a block 
of information without getting into t roub le . 

5.2 MAGNETIC DRUMS 

Two magnet ic-drum sys tems a r e being 
constructed by Engineering Resea rch A s s o c i ­
ates of St. Paul for use with the Whirlwind 
computer . These have been designated as 
the auxi l ia ry-s torage d rum system and the 
buffer-storage drum sys tem. A brief de­
scription of this equipment was given in Sum­
mary Report 26. 

The auxi l ia ry-s torage drum is to be used 
as a la rge-capac i ty s torage to supplement 
the high-speed e lec t ros ta t ic storage in the 
computer . This drum is designed to have 
2048 r eg i s t e r s around its c i r cumfe rence and 
to have 12 groups of 16 heads . This a r r a n g e ­
ment provides a total capacity of 24, 576 
16-digit r e g i s t e r s . It will be used for s t o r ­
age both of numerical data and of computer 
subprograms. The system will be connected 
so that t r ans fe r s of information can take place 
only between the drum and e lec t ros ta t ic s t o r ­
age. These t rans fe r s will take place by way 
of the in-out r eg i s t e r and will involve use of 
the in-out switch and the in-out control . This 
method of integration was chosen because it 
permi ts the mos t s traightforward des ign. 
However, the addition of m o r e e labora te con­
trol features at a la ter date is not p rec luded . 

Several modes of operat ion for this equip­
ment a r e being planned. These a re desc r ibed 
in some detail in Memorandum M-4358. B a s i ­
cally, they provide a p r o g r a m m e r with a 
choice of either s ingle-word or block t r a n s ­
fers and of var ious methods for specifying 
the drum reg i s t e r s to be re fe r red to . For 
single-word t ransfers an average wa i t - t ime 
of 8 mil l iseconds will be n e c e s s a r y in o r d e r 
to locate the des i red d rum a d d r e s s . Fo r 
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block t r ans fe r s a s imi la r wait t ime will be 
neces sa ry to locate the a d d r e s s of the first 
word in the block, but succeeding words will 
be handled at in tervals of 64 mic roseconds , 
which is near ly the maximum operat ing speed 
of e lec t ros ta t ic s torage . 

The buffer-s torage drum is to be used 
for t empora ry storage of data which is being 
communicated between the computer and c e r ­
tain special types of te rmina l equipment . 
Pr incipal ly , it is to be uti l ized whe re input 
data is a r r iv ing in a random and asynchronous 
manner from many s o u r c e s . In o rde r to 
handle data of this type without the use of 
some such buffer s torage , it would be n e c e s ­
sary for the computer to be ready a t al l t imes 
to receive each piece of data and s t o r e it in 
e lec t ros ta t ic s torage . The buffer d r u m will 
accumulate data of this sor t so that it will be 
neces sa ry only for the computer to remove 
the information at re la t ively infrequent in te r ­
vals and a t points in the computer p r o g r a m 
where such data t ransfer is convenient. Spe­
cial dual heads on the buffer d ru m will be 
used to control the recording p r o c e s s e s and 
insure that new data is not recorded in r e g i s ­
t e r s containing information which has not been 
extracted by the computer . T r a n s f e r s be­
tween the buffer drum and the computer may 
be done ei ther in blocks of words or a single 
word at a t ime in manners s imi la r to those 
used with the aux i l i a ry - s to rage d r u m . 

The use of dual heads on the buffer drum 

offers additional poss ibi l i t ies in communicat­
ing information between the computer and 
var ious s low-speed te rminal -equipment de ­
vices such as typewri te rs and punched-tape 
equipment. The information may be t r a n s ­
fe r red between the computer and the drum at 
the high speed of e lec t ros ta t ic s torage and 
between the drum and the te rminal equipment 
at the necessa ry low speeds . 

The two magne t i c -d rum sys tems will be 
constructed in separa te units and will utilize 
the type of plug-in construct ion which is 
s tandard for ERA design. Fi lament power 
for the equipment will be supplied from the 
WWI computer buses and therefore will be 
cycled on and off slowly along with the r e s t 
of the computer . T h e n e c e s s a r y d-c voltages 
will be obtained from special m o t o r - g e n e r a ­
tor se ts and vo l tage- regula tor c i rcu i t s fur­
nished with the equipment. However, the 
wiring for distr ibution of this d-c power is 
being planned so that the margina l -checking 
facil i t ies of the computer can be applied to 
the drum sys t ems . 

P r e s e n t schedules call for shipment of 
the drum sys tems during the last qua r t e r of 
1952. Installation of power wiring, video 
cables , and control c i rcui ts for tying the 
sys t ems to the computer is being planned 
so that integrat ion with the computer can be 
accomplished without delay after the units 
a r r i v e . 

21 

6. MATHEMATICS, CODING, 
AND APPLICATIONS 

6. 1 PROGRAMMING OF EXTRA-
PRECISION AND FLOATING­
POINT OPERATIONS 

For a large proportion of scientific and 
engineering computation, the short-length 
f ixed-point number system with which the 
Whirlwind I computer is designed to operate 
i s a limitation which must be overcome by 
programming. The sixteen binary digits 
(one of which is a sign digit) which make up 
a normal number in the computer a re equiva­
lent to four and a half decimal digits with sign. 
Thus an a rb i t r a ry number may have to be 
increased or decreased by as much as 1 part 
in 65, 536 when it is rounded off to fit into 
the standard reg i s te r length. The fixed-point 
logic requires that ca re be taken in planning 
the computation to insure that al l numbers be 
l e s s than unity in magnitude. Therefore (1) 
the upper bounds of the magnitudes of all 
var iab les must be known at least approxi­
mately , and (2) quantities which wouldnormal-
ly be grea te r than one must be premultiplied 
by some number, usually a negative power 
of two, to make them smal le r than one. 
F u r t h e r difficulties a r e encountered when 
var iab les grow smal l , and par t icular ly when 
they pass through ze ro , during the computa­
tion, because in this event the number of 
significant digits may diminish far below the 
number of actual digits being car r ied unless 
further ca r e is exerc ised . 

These difficulties inherent in the use of 
a short- length fixed-point number system 
were recognized long ago, and the design of 
the Whirlwind I computer was undertaken with 
full cognizance of the apparent l imitat ions. 
There were numerous reasons for this de­
cis ion, the most important of which a re the 
following: 

(1) No real limitation is imposed, be­
cause more precis ion (i. e. more digits) 
and /o r a floating po in t ( i . e . no res t r ic t ion on 
magnitude and no unavoidable loss of signifi­
cant digits) can both be provided by proper 
programming, using subroutines, with no 
g r e a t e r difficulty than if the computer had 
been designed to handle longer, floating­
point numbers . 

(2) Use of short , fixed-point r eg i s t e r s 
together with a s ing le-address instruction 
code permi ts by far the most efficient use 
of total s torage capacity and the grea tes t s im­
plicity of design and construction ina machine 
intended in part for control applications . This 
is t rue because high speed and low precis ion 

a r e charac te r i s t i c of the needs of mos t con­
trol problems. The high speed necess i ta tes 
a parallel machine, so that extra digits in a 
number mean extra equipment. 

(3) Fixed-point ar i thmet ic is virtually a 
necessity in any problems in which extensive 
logical operations a re performed or in which 
the instructions of the p rogram a r e modified 
ar i thmetical ly . A st i ic t ly floating point would 
be somewhat more complicated designwise 
and considerably less convenient in p rac t i se , 
because it is more difficult to fix a floating 
point than to float a fixed point by p rog ram­
ming. 

(4) Many scientific and engineering prob­
lems , as well as most control p rob lems , r e ­
quire high precis ion only at cer ta in cri t ical 
stages if at all; and almost all problems in­
volve some logical functions (if only to keep 
track of the ar i thmet ic steps) in which long 
numbers a r e not needed. For efficient use 
of storage, numbers which require only a few 
digits should be stored in as short a reg is te r 
as possible. Since control applications r e ­
quire high-speed operations on shor t num­
be r s , it is more sensible to combine two 
short r eg i s t e r s by programming when neces ­
sary than to halve a long one. The a l t e rna­
tive, namely the optional shor t -or - long sys ­
tem used by Wilkes, is difficult tomechanize 
in a paral lel computer but appears to have 
advantages. 

The recent availability of 1024 reg i s t e r s 
of e lectrostat ic storage has , for the first 
t ime, made feasible the undertaking of exten­
sive calculations which require e i ther extra 
precision (above the 16 binary digits no rma l ­
ly used) or floating point or both. 

In the Whirlwind I Subroutine Library 
there a r e a l ready in use several interpret ive 
routines for performing programmed ar i th ­
met ic . The name programmed ar i thmet ic 
has been applied to all types of a r i thmet ic 
different from the rea l -number , fixed-point. 
1 5-binary-digit , less- than-one- in-magni tude 
system built into the Whirlwind I computer . 
The specifications, as given in the Subroutine 
Library , of the most popular of the ext ra-
precision floating-point subroutines is r e ­
produced in Fig. 6 - 1 . Using this subroutine, 
one can p rogram a 7-decimal-digit floating­
point computation just as easily, and in fact 
in almost exactly the same way, a s one can 
program the 4 - l /2 -dec imal -d ig i t fixed-point 
computations ordinari ly performed on WWI. 
The average floating-point ex' tra-precision 
program is likely to take about 25 t imes as long 
to pe r fo rmas its fixed-point counterpar t and 
requires ordinari ly somewhat less than twice 
the number of s torage r e g i s t e r s . 

A detailed analysis of the advantages of 
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• t B x t r e - P r e a i s i o n and F l o a t i n g - P o i n t Bea l Number A r i t h m e t i c , u s i n g 
2 - r e g i a t e r 24,6^0 Numbersj Basic I n s t r u c t i o n Cod* w i t h D i v i s i o n , 
INTERPRETIVE 

T o t a l Number of R e g i s t e r s Occupied by t h e S u b r o u t i n e ; 
Temporary S to rage R e g i s t e r s Required by t h e S u b r o u t i n e ! 
Time Required t o Perform t h e Subrou t ine * aTerage -

s t o r a g e r e g i s t e r s 
temporary r e g a . 
WTTT o p e r a t i o n s 
WW! o p e r a t i o n s 

per i n t e r p r e t e d o p e r a t i o n ; see page 4 fo r d e t a i l s 

P r e s e t Pa ramete r s (Values t o be i n d i c a t e d i n t a p e t i t l e l i n e ) 
x | p i - N • a d d r e s s a s s i g n e d t o t h e i n i t i a l r e g i s t e r of t h e s u b r o u t i n e 

x2 pki k - s e p a r a t i o n between r e g i s t e r s a s s i g n e d t o each 2 - r e g i s t e r number 

D e s c r i p t i o n 

This i n t e r p r e t i v e s u b r o u t i n e , when c a l l e d i n t o a c t i o n , t a k e s I n s t r u c t i o n s 
(more s t r i c t l y , program pa rame te r s w r i t t e n as i n s t r u c t i o n s ) one a t a t ime from 
c o n s e c u t i v e s t o r a g e r e g i s t e r s and performs t h e d e s i g n a t e d s i n g l e - a d d r e s s o p e r a ­
t i o n s de f ined by t h e i n t e r p r e t e d - I n s t r u c t i o n code g iven on page 4 . These o p e r a ­
t i o n a r e p r i m a r i l y a r i t h m e t i c a l o p e r a t i o n s performed on r e a l numbers r e p r e s e n t e d 
In t h e 2 4 , 6 , 0 sys t em. Each number i s s t o r e d In some m u l t i p l e - r e g i s t e r l o c a t i o n 
n c o n s i s t i n g o f t h e p a i r of r e g i s t e r s n and n+k, where n i s t h e a d d r e s s o f t h e 
g iven l o c a t i o n and k i s de te rmined by p r e s e t parameter x 2 . 

The 2 4 , 6 , 0 number sys tem r e p r e s e n t s any r e a l number N, p rov ided t h a t 

e i t h e r I - " or 2 J » | H ^ , as a s igned 2 4 - b i n s x y - d i g i t f r a c t i o n x and a s igned 
S - b i n a r y - d i g i t i n t e g e r y f where x and y a r e chosen i n such a way t h a t e i t h e r 

x -0 or i > | x ^ > . 5 and t h a t | l - x 2 y i " l < 2 ~ . Thus t h e number p a i r x , y r e p r e s e n t s 
H t o w i t h i n ! n 000006?!, e q u i v a l e n t t o about 7 s i g n i f i c a n t deoimal d i g i t s . The 
s i g n and f i r s t 15 d i g i t s o f r occupy one r e g i s t e r w h i l e t h e s i g n and 6 d i g i t s 
of y and t h e l a s t 9 d i g i t s of x occupy t h e second r e g i s t e r of t h e p a i r a ss igned t o 
c o n t a i n t h e number N. D e t a i l s of t h i s and o t h e r number systems a r e a v a i l a b l e 
e l s e w h e r e . 

A m u l t i p l e - r e g i s t e r accumula tor (MRA) i s used in p l a c e o f t h e AC i n many 
i n t e r p r e t e d o p e r a t i o n s . This Ef f i s no t a s p e c i a l r e g i s t e r as i s t h e AC bu t 
r a t h e r i s a group of 3 o r d i n a r y s t o r a g e r e g i s t e r s c o n t a i n e d w i t h i n t h e i n t e r ­
p r e t i v e s u b r o u t i n e , e p e o i f i o e l l y r e g i s t e r s 2 r , 3 r , and 4 r . Even though only 2 
r e g i s t e r s a r e needed t o c o n t a i n a 2 4 , 6 , 0 number, 3 r e g i s t e r s are- used for t h e 
MRA t o avo id fetal t ime-consuming o p e r a t i o n of pack ing t h e l a s t 9 d i g i t s of t h e 
number and t h e s i g n and 6 d i g i t s of t h e exponent t o g e t h e r i n t o one r e g i s t e r 
a f t e r each i n t e r p r e t e d i n s t r u c t i o n . A f u r t h e r advantage i s gained i n t h a t any 
sequence of a r i t h m e t i c o p e r a t i o n s i s performed u s i n g 30 d i g i t s for t h e number 
and 15 d i g i t s for t h e e x p o n e n t . Th i s p r o v i d e s I n e f f e c t a 30.16. ,0 system,, The 
24 and 6 l i m i t a t i o n i s imposed only when n e c e s s a r y , namely on t s and ex o p e r a ' 
t i o n s . Thus g r e a t e r range and g r e a t e r p r e c i s i o n a r e a v a i l a b l e T n sequences of 
a r i t h m e t i c o p e r a t i o n s t h a n t h e 2 4 , 6 , 0 system would no rma l ly a l l o w . 

The roundof f e r r o r on ad and »u i s made i n t h e 29 th d i g i t o f t h e s u a 
be fo re i t i s s c a l e - f a c t o r e d . That" i s , Tn add ing any two 2 4 , 6 , 0 numbers , v . 2 w 

t o x . 2 , assuming 1 > - | T | > ' . 5 , l > | x r ^ . S , w > y , t h e sum o b t a i n e d i s 

L(v • x . 2 y " * ± 2 ~ 2 9 ) ? 3 2 * " Z * u -2 W ~ Z
> where z i s chosen i n such a way t h a t 

l>ju|>.5. 

The roundoff in rar is made In the 28th d i g i t . 
The roundoff in dv" is made in the 27th d ig i t . 
The roundoff in tT and ex ( i . e . in packing the 30,15,0 numbers into 

24,6,0 form) is of course made inThe 25th d i g i t . If the exponent y i s less 
than -63, the value -63 Is substituted for i t , without changing x in any way. 

Arithnetio alarms, because of the floating point system employed, and 
because of the extended range allowed within the MRA, will normally not occur 
in an interpreted program unless the contents of the MRA, call i t x.2*, prior 
to a t s or ex operation has an exponent y>63 , in which case an overflow alarm 
always occurs at register 203r during the interpretation of the t s or ex opera­
t ion, even i f x • 0. If during an arithmetic operation the exponent y~exceeds 

the bounds 2 >y>2 
130r, 175r or 176r. 

• l b 
an overflow alarm will occur at regis ter 28r, 85r. 

Sntry to and exit from the subroutine is accomplished by means of the 
instruction spax. The f i r s t instruction in a program is always performed in 
the Whirlwind code. When 24,6,0 operations are needed, control i s transferred 
to the subroutine by spax, x being the parameter which specifies the location 
of the subroutine. Instructions following the f i r s t spax are then performed 
in the interpreted code. When operations on 1-regi ster fixed-point words are 
desired, control i s transferred back to the main program by spax. This spax 
is given a special interpretation by the subroutine and resul ts in the instrue-
tions following i t being performed in the Whirlwind code. Use of a sequence of 
Whirlwind-coded instructions between two interpreted instructions does not 
affect the contents of the MRA, but usi of any interpreted instruction does 
affect the contents of the AC. 

For numerical input at the present time, a l l decimal numbers to be 
converted to 24,^,0 form must be written as a sicned decimal fraction which is 
less than 1.0 and not less than 0.1 followed by a single signed decimal d ig i t 
indicating the actual position of the decimal point. That i s , any number B is 

written in the form N - X.10Y, with 1> | x | > . l and -9 <, Y <-9, and with X having 
at most 8 decimal d ig i t s . For example, 

the number 300, which equals .3 x 10 

the number .OUT, 

the number -l/l28, which equals 

is written as +.3 | 

is written as -.78125 -2 

Alternatively, any number may be converted to 24,6,0 binary form by 
hand and written as 2 standard single length octal numbers. The procedure for 
converting by hand is described elsewhere. 

2 
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orage 1 
! and th '. !)Oth for the main program and the subroutines), temporary storage, the main 

program, the subroutines, and the interpretive subroutine PA 2.2 must at present 
follow a rather inflexible rule because of the input conversion procedures cur­
rently in use. The scheme to be followed is shown diagrariffiatically below, with 
decimal addresses used throughout- Notice that parameter x is a t present assigned 
the value 852 in a l l programs. 

Thinners designated 
by programmer 

address at s t a r t of 
program, usually 32. 

t o t a l number of 
locations * k • 
parameter x2. 

address of s t a r t o 
temporary storage 
parameter 0* 

address of s t a r t of 
main program, and of 
each subroutine and 
address of f i r s t i n ­
struction to be per­
formed must be 
indicated 

Storage 
regis ters 

address of s t a r t of 
interpretive subrout­
ine - 852 • para.-neter x 

main 
preys, sej 
2-register 
numbers, 
1st halves 

subroutine 
2-register 
numbers, 
1st halves 

temporary 
storage, 
1st halves 

main 
program 
2-register 
numbers, 
2nd halves 

subroutine 
2-*egister 
numbers, 
2nd halveE 

temporary 
storage, 
2nd halves 

su.hr out ines 

V. 

interpretive 
subroutine 

the assignments to consecutive locations 
of the 2-register constants needed by 
individual subroutines i s handled auto­
matically by the conversion program* 
The number of locations needed is the 
sum of the numbers needed by individual 
subroutines. 

the number of temporary locat ia 
i s the maximum of the numbers needed by 
the mam program and the subroutines. 
Note that a l l locations are 2-register 
locations. For 1-register temporary 
storage, both halves of any 2-register 
location n may be used by referring to 
nt for the f i r s t half and to iriax2 for 
the second half* 

address of 2nd half of l as t main program 
must be less than 530. 

faddreas of l as t word of l as t subroutine 
i must be less then 704, 

space available for print subroutine 
0T 102.1 

The interpreted instruction code of th is subroutine is given below. The 
instructions have the same binary value as the similar Whirlwind instructions* 
Swnce they are written, typed and converted in the same way as Whirlwind instrue-
Tiins and are in fact indistinguishable from them. The term "number in location sr 
is used to signify the number represented in 24.6,0 form by the 32 binary d ig i t s 
contained in the pair of regis ters n and n+k. The term "register m" is used to 
signify the single register nu Figures in parentheses give the number of Whirl-
w.nd instructions required to interpret the indicated instructions-

Interpreted 
Instructions 

ca n 

cs n 

cm n 

(38) 

^36) 

(37) 

(72) 

(76) 

(49) 

(74) 

(48) 
(48) 
(25) 

(24) 

(22) 

Function 

Clear the MRA and add into i t the number in location n, 

Clear the MRA and subtract frost i t the number in loewtiem n. 

Clear the MRA and add into i t the magnitude of the number in 
location n. 

Add the number in the MRA to the number in location n and leave 

the sum m the MRA. 

Subtract from the number in the MRA the number in location n 

and leave the difference in the MRA. 

tlultiply the number in the MRA by the number in looation n and 
leave the product in the MRA* 

Divide the number in the URA by the number in location n and lean 

the quotient in the MRA. 

Transfer the number in the URA to location n. 

Exchange the number in the MRA with the niisssars in location n. 
Interpret next the Instruction in register m (unless a • ax, in 

which case transfer control to the regis ter following the one 
which contains the spax so that the instrnetion following the 
spax is performed using the Whirlwind cbde)c 

If the contents of the ilRA i s a negative number, prooewd as In 
sp n above; if positive., ignore th is instruction* 

Transfer the address p * 1 into the right 11 digi t positions of 
regis ter », leaving the lef t 5 digi t positions unchanged; 
p being the address of the most recently interpreted sp or 
effective ££ operation. 

2 
> 
H 
X 
M 

> 

n 
c 
u 
z 
0 
> 
z 
0 
> x 
X 
r 
o 
> 
H 

s 
Z 

Fig. 6 -1 . Specimen Subroutine Specifications 
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var ious rea l -number sys tems will be given 
in the next Summary Report . At that time a 
detailed explanation of the functions of an 
in te rpre t ive subroutine will be given, com­
plete with examples of how they work and how 
they a r e used. 

6. 2 PROBLEMS OF GENERAL INTEREST 

Outlines of four of the more important 
p rob lems under study on the Whirlwind I 
computer a r e given in the succeeding sec ­
t ions . Only the f i rs t of these is being pur­
sued entirely by Digital Computer Laboratorv 
personnel . Work on the other three i s being 
performed in large part by the or iginators of 
the problems . 

6. 21 Non-Linear Parabol ic Pa r t i a l 
Differential Equations (Study of 
Magnetic Flux Density) 

Numerica l solutions have been obtained 
for the non-l inear par t ia l differential equation 

il5.6i5-. o 
ax* 3 t 

with boundary conditions 

H(x0 , t) = H(-x 0 , t) = 0 and H(x, o) r 0, 

as mentioned in Summary Reports 24 and 26. 
The method chosen was one that approximated 
the differential equation by a six-point dif­
ference equation. 

The f i rs t set of resul t s obtained approxi­
mated the f(H) curve by three straight l ines . 
Calculations were ca r r i ed out for three values 
of the time interval At; the space interval AX 
was kept fixed. The values chosen for At 
w e r e guided by the stability studies for the 
l inear case , as descr ibed in Summary Report 
26. The resu l t s at corresponding grid points 
of the x, t plane were found to differ by a 
very la rge amount, indicating that the numer i ­
cal solution was not converging to the time 
solution as At was made smal ler . However, 
v e r y little is actually known about the unique­
n e s s or even the existence of the solution of 
the differential equation with this choice of 
f(H), which has physically unreal is t ic d i s ­
continuities in its f i rs t der ivat ive. 

A second approximation was then in t ro ­
duced for the f(H) curve , keeping the f irst 

der ivat ive "TTJ continuous . Results were again 

obtained for three values of At keeping AX 
fixed. This t ime the resu l t s at corresponding 

grid points showed some agreement , but 
t r i a l s at values of At small enough to avoid 
oscillations were limited by the fact that the 
corresponding changes in calculated values 
became too small for the number of digits 
being car r ied , so that the difference equation 
solution leveled off erroneously. The p r o ­
grams a re now being revised to c a r r y out the 
calculations with a double-length precis ion 
of 30 binary digits. 

6. 22 Transcendental Equations 
(Optical Constants of Thin 
Metal Deposits) 

In connection with the study s tar ted some 
time ago by Dr. A.L. Loeb in the MIT Depart­
ment of Chemistry (see Sections 6. 4 of Sum­
mary Report 26 and 6.12 of Summary Report 
24), severa l new p rograms have been wr i t ­
ten. In this problem the optical constants 
(that i s , the index of refraction and the coef­
ficient of absorption) to be calculated a r e 
transcendental functions of the measu red r e ­
flection and t ransmiss ion ra t ios . 

As a pre l iminary step, the problem was 
originally programmed to calculate the r e ­
flection and t ransmiss ion from assumed val­
ues for the optical constants. These assumed 
values were then changed manually until the 
calculated values of the reflection and t r a n s ­
mission ra t ios , displayed on the oscil loscope, 
agreed with the measured ones. 

This program is being revised to e l imi­
nate the manual interference by including the 
i teration necessary to obtain the des i red r e ­
sults , which can then be printed direct ly . A 
further revision will take into account the 
reflection of radiation incident on the backing. 

Another p rogram has been writ ten to 
compute the conductivity as a function of 
thickness, at var ious wave lengths, from a 
measured t ransmiss ion value under the a s ­
sumption that the dielectr ic constant of the 
metal examined is equal to that of a i r . 

6. 23 Boolean Matrix Multiplications 
(Group Intercommunication 
Experiments) 

In the course of experimental work on a 
theory of basic communications among human 
beings, the Group Networks Laboratory of the 
Research Laboratory for Elect ronics at MIT 
is now attempting to develop a theory to ex­
plain the various experimental resu l t s which 
they have obtained. 

Ordinary methods of analysis having thus 
far proved of little use in obtaining a finite 
prediction theory, the Group Networks Labo-
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ratory is now planning to use the Whirlwind 
computer in an at tempt to find empi r ica l 
solutions. The problem has been coded by 
Arnold Simmel and Dr. Luce of the Group 
Networks Laboratory , with the aid of J . W . 
C a r r of the Whirlwind staff. 

The problem may be stated as follows: 
exper iments have been made on the c o m ­
munication behavior of five-man teams, who 
pass d i sc re te pieces of information s t ep -by-
step within the team, until al l information 
becomes common knowledge. The number of 
steps taken to a r r i v e at the "common-knowl­
edge" condition, with the same initial condi­
t ions, is recorded in each exper iment . A 
first assumption to be tested on the computer 
is that the passage of information obeys s i m ­
ple laws of probability. This can be tes ted 
by having the computer play the part of al l 
five men and make repeated exper iments 
using purely random choice of communication 
paths. The resul ts of the computer t r i a l s 
can then be compared with experimental r e ­
sults to see if the same distributions a r e ob­
tained. 

The passage of information i n d i s c r e t e 
steps is represented in Whirlwind by Boolean 
m a t r i c e s , with elements of value only one 
and zero, whose multiplication under a p e ­
culiar Boolean condition represen t s a d i sc re t e 
t ime step during the communication e x p e r i ­
ment. The machine, with the aid of random 
numbers introduced from secondary s torage 
(for the moment, perforated paper tape is b e ­
ing used), s imulates the equi-probable choices 
of path for information passage requi red 
by the s imples t theory. The number of m a t r i x 
multiplications (discrete t ime steps) n e c e s ­
sary for the common-knowledge condition to 
occur is tabulated internally by the computer , 
and after a preass igned number of machine 
"exper iments" the total number of times that 
each specific number of steps has been r e ­
quired is printed out. 

So far, the program for the problem has 
been writ ten and is under tes t for va r ious 
network configurations for which answer s 
a r e known. After a thorough checking of 
such known solutions, actual performance of 
the problem with the random numbers will 
be at tempted. 

The present intention is next to expand 
the program from the present equi -probabi l i ­
ty condition to ones involving conditional 
probabi l i t ies , since the p resen t theory of 
communication groups is based to a l a r g e 
extent on such relat ionships. If the problem 
can be ca r r i ed to its conclusion, it is p o s ­
sible that a complete theory of the behavior 
of such communications groups will have been 
constructed for the f i r s t t ime. 

I 

6. 24 Approximation of Curves by a 
Sequence of Unit Differences 
(Instructions for a Digitally 
Controlled Milling Machine) 

A servomechanical device is being built 
by the MIT Servomechanisms Laboratory to 
control the motion of a milling machine. 
During one step of variable length in time, 
the cutting head is moved along each of the 
three axes of motion, the amount by which it 
is moved in each direction being determined 
by a group of specially coded c h a r a c t e r s on 
a standard perforated tape. By directing the 
milling machine through a suitable sequence 
of straight line cuts it is possible to make 
any des i red straight or curved cut m the 
meta l , accura te to within ±.0. 0005 inch. 

All other automatically controlled mil ­
ling machines work from a template , and 
simply reproduce the template . The digitally 
controlled milling machine will be able to 
produce special cams or templates directly 
from the specifications, thereby performing 
automatically what is now an expensive , t ime-
consuming, and highly skilled manual opera­
tion. 

The specifications of a given surface 
must be reduced to a sequence of straight 
l ines to be t raversed by the center of the cut­
ting head, making allowance for the dimen­
sions of the tool. These s traight line cuts 
must then be expressed in the code required 
by the controlling servo. Since the inception 
of the digitally controlled mill ing machine 
project , it has been a s sumed that these cal­
culations could be c a r r i e d out mos t sa t isfac­
torily on a large digital computer . Recently 
a member of the staff of the Servomechanisms 
Labora tory , with the aid of Digital Computer 
Laboratory personnel , has undertaken the 
programming of the f irs t phases of this prob­
lem. Successful p rog rams have been obtained 
for the generation of s t ra ight and c i rcular 
cutting instructions as well as for the routine 
task of translat ing control tapes prepared 
decimally by hand on F lexowr i te r equipment 
to the proper coded form used by the control 
device. More complicated two- and th ree -
dimensional cuts will be p rog rammed in the 
next few months. 

6 .3 HIGH-SPEED INFORMATION 
SEARCHING 

As the body of scientific information has 
continued to expand, more and more time 
and energy must be expended to locate docu­
ments related to a cer ta in topic or combina­
tion of topics . During r e c e n t y e a r s consider-
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able succes s has been achieved in reducing 
informat ion-searching operat ions to rout ines 
that can be performed with the aid of mechani ­
cal dev ices , such a s punched-card s o r t e r s 
and microf i lm scanne r s . It s eems unlikely, 
however, that these devices will prove en t i r e ­
ly sat isfactory for la rge files of information 
The development of electronic digital com­
puting equipment has c rea ted new possibi l i t ies 
for high-speed performance of routine search­
ing operat ions . 

This ar t ic le p resen t s in highly condensed 
and simplified form the resul t s of a M a s t e r ' s 
thesis entitled, "Elect ronic Digital Machines 
for High-Speed Information Searching, " p r e ­
sented to the Depar tment of E lec t r i ca l Engi­
neering of MIT in August 1951. 

Before any machine can be used for in­
formation searching, the information must 
be analyzed and encoded in such a way that a 
s ea rch by machine for a given subject will 
d i rec t attention to all pert inent documents 
while reject ing nea r ly all those documents 
which a r e not of immediate in te res t . It is 
des i rab le to be able to locate documents in a 
file by specifying a set of defining topics or 
index t e r m s . It is further des i rab le to be 
permi t ted to express these c r i t e r i a in a logi­
cal equation, so that, for example, a docu­
ment r e l a t ed to topic A, a s well as to e i ther 
topic B or C, will be located. For co l lec ­
tions of documents numbering l e s s than about 
300,000, this selection p rocess can be a c ­
complished by the use of punched cards and 
IBM's new electronic card so r t e r , or by 
ERA'S microfi lm Rapid Selector . F o r co l ­
lections numbering in the mi l l ions , it i s evi­
dent that very much higher-speed techniques 
must be employed. 

With modern electronic digital comput­
e r s , searching operat ions can be expressed 
in t e r m s of a s e r i e s of success ive checks for 
identity supplemented by a systemat ic method 
of keeping a record of the in termedia te r e ­
sul ts . A study of the applicability of the gen­
e ra l -pu rpose digital computer made it ev i ­
dent, however, that cer ta in modifications 
would make the computer more suitable for 
information searching. 

The study revealed that for a s ea rch of 
average complexity, in which the machine is 
requi red to scan an encoded index of the form 
already mentioned (allowing about 900 binary 
digits to indexa document completely), Whir l ­
wind in its present form would take about 3 
seconds to scan the index en t r ies for a single 
document. By endowing the computing e l e ­
ment of the machine with the ability to p e r ­
form cer ta in special o r d e r s , it might be p o s ­
sible to reduce the time for searching a single 
index block by a few tenths of a second - - but 
no m o r e . At this r a t e , it would still take 

more than 800 hours to search the index to 
a million documents. 

With radical changes in the wiring of the 
computer, searching operation could be pe r ­
formed with a much smal ler percentage of 
t ime consumed in t ransferr ing and storing 
intermediate resu l t s . If Whirlwind were r e ­
wired with the intention of using it for infor­
mation searching, the time requi red to scan 
a block of index ent i res could be reduced to 
perhaps a hundredth of a second. This would 
enable the machine to scan the index to one 
million documents in about three hours . 

Where the aim is to achieve the highest 
possible speed in identifying opera t ions , the 
performance of all operations in sequence - -
an inherent feature of the design of existing 
digital computers - - becomes the bottleneck . 
A special-purpose electronic digital machine 
could be built which would be s impler in de­
sign than a rewired genera l -purpose digital 
computer and would scan and se lec t much 
more efficiently. All c r i t e r ia used to de ­
fine a search could be checked s imul taneous­
ly against each index entry being scanned. 
The coded index information would be s tored 
on some semi-permanent medium such as 
magnetic tape. The machine would scan the 
coded en t r i e s , and copy and print the ser ial 
number of the selected documents . It is 
es t imated that such a machine could scan a 
magnet ic- tape index to about 5 mill ion docu­
ments an hour, the physical l imitat ions on 
tape speed being the governing factor in the 
over-a l l searching ra t e . 

Intuitively one feels that there must be 
a l ess cumbersome approach to the informa­
t ion- re t r ieva l problem than that of scanning 
the entire index. An idea worthy of further 
study recently suggested by a m e m b e r of 
this Laboratory is a scheme of successive 
binary selection, making successively one of 
two choices, guided by the success ive binary 
digits in a binary number. The binary num­
be r in this case would be the number con­
structed by assembling in some manner the 
binary-coded forms of index t e r m s defining 
the search. There presumably could be a 
multiplicity of different binary number s which 
would lead to the location of the same docu­
ment . 

It is an important fact to r e m e m b e r that 
the availability of any machine for information 
searching cannot of itself solve the informa­
t ion-searching problem. A major invest­
ment would have to be made for encoding any 
la rge file of information before machine 
searching would be possible. 

In addition to the detailed coverage of 
what has been summarized here , the thesis 
repor t (issued as repor t R-200) inc ludesa t 
the ends of the chapters what the author feels 
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to be a fairly complete bibliography on the 
subject of information searching, excluding 
the detailed accounts of specific applications 
of indexing schemes involving punched cards 
and microfi lm. (An exhaustive bibliography 
concerning punched ca rd s is given in Casey, 
R . S . , and P e r r y , J . W . , Punched Cards . 
Their Application to Science and Industry. ) 
Since the thesis repor t was p repared with 
the cooperation of several individuals exper i ­
enced in the field of handling documentary 
information, most of the significant accom­
plishments in the field have probably at least 
been noted. 

6.4 SEMINARS ON COMPUTING 
MACHINE METHODS 

A ser ies of semina r s has been organized 
to discuss numerical methods. Approximat­

ing polynomials, methods of matr ix inver­
sion, and ce r ta in topics in the numerical 
solution of par t ia l differential equations have 
been discussed. Among the topics planned 
for the near future a r e : 

1. Convergence and stability studies 
for parabolic and hyperbolic pa r ­
tial differential equations 

2. Study of the use of cha rac te r i s t i c s 
in solving hyperbolic partial dif­
ferential equations 

3 . Study and comparison of i te ra t ive , 
relaxation, and kernal function 
procedures in the theory of elliptic 
par t ia l differential equations. 

Interested m e m b e r s of the MIT faculty and 
others outside the Digital Computer Labora ­
tory have been invited and a r e attending and 
participating. 
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7. A P P E N D I X 

7. 1 REPORTS AND PUBLICATIONS 

Project Whirlwind technical reports and memorandums are routinely distributed to only a 
restricted group who are known to have a particular interest in the Project. Other people who 
need information on specific phases of the work may obtain copies of individual reports by 
making requests to John C. Proctor, Digital Computer Laboratory, 211 Massachusetts Avenue, 
Cambridge 39, Massachusetts. 

The following reports and memorandums were among those issued during the fourth 
quarter of 1951. 

N o . 

R-197 

R-199 

R-200 

R-201 

E-403 

E-422 

E-428 

E-429 

E-430 

E-431 

E-432 

E-434 

E-435 

E-436 

E-437 

E-438 

Title 

The Gate and Delay Unit (Test Equip­
ment Booklet No. 9) 

The Digital Computer Laboratory 

Electronic Digital Machines for High-
Speed Information Searching. 
M.S. Thesis (Abstract in E-433) 

Applications and Procedures for the 
Whirlwind I Computer 

Television Demonstration Unit, Part I 

Rectangular-Loop Magnetic Core 
Materials 

Proposed New Order dm (qm), Dif­
ference of Magnitudes 

Proposed New Order cl (qc), Cycle 
Left 

Order _si, Proposed Modification 
Involving AR 

500-Volt Power Supplies Used in the 
Whirlwind Computer 

A Study of the Holding Beam in the 
MIT Storage Tube (Abstract of 
R-198, a Master's Thesis) 

Burroughs Test Equipment 

Study of a Transistor Blocking 
Oscillator 

Bibliography on Components and 
Circuit Fabrication Techniques 

Procedure for Fabricating Delay 
Lines from Bulk Cable 

Binary Counting with Magnetic Cores 

No. of 
Pages 

8 

4 

Date 

9-1-51 

9-10-51 

Author 

R.R. Rathbone 
R.L. Best 

33 

16 

11 

8 

3 

4 

1 

26 

2 

7 

7 

23 

5 

18 

11-1-51 

11-1-51 

9-20-51 

9-4-51 

10-5-51 

10-8-51 

10-8-51 

10-17-51 

10-24-51 

10-31-51 

11-23-51 

12-19-51 

11-29-51 

12-21-51 

P R . Bagley 

C. W. Adams 

M.F. Mann 

W.N. Papian 

R.P . Mayer 

R . P . Mayer 

R . P . Mayer 

W.J. Nolan 

J.O. Ely 

R.L. Best 

D.R. Brown 
J . F . Jacobs 
N. T. Jones 

B. Paine 

J .S . Hanson 

D.A. Buck 
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No. 

E-439 

Title 

Location of Operations dm (qm) and 
cl (oJJ; Permanent Operation ejt 

No. of 
l '.U.;rs Date 

12-20-51 

Author 

C. W. Adams 
R. P. Mayer 

M-1280 The Use of "Dag" for Interior Wall 
Coating 

M-1284 Method of Preparing Subroutines for 
the Subroutine Library 

M-1303 Possible Uses of a Magnetic Drum with 

the Library of Subroutines 

M-1304 Progress on Subroutine Library 

M-1311 Conversion of the WWI Flip-Flop to 
D-C Coupling 

M-1316 Order-by-Order Print-Out 

M-1317 Summary of WWI Component Failure 
Analysis During September, October, 
1951 

M-1323 Proposed Addition of a Parity Checking 
Arrangement to the Final Paper Tape 
Input Equipment 

M-1328 Flexowriter Tape Comparer 

M-1337 Use of the Interim Tape Equipment 

M-1350 Operational Procedure on the Whirl­
wind Computer 

M-1358 Operation of Magnetic Drums with 
WWI 

3 

16 

3 

11 

6 

2 

9-20-51 

9-24-51 

10-22-51 

10-23-51 

10-25-51 

11-2-51 

R 

J. 
J . 

J . 

J 

F 

J 

A. Maglio 

W. Carr 
T. Gilmore 

W. Carr 

W. Carr 

Irish 

W. Carr 

11-21-51 B. Paine 

5 

2 

12 

7 

11-6-51 

11-16-51 

11-27-51 

12-10-51 

F 

J. 

F 

J . 

E . 

W. 

E . 

T. 

Heart 

Carr 

Heart 

Gilmo 

15 12-27-51 E.S . Rich 

7. 2 PROFESSIONAL SOCIETY PAPERS 

Three members of the Laboratory staff 
took part in the program of the Joint AIEE -
IRE Conference held in Philadelphia Decem­
ber 10-12. Jay W. Forrester presented a 
paper entitled "Digital Computers - Present 
and Future Trends." R.R. Everett and N.H. 
Taylor spoke on "The Whirlwind IComputer." 

W.K. Linvill's paper "Sampled-Data Con­
trol Systems Studied through Comparison of 
Sampling with Amplitude Modulation" was 
published in the AIEE Transactions, Vol. 70, 
1951. 

7. 3 VISITORS 

During the past quarter the Laboratory 
has had among its visitors the following: 

Dr. M.V. Wilkes of the University of 
Cambridge, England. 

Mr. W.W. Davis, Mr. D .C. Friedman, 
Mr. J. H. Wright, Mr. A. W. Holt of the 
National Bureau of Standards. 

Dr. V.D. Noe of Stanford Research Insti­
tute, who discussed transistors. 

Mr. B.V. Bowden and Mr. J.M. Bennett 
of Ferranti Electric, Ltd. , and Mr. T. Kil-
burn of Manchester University, England. 

Mr. S.M. Rubens of Engineering Re­
search Associates, Inc., who discussed mag­
netic-core storage and magnetic measuring. 

Mr. J.K. Gait of Bell Telephone Labora­
tories. 

Dr. E. Albers-Schonberg and Mr. C L. 
Snyder of General Ceramics, who discussed 
development and procurement of rectangular-
loop magnetic ferrites. 

Mr. R.L. Sink and Mr. V.R. Bradburn 
of Consolidated Engineering Corporation. 

Professor W.W. Soroka of the University 
of California, Berkely, California, who was 
interested in instruction in the design and use 
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of computing machines . 
Mr. Edgar Reich of Rand Corporation. 
Dr. O. Whitby, Stanford Resea rch Ins t i ­

tute, who discussed magnet ic- tape input and 
output. 

Captain M.S. McDowell of the U . S . A . F . 
Research and Development Command. 

Mr. Pe te r Prentky and M r . Francis V. 
Alia of the Raytheon Computer Project , who 
discussed stabilization of filament voltage 
and cycling of filament voltage. 

Mr. D.R.Young of International Business 
Machines Corporat ion. 

Mr. E . J . Smith of Brooklyn Polytechnic 
Insti tute, who discussed magnetic amplif iers . 

Mr. M . E . Spitz, Mr. W.E. Pickett, and 
Mr. H.N. Goldman of Sylvania. 

Mr. H. T. La r son of Hughes Aircraf t , 
who was interested in the p rog re s s of m a g ­
ne t i c - co re storage. 

P ro fes so r Sanai Mito of Harvard, and 
Dr . Kenichi Owaki of the Kobe Kogyo Corpo­
ration. 

Mr. L,. S. Pelf rey and Mr . G. R. Spencer 
of Raytheon who discussed t r ans i s to r s and 
t r ans i s to r cha rac t e r i s t i c s for computer work. 

Mr. T .H. Bonn and Mr. W . J . Bartik of 

Ecker t -Mauchly Computer Corporation, who 
were in teres ted in magnet ic -core s torage . 

Mr. L . P . Tabor and Mr. E . S . Krendel 
of the Franklin Institute, who were in teres ted 
in using Whirlwind I. 

Mr. T V . Moore of Standard Oil Devel­
opment Company. 

Mr. W.E. Buescher , Mater ia ls Control 
Engineer , and Mr . C.A. Pe te r son of Sylvania 
Elec t r ica l P roduc t s , Inc., who discussed 
methods of measur ing cathode interface r e ­
s is tance. 

Mr. W . E . Elliott of Elliott Bro the r s , 
England, and Mr . H . J . Crawley of National 
Re search and Development Corporat ion, Eng­
land. 

Mr. R.G. Counihan of International Busi­
ness Machines Corporat ion, who discussed 
magnetic co res and magnetic s to rage . 

Mr. B.H. Geyer, J r . , Mr. C D . Cock-
burn, and Mr . W. D. Novak of General E lec ­
t r i c . 

Mr. R . L . Sisson and Mr. H.H. Sa rk i s -
sian, Di rec tor of Applied Research , Com­
puter Resea rch Corporat ion, who discussed 
magnetic tape units and magnetic d r u m s . 
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