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FOREWORD

Froject Whirlwind

FProject Whirlwind at the Massachusetts Institute of Technology Digital Computer
Laboratoryis sponsored by the Office of Naval Research under Contract NSorié0 and
the United States Air Force under Contract AF19{122}-458. The objectives of the
Project are the development of an electronic digital computer of large capacity and
very high speed, and its application to problems in mathematics, science, engineer-
ing, simulation, and control. At the present time Project resources are about
equally divided between (1) operation of the computer and improvement of its relia-
bility; (2) applications of the computer to engineering and scientific problems;
(3] storage research anddevelopment: and (4) design of additional terminal facilities

The Whirlwind Computers

The Whirlwind computer is of the high-speed electronic digital type, in which
quantities are represented as discrete numbers, and complex problems are solved
by the reprated use of fundamental arithmetic and logical (i.e., control or selection)
operations. Computations are executed by fractional-microsecond pulses in elec-
tronic circuits, of which the principal ones are (1) the flip-flop, a circuit containing
two vacuum tubes soconnected that one tube or the other is conducting, but not both;
(2) the gate or coincidence circuit;{3) the electrostatic storage tube, which uses an
electron beam for storing digitsas positive or negative charges on a storage surface

Whirlwind I{WWI} may beregarded as a prototype from which other computers
will be evolved. [t is being used both for a study of circuit techniques and for the
study of digital computer applications and problems

Whirlwind I uses numbers of 16 binary digits (equivalent to about 5 decimal
digits). This length was selected to limit the machine to a practical size, but it
permits the computation of many simulation problems. Calculations requiring
greater number length are handled by the use of multiple-length numbers. Rapid-
access electrostatic storage initially had a capacity of 4096 binary digits, sufficient
for some actual problems and for preliminary investigations in most fields of inter-
est. This capacity is being gradually increased toward the design figure of 32, 768
digits. Present speed of the computer is 20,000 single-address operations per
second, equivalent to about 6000 multiplications per second. This speed is higher
than general scieniific computalion demands at the present state of the art, but is
needed for control and simulation studies

Heports

Quarterly reports are issued to mamtain a supply of up-to-date information on
the status of the Project. Detailed information on technical aspects of the Whirlwind
program may be found in the R-, E-, and M-series reports and memorandums that
are issued to cover the work as it progresses. Of these, the R-series are the most
formal, the M-series the least. A list of the publications issued during the period
covered by this Summary, together with instructions for obtaining copies of them,
appears in the Appendix

1. QUARTERLY REVIEW
(AND ABSTRACT)

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 es-
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 theapplications
EToup.

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 systemof '""programmed arithmetic," using
anumber of interpretive subroutines, is being
developed to permit the computer to solve
problems that involve numbers or precision
outside its built-in limits. An example of
one extra-precision floating-point subroutine
is given in Section 6. Also described in Sec-
tion bare four of the more important problems
being attacked by the applications group:

1. Non-linear parabelic 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. Approximationofcurvesbya se-
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 mare suitable than
a general-purpose machine suchas Whirlwind
1.

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
equipmenthas 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. Installaticn 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 | 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 l6x 16 array of metal-
lic cores. Information has been written,
read, and rewritten in the array ata 40-ke
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 lbx 16 array of ferrite cores has been
constructed, and circuits for controlling it
are being developed. A 2 x 4 section of the
arrayhas beenin operationwith access times
of about a microsecond.

Ferroelectric materials so fartested 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 success-
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 maxirourmn of 3590 hours.

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

Twomagnetic-drum storage systemsare
being constructed by Engineering Research
Associales for use with the computer. One of
these will be used as a large-capacity storage
system to supplement the high-speed electro-
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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used for temporary storage of data which is
being communicated between the compuier
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 guintupled 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 32x 32) and the prospective availa-
bility of 2048 registers (both banks at32x 32).
More hours of computer time will be available
toapplication 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 presentexcellent reliability of elec-
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 newautomatic 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 Bwas 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 32 x 32
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 testspecifications for
Bank A (which had already, of course, been
operating reliably at 16 x 20 density for some
months).

Work has just been resurned 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 equipmenthas
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-outcontrol 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,
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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 pastyear have been reviewed
to obtain a picture of the effects of tube fail-
ures on system reliability. The failures were
analyzed as to type; in addition, they were
separated into two groups -- those that inter-
rupted useful operation of the computer and
those that were iound as a result of routine
preventive maintenance.

Failures that occur while the computer
is beingused in application studies are of the
greatest concern, since they directly affect
the reliability of the computer, Failures found
by preventive maintenance also are of inter-
est, since a large number of such failures
might require increased scheduled mainte-
nance and would imply a greater number of
potential interrupting failures,

The data obtained are summarized in
Figs. 3-1, 3-2, and 3-3. Those for types
TAD7and TAK7 are listed separately in Figs.
3-1 and 3-2, while those for all other types
including tubes in the power suppliesare com-
bined in Fig. 3-3. The data show that only a
very small proportion of the failures caused
interruption of computer operation. Of the
22 such failureslisted in the three charts, 16
were from shorts or opens, defects which
would not manifest themselves so that they
could have been found before the failure oc-
curred. This signifies that the maintenance
schedules in use are effective in minimizing
the number of shutdowns resulting from tube
failures,
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The number of defective tubes found by
marginal checkingas compared to the number
of those found by other checking methods
should not be taken as a measure of the ef-
fectiveness of the marginal-checking facili-
ties, particularly in the case of miscellaneous
types, which include many tubes to which
marginal checking is not applied.

It is significant to compare the data for
the TADT7's and TAKT's with similar summa-
ries for the year 1950 which were published
in Summary Report 25. During 1951 both the
number of tubes in use and the length of time
equipment was in operation increased about
30 percent over the 1950 figures. The number
of failures increased only about 20 percent for
7ADT7's and 15 percent for the TAK7's. This
implies lower failure rates for 1951, but the
analysis is not sufficiently complete to be
conclusive.

The number of failures during 1951 among
the miscellaneous types is about double that
for 1950. However, the number of tubes re-
ported on is also about doubled, so that no
significant changes in performance of these
tubes can be deduced.

3. CIRCUITS AND COMPONENTS

For all three groups of tubes, the ratios
of Interrupting failures to non-interrupting
failures are smaller for 1951 than for 1950,
Thisisa very desirable trend which it is hoped
will continue and become an established fact

Tatal in Hours at
Type Service || Failure

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

TADT 2100

as more data are obtained.

A chartof the tube failures which occur-
red during the past quarter is given in Fig.
3-4.
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3..12: Life Tests

Only two life-test studies of vacuum tubes
have been active in the past quarter, both of
themn primarily concerned with the resistance
of cathode interface layers formed in some
vacuum tubes. The properties of interface
resistance and the troubles it may cause are
described in Reports R-139 and R-179.

A life-test study of the SR1407, whichis a
video power pentode designed to replace the
TADTin computer service, has now run some
4000 hours. This test has demonstrated that
the SR1407 will not develop troublesome in-
terface resistance in normal operation. Al-
though some interface resistance can be
measured at low heater voltages (10 ohms,
4.5 volts Ef). the interface resistance is
below measurable levels at rated heater volt-
age (less then 2 ohms, 6.3 volts Ef).

Another life-test study has been made
using 6AGT tubes toinvestigale rate of change
of interface resistance with time. Tubes of
two manufacturers were used; they were
operated with no cathode current for a period
of 1000 hours at normal heater voltage (Ef =
6.3 volts). Interface resistance was read at
50, 100, 200, 500, and 1000 hours, at heater
voltages of 3.5, 4.5, and 6.3 volts. The
tubes of only one manufacturer developed
interface resistance. At 1000 hours, the
average interface resistances of those tubes
developing interface resistance was 84 ohms,
when read at a heater voltage of 6.3 volts.
It was found that interface resistance in-
creased initially about as the square of the
time. However, from 500 to 1000 hours the
increase was approximately linear with time,

Inaddition to these life-test studies, two
lots of tubes were tested for manufacturers
to assist them in their research programs.
Fifteen 65N7GT tubes were tested for Sylvania
Electric Products, Inc., to assist in settling
up test equipment to read interface resistance,
Forty-six standard diodes were tested for the
Raytheon Manufacturing Company, where a
study of materials used in oxide cathodes is
being made.

A new and improved method for deter-
mining cathode interface resistance has been
devised. A "complementary'' network is in-
serted in the cathode lead of the tube under
west while it is being operated in a transcon-
ductance bridge. When the transconductance
bridge is excited with a square wave, it is
possible to minimize the error waveform as
observed on an oscilloscope 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 itnpedance. This material will be is-

sued in an R-series report during the next

quarter and will be presented before the IRE
convention in New York on March 6, 1952.

3.2 COMPONENT REPLACEMENTS
IN WWI

3.21 Crystal Rectifiers

Experience with crystal rectifiers in
Whirlwind [ during the past year has been
very good. Fig. 3-5is intended to give gen-
eral information; it should not be used criti-
cally to analyze crystal performance. The
total of 11,400 crystals is a conservative
estimate; the 220 failures, however, are
exact and represent a failure rate of about
0.5 percent of all crystals 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 percent
per thousand hours,

Typs NUMBEF FAILLIRE

HYSTA NousE R e % OF NMHEN
CUMBER B 0

Fig. 3-5. Failures of Crystal Rectifiers
in WWI During 1951

During both years, most of the crystals
which failedwere D-358's. This type is used
in flip-flop clamp circuits, where a back re-
sistance of at least 0.5 megohm is essential.
The 154 failures of these crystals for 1951
represents a decrease of 124 from the 1950
figure. Two reasonscan be given for this de-
crease:(l) improved, glass-envelope crystals,
IN38A's, are being used as replacements,
(2) rigorous tests for detecting drift are now
given to all crystals prior to installation.

An improvement in the performance of
clamperystals can be expected for1952, since
more D-358's will be replaced by IN3BA's.
The good job being done by marginal checking
and other preventive -maintenance procedures
in spotting poor crystals also assures that
interruptions due to crystal failures will be
unlikely.

3. CIRCUITS AND

3.22 Other Components

The total number of component replace-
ments during 1951 other than vacuum -tube and
crystal replacements, was 47. Figure 3-b

NUMBER

Fig. 3-6. Failures of Other Components
in WWI During 1951

summarizes the number of failures for dif-
ferent types of components. (It should be noted
that the total numberat the bottom of the first
column represents not the total number of
components in WWI, but only those types of
components inwhich some failures occurred.)
The percentage of failures per thousand hours
for these miscellaneous components is ap-
proximately 0.02, the same figure as for
1950,

A chartof component replacements dur-
ing the past quarter is given in Fig. 3-7.

3.3 FERROMAGNETIC AND
FERROELECTRIC CORES

Summary Reports 24 through 27 contained
discussionsof(l)a scheme for storing digital
information in a three-dimensional array of
magnetic cores, (2) the results of research
work on the individual cores, (3) experimental
operation of a 4-core array, (4) an extension
of the original scheme which results in im-
proved speeds and signal ratios, (5) design
and construction of two 256-core memory
arrays, (6) a magnetic-core matrix switch
for selecting/driving one of the arrays, and
(7) some work on ferroelectric-slab storage
and on Harvard-type stepping registers.

The following paragraphs discuss activity
during the last quarter, including (1) experi-
mental operation of the 256-core metallic ar-
ray, (2) partial results of the work on the
ceramic array and matrix switch, (3) early
experimental results on ferroelectric-slab
storage, and (4) new materials, testing, and
measurement.

COMPONENTS 11

3.3l 16 x 16 Metallic Array

A fair demonstration of the practicability
of the three-dimensional magneticcore mem-
ory scheme has been given by recent suc-
cessful operation of the 16 x 16 metallic ar-
ray. (Fig. 3-8 is a photograph of the array
proper.)

Anarbitraryinformation pattern has been
put into the array. The information in each
successive core has been read and rewritten
at a 40-kec rate, giving an array-scanning
frequency of about 160 cps. The switching
time of each core was about 10 microseconds
using a selecting-current ratio of 2:1. The
worst ONE-ZERO ratio (taken on an ampli-
tude basis at the sensing-time point) was
about4:1. Atestofcurrent-variationmargins
indicated that any one coordinate current
could be varied by more than 10% without
interrupting operation. Partial operation of
the array using 3:1 selecting-current ratios
has also been accomplished; it resulted in a
reduction of core switching time to roughly
5 microseconds.

The array has also been operated with a
moving information pattern (the contents of
one core shifted to the next in turn) at a re-
duced rate and with reduced margins.

Error-free operation for periodsas long
as several hours is highly encouraging inview
of the verylarge variation of characteristics
among the 256 cores and the incomplete state
of development of the logical test equipment
surrounding thearray. It is believed that two
major lines of future effort should be (1) to
constructnew arraysout of cores with great-
er uniformity of characteristics, and (2.} to
remodel or replace surrounding test equip-
me=nt until the legical test setup performs
with a high degree of reliability. A third
line of effort is, of course, aimed at obtain-
ing significant data from the test operation
of the array for use in future design work
and reliability estimates.

3.32 Ceramic Memory Array and
Matrix Switch

A 16 x 16 planar array of small ferrite
memory cores has been constructed. The
electronics for selecting, sensing, and thor-
oughly testing thearray have been assembled,
and work is continuing on the magnetic-core
matrix switch to drive the memory.

There are many as yet unsolved engi-
neering problems in the switch and its cou-
pling to the memory; however, portions of the
memory upto Z2x4 in size have been in oper-
ationdriven by small experimental switches.
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o Total in No. of Hours of
Component Type Service Failures| Operation Cumment_s_ - |
1 52 Mechanical
Capacitors: 0.001 3300 i
Mica mifd 1 7415 Open
Celramic 7-45 200 1 4300 Intermittent
Trimmer mmifd
0.01 .
Bath Tub mfd 75 1 8133 0Qil leak
1 2000-3000 Mixing crystal: excessive
drift
Mixing crystals: 2 change
(] 5000-6000 : = ey -
D-357 7500 in characteristics, 4 drift
stal 3 Mixing crystals: 2 change|
Cryptals 4 |7000-8000 | in characteristics, 1 drift
1 Grid crystal: drift
1 5000-6000 Clamping: drift
D-358 3500 ) Matrix: Change in
l 8000-9000 characteristics
1.8
Megohms 10 1 5319 Change in characteristics
Resistors: 1/2 watt
Carbon 2200
' ohms 175 1 8448 Intermittent open
1 watt
3.3
ohms 50 1 3665 Open
2 watt
Resistors: g;ror?s 50 1 676 Open
Wire-Wound 8 watt
5000
ohms 700 1 4531 Open
B watt
Resistors: 2500
Variable ohms 40 1 3564 Intermittent Open
(Carbon) 2 watt
Toggle Switch SPST 500 1 7953 Intermittent
1:1 600 1 544 Open
3:1 2241 1 8043 Intermittent
Pulse
5:1 1 7494 Open
Transformers | (43 g) 335 3 |8000-9000 | Open
5¢1 .
(193-10) 5 1 8751 Intermittent

Fig. 3-7. Failures of Components in WWI
October 1 - December 31, 1951

e —————— —
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Fig. 3-8. 16 x 16 Metallic-Core Magnetic
Memory Array

Arbitrary patterns of ONE's and ZERO's have
beencycled 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 ac-
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 testby 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 heen 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 evaluationmustbe made
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in comparison with the vacuum tube and the
magnetic core

3.41 Preparation Period

The period from June 1951 to September
1351 was spent in 4 feneral study program.
To provide the frarmiework 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-pointbasis.
The time and labor involved in the process
of taking static characteristics in this way
became prohibitive; therefore a second sys-
tern was devised. This systemn employed a
half-wave rectifier with variable-amplitude
sine-wave input, two or three small batteries,
an oscilloscope, 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-
trber 1 to November 15. The results of this
study are reporied in Engineering Note E-435,
It was found that the large-scale equivalent
circuitdescribed in that report is quite satis-
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 shiftduring the
cycle of operation, so that the static charac-
teristics 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
take place 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
oscillater, 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 withbetter manu-
facturing techniques. The effects of tempera-
ture sensitivity and low power output can be
eliminated in many cases with proper cir-
cuitry. The high noise figure is a great dis-
advantage for small-signal work. Its effects
can be easily reduced in large-signal cir-
cuitry.

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

————r—————
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resistance curve had been made.

3.44 Definition and Measurements of

Parameters

A preliminary definition of the transistor
parameters which seem tobe 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 arediscussed in Engineer-
ing Note E-44]1. 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 tobuild 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
storage tubes with 1024 spots per tube (400-
series) has been completed during this quar-
ter. These tubes are operating at the same
access time as the first bank .[I!a,nk .-‘\;l of
256-spot tubes.

The percentage of good 1024-spot tubes
runs somewhat lower than thatof the previous
production of 300-series 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 [

Operation of the 300-series tubes in Bank
A bas been consistently good, although a total
of 9 tubes have been replaced during this
quarter. Of the tubes replaced, 2 suffered
i loss of high-velocity gun current caused by
an arc-over within the gun structure. Thnis
took place when the operating acceleration
voltage was changed on all tubes from 2000
to 2500 volts. In a third tube, the holding-
gun current deteriorated below a usable value,
and in another tube an intermittent heater-
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 margins., These tubes were in varying
stages cf ion-spot formation, and several had
small 1solated blemishes or non-uniform
collector-to-surface spacings. These five
tubes were not rejected because of complete
failure while in service, but because of rela-
tively low margins during operation with a
newand more severe test program developed
in the course of the installation of the 1024-
spot tubes in Bank B.

The average life of the tubes removed
was 1640 hours, ranging between 160 and 2880
hours. Five of the tubes had also been used
for more than 2000 hours. For the 17 tubes
in Bank A (the seventeenth is a parity-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 less. The tube
with nearly 3600 hours of operation, inciden-
tally, is the first 300-series tube made,
ST305-2, and was installed during December
1950.

During this quarter 16 of the 400-series
prototype tubes have been installed in the

computer These tubes are being operated
at 1024 spots per tube in the second (Bank B)
storage position. The operation margins on
the various gate amplitudes and electrode
voltages are somewhat less than those for
tubes operating at 256 spots. However, the
feasibility of 32 x 32 operation has definitely
been demonstrated, and at the end of this
period Bank B storage was being used for
approximately B0% of the applications pro-
grams.

The 16 tubes in Bank B (the parity-check
digit has not yet been installed) have been
operatinganaverage of 735 hours, with values
between 180 and 910 hours. None of the tubes
has shown any evidence of dark-spot forma-
tion. During the course of the installation
and alignment, however, 8 tubes were re-
placed in Bank B. Since there was a constant
demand for tubes at that time, they were not
all given shelf life before installation in the
computer. Four of the tubes suffered a loss
of emission in one or both guns, and one
developed an intermittent grid-to-cathode
short. The other three tubes were removed
because of low operating margins and non-
uniform spot size, caused in one case bya
loose collector screen. The average life of
the tubes removed was 170 hours.

4.12 Tube Production

During the three 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 storage
tubes but consisted only of a high-velocity
gun with a Philips Type "L' cathode mounted
in a 2-inch glass cylinder approximately 8
inches long. Three tubes were used in re-
search studies at 32 x 32 density, while 38
tubes, designated as research tubes (RT)
because of minor differences in tube geometry
or target structure, were actually400-series
prototype tubes intended for use inthe compu-
ter. In Fig. 4-1 it will be noted that several
tubes of this latter group have been designat-
ed as "marginal tubes for 32 x 32 operation. "
Because the writing requirements over the
surface are not uniform, these tubes have
operating ranges which are considered too
narrow for use in Bank B. However, the
tubes are satisfactory at a 16 x 16 density
and are being used as Bank A replacements.
Of the 38 tubes made for use in the computer,
a total of 8, or 21%, were of this marginal
type. Four of these are known to have failed
at 32 x 32 operation because of an interfer-
ence pattern between the collector and auxili-
ary-collector screens. This pattern occur-
red when an attempt was made to use the

4. ELECTROSTATIC STORAGE 17
g[e-i NUMBER OF TUBRES COMMENTS
oF
| 1 3 4 o
+ ——— + + + —
a2 | T T I TWO QIFFERENT COLLECTOR AND
arl RT-238 | AT-2d% | AT-240 [ AT-241 AUNILIARY - COLLECTOR MESH SiTES
= T = N = = |
08 AT 242 AT-243 -I HE-244 -| wrzas |
. ¥ s
W18 | mr-2eé -[ Rr-24t | pro24s | @1-248 LOOSE COLLECTOR SGREEN
022 RY- 280 AT 25| l ’T-2%% | mrozmy L BT-E54 | WOM-UNIFORN SURFACE

L —_— ==
U L)
12-29f RBT-258 | Ar-2s7 EII’AIII Pur‘lu I AT- 755 |

HEATEHS BURNED OUT

-5 dt-zM Eul 265 | m 258 l AT
'Em 268 AT-269-1 '

299 Em-tu 1\ wearens suanen our

NON - UNIFORM SURFACE
HEATER BURANED OUT
WEAN GUNS

AR INELUSIONS

NON-LNIFORM SURFAGE
HEATER BURNED OUT
AR INCLUSIONS

-

| MEASLES
VARIABLE AUXILIARY -COLLECTOR-TQ
COLLECTOR SPACING

GA5SY

e i
12-3) - T 93-Ri
LEEH

T — ) N
L"' | Gaoo REsEARCH TuBE l T

[ e GOOD TuBt FoR ——
L | 3exs2 oPERATION ar

\FORM SURFACE
THODE SHORT
DARY EMISSION POOR BELOW 100 vOLTS

B

NON - UNIFORM SURFACE
SECONDARY-EMISSION POOR BELOW 100 VOLTS

| VARIABLE BEAM ThHROW

| MARGINAL TUBE FOR
3232 OPERATION

PHILIPS TYPE L CATHODE
RESEARCH TUBE

Fig. 4-1. Storage-tube Production Record

same size of wire mesh for both screens.
The other four tubes had uneven collector-
to-surface spacings or isolated failure points
which were too small to interfere seriously
with 16 x 16 operation.

The figure of 58% good tubes for 32 x 32
operation is lowar than that previously ob-
tained on 300-series production. This is not
felt to be particularly serious or indicative
that tubes storing 1024 spots are appreciably
more difficult to make than those storing 256
spots. Since the causes of failure are known,
it is felt that corrective measures can be
taken which will improve the acceptance fig-
ure. The 40% value for successfully processed
research tubes with Philips "L" cathodes is
not encouraging. Of the 6 which failed, one

had a grid-cathode short and the remaining 5
had their heaters burned out during process-
ing.

4. 13 Research

As mentioned in Summary Report 27,
two research tubes were made to investigate
the effect of the size of the auxiliary-collector
meshon tube performance. A slightimprove-
ment in spot interaction was obtained in the
guadrants having a 70-mesh auxiliary collec-
tor instead of the 40-mesh which had pre-
vipusly been used. In all other respects the
70-mesh quadrant appeared to be normal.
However, when tubes were made having both
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70-mesh collector and auxiliary-collector
screens, an interference pattern was pro-
duced whichwas severe enough to give a non-
uniform array of spots. The distribution of
spot size over the surface was not sufficiently
well defined to suggest a moire effect, and
the interference lines did not show up on a
television-type display unless the holding-
gun was turned off and a relatively intense
scanning beam was used. As a result, 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 quarter, 3 were satis-
factory for 32 x 32 use in the computer, 5
were rejected for other reasons, and the
other 4 have been assigned as replacements
for Bank A. Future tubes will use 40-mesh
auxiliary-collector screens of a different
orientation between screens to avoid any in-
terference.

During this period two tubes were made
using a conductive coating of stannic oxide
in place of the aquadag. Although the pres-
sures observed during processing and sub-
sequent tests were less by a factor of 10 than
those of previous tubes, two things took place
which may be serious enough to discourage
further use of the new coating. First, there
was difficulty in getting normal emission
from both electron guns; second, the second-
ary-emission characteristics of the surfaces
were very poor below 100 volts primary

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

The four tubes with Philips "L'" cathodes
whichhave been satisfactorily processed have
shown promising results on life tests. They
are being aged at 5-8 watts heater power
input, this being sufficient to give 50 to 100
microamperes beam current from a standard
5UP gun structure. The two most striking
characteristics of these cathodes compared
tothe oxide-coated type is their constantlevel
of emission as a function of duty cycle and
their complete freedom from loss of emission
when the grid is pulsed positive with respect
to the cathode by as much as 50 volts. 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 processing, no Type "L"
cathodes have yet been placed in storage
tubes. The research will be continued, how-
ever, as improvements in the heater struc-
ture and processing techniquesare expected.

Life testing of the first 400-series pro-
totype tube has now extended to 3500 hours
with no trace of dark-spot formation. It is
safe to assume that this factor will not place
an upper limit upon the life of storage tubes.

5. INPUT-OUTPUT

5.1 MAGNETIC TAPE

The temporary magnetic-tape setup men-
tioned in Summary Report 27 has been found
to operate quite satisfactorily. The tempo-
rary system is still connected with the com-
puter. It is being tested with various modes
of operation, and it is sometimes used with
the computer on application problems. In
this way the systemcan be employed foruse-
ful computation, and at the same time provide
performancedata and serve to acquaint oper-
ators with the programming problems.

Using the results obtained in the testing
of the temporary setup, the design of the
equipment for the final system is being car-
ried out. The final magnetic-tape system
will work with the in-out control described
in Summary Report 26. The decision to group

the magnetic-tape heads in pairs to reduce ’

difficulties with tape blemish will be applied
to the final system, and this has necessitated
a few superficial changes in the design of
in-out control.

The computer, by setting up the in-out
switch, will be able to select one of four tape
units and todrive iteither forwardor reverse
and to select the mode of operation. The
three possible modes of operation are read,
record, and re-record. The re-record mode
is one in which a portion of the inférmation
in a previously recorded tape is replaced.
This mode involves both reading and record-
ing -- readingto locate the desired position,
and recording to insert the new information.

The information is put on the tape in
blocks ofa length determined by the computer,
with the spaces between blocks long enough
to allow the tape to stop -- about 0.2 inch.
The blocks are made up of lines of informa -
tion across the tape. These lines are spaced
at a maximum density of 100 per inch. Be-
cause of the grouping of the 6 heads into 3
pairs, there are effectively only 3 channels
across the tape. Two of these channels are
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 informationin the other two channels.
Thus 8 lines along the tape are needed to
record one lb-binary-digit computer word.
The words are split up during recording and
assembled during reading by in-out control,
so that the programmer does not have to ar-
range for these operations. The programmer
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 correctly

During a recording operation, a special
character -- called a block mark -- is auto-
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 arranged to
detect a block mark and activate the reading
circuits. This feature along with others al-
lows the computer toc keep track of the loca-
tion of information on the tape by reading
only one line in a block and counting it, with-
out having to spend time reading all of the
informationin eachblock, The block mark is
also used during the re-record operation to
trigger the circuits from the reading to the
recording mode at the proper time. The fact
that a block mark must be detected in order
to activate the reading circuits makes it pos-
sible to startthe tape in the middle of a block
of information without getting into trouble.

5.2 MAGNETIC DRUMS

Two magnetic-drum systems are being
constructed by Engineering Research Associ-
ates of St. Paul for use with the Whirlwind
computer. These have been designated as
the auxiliary-storage drum system and the
buffer-storage drum system. A brief de-
scription of this equipment was given in Sum-
mary Report 26.

The auxiliary-storage drum is to be used
as a large-capacity storage to supplement
the high-speed electrostatic storage in the
computer. This drum is designed to have
2048 registers around its circumference and
to have 12 groups of 16 heads. This arrange-
ment provides a total capacity of 24,576
lb6-digit registers. It will be used for stor-
age both of numerical data and of computer
subprograms. The system will be connected
sothat transfers of information can take place
only between the drum and electrostatic stor-
age. These transfers will take place by way
of the in-out register and will involve use of
the in-out switch and the in-out control. This
method of integration was chosen becuuse it
permits the most straightforward design.
However, the addition of more elaborate con-
trol featuresat a later date is not precluded.

Severalmodes of operation for this equip-
ment are being planned. These are described
in some detail in Memorandum M4358. Basi-
cally, they provide a programmer with a
choice of either single-word or block trans-
fers and of various methods for specifying
the drum registers to be referred to. For
single-word transfers an average wait-time
of 8 milliseconds will be necessary in order
to locate the desired drum address. For
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block transfers a similar wait time will be
necessary to locate the address of the first
word in the block, but succeeding words will
be handled at intervals of 64 microseconds,
whichis nearly the maximum operating speed
of electrostatic storage.

The buffer-storage drum is to be used
for temporary storage of data which is being
communicated between the computer and cer-
tain special types of terminal equipment.
Principally, it is to be utilized where input
datais arriving in a randomand asynchronous
manner from many sources. In order to
handle data of this type without the use of
some such buffer storage, it would be neces-
sary for the computer tobe ready atall times
to receive each piece of data and store it in
electrostatic storage. The buffer drum will
accumulate data of this sort so that it will be
necessary only for the computer to remove
the information atrelatively infrequent inter-
vals and at points in the computer program
where such data transfer is convenient. Spe-
cial dual heads on the buffer drum will be
used to control the recording processes and
insure that new data is not recorded in regis-
ters containing information whichhas not been
extracted by the computer. Transfers be-
tween the buffer drum and the computer may
be done either in blocks of words or a single
word at a time in manners similar to those
used with the auxiliary-storage drum.

The use of dual heads onthe buffer drum

offers additional possibilities in communicat-
ing information between the computer and
various slow-speed terminal-equipment de-
vices such as typewriters and punched-tape
equipment. The information may be trans-
ferred between the computer and the drum at
the high speed of electrostatic storage and
between the drum and the terminal equipment
at the necessary low speeds.

The two magnetic-drum systems will be
constructed in separate units and will utilize
the type of plug-in construction which is
standard for ERA design. Filament power
for the equipment will be supplied from the
WWI computer buses and therefore will be
cycled on and off slowly along with the rest
of the computer. Thenecessary d-c voltages
will be obtained from special motor-genera-
tor sets and voltage-regulator circuits fur-
nished with the equipment. However, the
wiring for distribution of this d-c power is
being planned so that the marginal-checking
facilities of the computer can be applied to
the drum systems.

Present schedules call for shipment of
the drum systems during the last quarter of
1952. Installation of power wiring, video
cables, and control circuits for tying the
systems to the computer is being planned
so that integration with the computer can be
accomplished without delay after the units
arrive.

- S EEE—

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
fixed-point number system with which the
Whirlwind 1 computer is designed to operate
15 a limitation which musi be overcome by
programming. The sixteen binary digits
(one of which is a sign digit) which make up
a normal number inthe computerare equiva-
lent to fourand a half decimal digits with sign.
Thus an arbitrary number may have to be
increased or decreased by as much as | part
in 65,536 when it is rounded off to fit inte
the standard register length. The fixed-point
logic requires that care be taken in planning
the computation to insure that all numbers be
less than unity in magnitude. Therefore (1)
the upper bounds of the magnitudes of all
variables must be known at least approxi-
mately,and (2) quantities which would normal -
ly be greater than one must be premultiplied
by some number, usually a negative power
of two, to make them smaller than one
Further difficulties are encountered when
variables grow small, and particularly when
they pass through zero, during the computa-
tion, because in this event the number of
significant digits may diminish far below the
number of actual digits being carried unless
further care is exercised.

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 limitations.
There were numerous reasons for this de-
cision, the most important of which are the
following:

(1) No real limitation is imposed, be-
cause more precision (i. e. more digits)
and/or a floating point(i.e. no restriction on
magnitude and no unavoidable loss of signifi-
cant digits) can both be provided by proper
programming, using subroutines, with no
greater difficulty than if the computer had
been designed to handle longer, floating-
point numbers.

(2) Use of short, fixed-point registers
together with a single-address instruction
code permits by far the most efficient use
of total storage capacity and the greatest sim-
plicity of design and construction ina machine
intendedin partfor control applications. This
is true because high speed and low precision

are characteristic of the needs of most con-
trol problems. The high speed necessilales
a parallel machine, so that extra digits in a
number mean extra equipment.

(3) Fixed-point arithmeticis virtually a
necessity in any problems inwhich extensive
logical operations are performed or in which
the instructions of the program are modified
arithmetically. A stiictly floating point would
be somewhat more complicated designwise
and considerably less convenient in practise,
because it is more difficult to fix a floating
point than to float a fixed point by program-
mlng.

(4) Many scientific and engineering prob-
lems, as well as most control problems, re-
quire high precision only at certain critical
stages if at all; and almost all problems in-
volve some logical functions (if only to keep
track of the arithmetic steps} in which long
numbers are not needed. For efficient use
of storage, numbers which require only a few
digits should be stored in as short a register
as possible. Since control applications re-
quire high-speed operations on short num-
bers, it is more sensible to combine two
short registers by programming when neces-
sary than to halve a long one. The alterna-
tive, namely the optional short-or-long sys-
tem used by Wilkes, is difficult to mechanize
in a parallel computer but appears to have
advantages.

The recent availability of 1024 registers
of electrostatic storage has, for the first
tine, made feasible the undertaking of exten-
sive calculations which require either extra
precision (above the 16 binary digits normal-
ly used) or floating point or both.

In the Whirlwind I Subroutine Library
there are alreadyin use several interpretive
routines for performing programmed arith-
metic. The name programmed arithmetic
has been applied to all types of arithmetic
different from the real-number, fixed-point,
15-binary-digit, less-than-one-in-magnitude
system built into the Whirlwind [ computer.
The specifications, as given in the Subroutine
Library, of the most popular of the extra-
precision floating-point subroutines is re-
produced in Fig. 6-1. Using this subroutine,
one can program a 7-decimal-digit floating-
point computation just as easily, and in fact
in almost exactly the same way, as one can
program the 4-1/2-decimal-digit fixed-point
computations ordinarily performed on WWIL.
The average floating-point extra-precision
programis likely to take about 25 times as long
to performas its fixed-point counterpart and
requires ordinarily somewhat less than twice
the number of storage registers.

A detailed analysis of the advantages of
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Specifications of WHIELWIND I LIBRARY SUBROTIINE Nuaber Pi 2

Title; Extra-Precision and Fleating-Polint Usal Fumber Arithmetis, using
Zeragister 24,6,0 Numbers; Basic Tostrustion Code with Divisiom,
INTERPRETIVE

Total Number of Registers Docupled by the Subroutine, 204 wtorage registers

Temporary Storage Registers Reguired by the Subroutine; mno  temporary regs.

Time Bequired to Perform the Subroutice averags = 50s MWW operations
maximm = TEs WNL cparsticns

‘pu intarpretad opsrstion; ses page 4 for detaile

Prasst Paramsters (Valuss %o be indicated in tups title lime)
z | pl: N = address asaigoed to the initial register of the subroutine
z2 | pki k = separation beatween registers sssigned to eech 2-register number

Description

This ioterpretive subroutine, when called intc mctiom, takse lmatructioms
{mre strictly, program par T written ae instructions) one at & time from
eonsecutive storage registers and performs the designated single-address opera=
tions defined by the imterpreted-instructicn oode giver on page 4. Thess cpera-
tious ere primarily arithoetical operstions performed on real pumbers represenmted
in the 24,6,0 system. Each mumber is stored in some multiple-reglster locatiom
o consisting of the pair of registers n and n+k, whers n is the address of the
given location and k is determined by praset parameter x2.

The £4,6,0 oumber s m recresents any real numbar N, provided that

sither ¥=0 or 2 =mlwle2 » %8 u signed 24-bipary~digit fraction x and n sigoed
S-bimary-digit integer y, where 1 and y are chosen in such u way that sither

30 o I>x>.5 and that (1 - 2255 <25, Thus the mumber pair x,y reprossuts
N to within3 N 000006%, equivalenmt to about 7 significant decimal digits, The
sign and first 15 digits of z ccoupy one register while the uign mnd € digits

of ¥ and the last § digits of x cocupy the second reagister of the pair mssipgned to
contain the mmber §. Details of this and other number systems are available
slsswhara.

A mitiple-ragister acoumulator (MRA) is used in plece of the AC in many
interpratad operations. ] ® not a special register as is the AC but
rather is & group of 3 ordinary storags registars contained within the imter-
pretive subroutine, speoifioally registera 2r,3r, and 4r. Even though only 2
ragigters ars neodsd to comtain m 24,6,0 number, 3 registers are used for the
MAA to avoid the time-consuming operstion of psokiog the last 9 digits of the
pumber and the sign and & digite of the expoment together intc one raginter
aftar sach pretsd imstruction. A further sdvantage is gained in that amy
seguense of arithretis cperaticos performed using 30 digits for the nimber
snd 15 di for the expoosnt. This provides im effect m 30,15,0 system. The
24 and 6 limitation is imposed only when necessary, namsly on Ts and X opara-
tions. Thus greatsr range and grester precision are available Tn weqiences of
srithmetic opersticns than the !4.“0 systen would normally allow.

LATD I LIBAALY SUBROUIINE Yumber PA 2.2 Pape 3

Spesifications of

Allocation of storage locations to the nacessary Z-ragisier r
(both for =ain program the subroutines), temporary storage, the
progra=, the subroutinces, and the interpretive subroutine PA 2.2 must st pressot
follow a rather rule bscauss cf the input conversion procedures our-
rently in use. scheme tc be followed is shown diagramatically below, with
decimal addresses used throughout. Nolice that para=eter X 15 at present assigned
the wvalue 852 in all programs.

Humbers designated Starage

by prograsmer registers Commmts

address at start of main

program, usually 32. program {:r.e sssignments to condecutive locatioms
2-register of the resister constants needed by
nusbers, ind ual gubroutines is handled suto-
lat halves A matically by the conversion programe

/| The oumber of locations needsd is the
subroutine ’ sum of the nusbers nesdsd by individual
| subroutines.

parametor x2.

[the number of temporary locations peeded
| is the maxi=e of the numbers needed by

»
1st halves

addresa of start of temparary | | the mmin program and the subroutines.
temporary storage = storage, Hote t all locetions are 2-register
parametar U lst halves locatlons. For l-register temporary
— storage, both halves of any 2-repister
main location n may be used by refsrring to
program ot for the first hall and to moex? for

2-registar tha second half.
&

M'
20d halves \{Mdnu of 2nd half of last main program

rpsber must be leas than 530.

address of start of
=ain program and of
esach subroutine and
address of first in-

:t.rul:‘.mn S0: biipar- | address of last word of last subroutine
forsed st DS, must be less than 704,
indicated
space available for prist subroutine
or 102.1
address of start of interpretive

interpretive subrout- *| subroutine
8§52 = parameter x

Spenifications of WHIELWIKD I LIBHARY SUBROUTIRE jumber PA Pags 2

Zth digit of the mm
= -
4,5,0 ounbers, ¥.2

The roundoff srror on ad and su 1s mads

before it T5 scale-Tactorsd. That ls, In adding any
| 1 ‘-"hl-‘.b. =
w:

= u.2""%, whers z ia

o 2

ta 1.2)‘, madizmdng 1 y the gum obtained is

(v + xi2f Mz —._4] 5

hosen in such s way that

The roundoff in mr is mads in the
Tha roundoff in ¥v is made in the 2
The roundoff in Fr and ex (l.s. in packi
'4,6,0 form) i of course made in The 25th digit,
than =63, the valus <63 L= =ul

bacaute of aTtonds rn.mo n]mmd wit
intarpreted program unless the contents r_"
" X operation has an expoment y ~63, 1 case an overflow alarm
ra at reglster 203r during the interpretation of the ts or ox opera-
if x= 0, If during an arithmetic operation the sxponent coedn
the botunds 3151'-‘2'”'
30r, 175r or 176r.

» an ovearflow alarm will ococur at rerister Zdr, 86r,

Butry to and ex from the subroutine is accomplished by means of the
The f instrustion in a ras (= always performed in
the Whirlwind code. lr'-nn 24,6,0 operationz ara r trans ferred
to the subroutine by spax, x being paramatar which apecifies the location
of the subrou r the lirst spax are ‘h-n par formed
in the interp
desirsd, centrel is transferred back to
ks given a s.aerm] retation by the s
formed in the 7

eded, control 1

Whirlw :ﬂ-cx

converted fo 24,6,0 form
than 1,0 and not
eating

written in t
at most B decimal

the oumber 300, whi

the number .0Lm, h equala 31415927 x 10~ is wroiten

the mumber -1/128, which equals -.78125

Alternatively y mmber may be comverted t
hand and written as 2 dard aingle length ootal
converting by hand is deseribed slsewhere.

Nusber FA 2.2 Page 4

ted instrucgt s given below. The
same Dinary Imnd instructions.
+ typed c_hi wcm-\r ed in the same way ms Whiriwind instrue-

0 form \:,r the 32 binary digits
The term ® registor o¥ is nsed to
ures in parestheses give the mumber of Whirl-
the indicatad instructionms.

Punction
ea o (3B) Olear the MREA-and add into it the mmber in 1 100 ..
es = 3E) flear the WIA ard subtract from {t the nusber im lcowtiom o.
cmn (37) Cloar the ¥RA and adé into it the oapnitude of the nusber ino
weation B
ad n (72) Add the number in the MEA to the number in lccation n and leave
he sum 18 the MRA.
sun (76} Subtract from the pumber in the MREA the pumber in location m

and lesve the difference in the MAA.

ply the nusher in the MHA by the number in losation m and
laave the product io the MEA.

dr n (74) Divide tne pumber in the MEA by the pumber inm lceation & snd lewrs
the gquotient in the MRA.
te n (48) Transfer the pumber in the MEA to location m.

ex n (48} Bxchagge the musber in the MEA with the mumbers in location =.

ep m (25) t pext the instructiom im register m (unless = = ax, in
5 case transfer comtrol to the register following the one
which oontains the spax so that the instruetion following the
spax is performed uSing the Whirlwind code).

1f the contents of tha UEA ia a pepative mmber, prooesd as in
sp o sbove; if positive, ignore this instructiom.

it positiona of
ons unchanged;
nterpreted sp or

ta s (22) Transfor the address p + 1 imto the r
register m, leaving the left 5 digit pnl
P being the addresz of the most recently i
offsctive cp operstion.

Fig. 6-1, Specimen Subroutine Specifications

The term "number in locatiom o

72

9
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various real-number systermns will be given
in the next Summary Report. At that lime a
detailed explanation of the functions of an
interpretive subroutine will be given, com-
plete withexamples of how they work and how
they are used.

6.2 PROBLEMS OF GENERAL INTEREST

Outlines of four of the more important
problems wunder study on the Whirlwind 1
computer are given in the succeeding sec-
ticns. Only the first of these is being pur-
sued entirely by Digital Computer Laboratorv
personnel, Work on the other three is being
performed in large part by the originators of
the problems.

6.21 Non-Linear Parabolic Fartial
Differential Equations (Study of
Magnetic Flux Density)

Numerical solutions have been obtained
for the non-linear partial differential equation

2
;H-ég-@.—: o
ax?_ gt

with boundary conditions
Hixg,t) = H(=xg.t) = 0 and H(x,0) = 0,

as mentioned in Summary Reports 24 and 26.
The method chosenwas one thatapproximated
the differential equation by a six-point dif-
ference equation.

The firstset of results obtained approxi-
mated the f(H) curve by three straight lines.
Calculations were carried outfor three values
of the time interval at,; the space interval ax
was kept fixed. The values chosen for gt
were guided by the stability studies for the
linear case, as described in Summary Report
26. The results at corresponding grid points
of the x, t plane were found to differ by a
verylarge amount, indicating thatthe numeri-
cal solution was not converging to the time
solution as At was made smaller. However,
very littleis actually known about the unique-
ness or even the existence of the solution of
the differential equation with this choice of
f(H), which has physically unrealistic dis-
continuities in its first derivative.

A second approximation was then intro-
duced for the f(H) curve, keeping the first

derivative gﬁ continuous. Results wereagain

obtained for three values of At keeping ax
fixed. This time the results atcorresponding

grid points showed some agreement, but
trials at values of At small enpugh to avoid
oscillations were limited by the fact that the
corresponding changes in calculated values
became too small for the number of digits
being carried, so that the difference equation
solution leveled off erroneously. The pro-
gramsarenow being revised to carry out the
calculations with a double-length precision
of 30 binary digits.

b.22 Transcendental Equations
[Optical Constants of Thin
Metal Deposits)

In connection with the study started some
time ago by Dr. A.L. Loeb in the MIT Depart-
ment of Chemistrv (see Sections 6.4 of Sum-
mary Report 26 and 6.12 of Summary Report
24), several new programs have been writ-
ten. In this problem the optical constants
(that is, the index of refraction and the coef-
ficient of absorption) to be calculated are
transcendental functions of the measured re-
flection and transmission ratios.

As a preliminary step, the problem was
originally programmed to calculate the re-
flectionand transmission from assumed val-
ues for the optical constants. These assumed
values were then changed manually until the
calculated values of the reflection and trans-
mission ratios, displayed on the oscilloscope,
agreed with the measured ones.

This program is being revised to elimi-
nate the manual interference by including the
iteration necessary to obtain the desired re-
sults, which can then be printed directly. A
further revision will take into account the
reflection of radiation incident on the backing.

Another program has been written to
compute the conductivity as a function of
thickness. at various wave lengths, from a
measured transmission value under the as-
sumption that the dielectric constant of the
metal examined is equal to that of air.

b.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 Electronics at MIT
is now attempting to develop a theory to ex-
plain the various experimental results 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 attempt to find empirical
solutions The problem has been coded by
Arnold Simmel and Dr. Luce of the Group
Networks Laboratory, with the aid of J. W
Carr of the Whirlwind staff.

The problem may be stated as follows:
experiments have been made on the com-
munication behavior of five-man teams, who
pass discrete pieces of information step-by-
step within the team, until all information
becomes common knowledge. The number of
steps taken to arrive at the "common-knowl-
edge' condition, with the same initial condi-
tions, is recorded in each experiment. A
first assumptionto be tested on the computer
15 that the passage of information obeys sim -
ple laws of probability. This can be tested
by having the computer play the part of all
five men and make repeated experiments
using purely random choice of communication
paths. The results of the computer trials
can then be compared with experimental re-
sults to see if the same distributions are ob-
tained

The passage of information in discrete
steps is represented in Whirlwind by Boolean
matrices, with elements of value only one
and zero, whose multiplication under a pe-
culiar Boolean condition represents adiscrete
time step during the communication experi-
ment, The machine, with the aid of random
numbers introduced from secondary storage
(for the moment, perforated paper tape is be-
ing used), simulates the equi-probable choices
of path for information passage required
by the simplesttheory. The number of matrix
multiplications (discrete time steps) neces-
sary for the common-knowledge condition to
occuris tabulated internally by the computer,
and after a preassigned number of machine
""experiments' the total number of limes that
each specific number of steps has been re-
quired is printed out.

S0 far, the program for the problem has
been written and 15 under test for various
network configurations for which answers
are known. After a thorough checking of
such known solutions, actual performance of
the problem with the random numbers will
be attempted.

The present intention is next to expand
the program from the present equi-probabili-
ty condition to ones involving conditional
probabilities, since the present theory of
communication groups is based to a large
extent on such relationships. If the problem
can be carried to its conclusion, itis pos-
sible that a complete theory of the behavior
of such cornmunications groups will have been
constructed for the first time.

6.24 Approximation of Curves hy 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 characters an
a4 standard perforated tape. By directing the
milling machine through a suitable sequence
of straight line cuts it is possible to make
any desired straight or curvéd cut in the
metal, accurate 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 whatis nowan expensive, time -
consuming, and highly skilled manual opera-
tion.

The specifications of a given surface
must be reduced to a sequence of straight
lines to be traversed by the center of the cut-
ting head, making allowance for the dimen-
sions of the tool. These straight line cuts
must then be expressed in the code required
by the controlling serve. Since the inception
of the digitally controlled milling machine
project, it has been assumed that these cal-
culations could be carried out most satisfac-
torily on a large digital computer. Recentiy
a member of the staff of the Servomechanisms
Laboratory, with the aid of Digital Computer
Laboratory personnel, has undertaken the
programming of the first phases of this prob-
lem. Successful programs have been obtained
for the generation of straight and circular
cutting instructions as well as for the routine
task of translating control tapes prepared
decimally by hand on Flexowriter equipment
to the proper coded form used by the control
device. More complicated two- and three-
dimensional cuts will be programmed 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 certain topic or combina-
tion of topics. During recentyears consider-
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able success has been achieved in reducing
information-searching operations to routines
thatcan be performed with the aid of mechani-
cal devices, such as punched-card sorters
and microfilm scanners. It seems unlikely,
however, thatthese devices will prove entire-
ly satisfactory for large files of information

The development of electronic digital com-
puting equipmenthas created new possibilities
for high-speed performance of routine search-
ing operations.

This article presents inhighly condensed
and simplified form the results of a Master's
thesis entitled, "Electronic Digital Machines
for High-Speed Information Searching,' pre-
sented to the Department of Electrical 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
search by machine for a given subject will
direct attention to all pertinent documents
while rejecting nearly all those documents
which are not of immediate interest. It is
desirable to be able to locate documents in a
file by specifying a set of defining topics or
index terms. It is further desirable to be
permitted to express these criteria in a logi-
cal equation, so that, for example, a docu-
ment related to topic A, as well as to either
topic B or C, will be located. For collec-
tions of documents numbering less than about
300,000, this selection process can be ac-
complished by the use of punched cards and
IBM's new electronic card sorter, or by
ERA's microfilm Rapid Selector. For col-
lections numbering in the millions, it is evi-
dent that very much higher-speed techniques
must be employed.

With modern electronic digital comput-
ers, searching operations can be expressed
in terms of a series of successive checks for
identity supplemented by a systematic method
of keeping a record of the intermediate re-
sults. A study of the applicability of the gen-
eral-purpose digital computer made it evi-
dent, however, that certain medifications
would make the computer more suitable for
information searching

The study revealed that for a search of
average complexity, in which the machine is
required to scanan encoded index of the form
already mentioned (allowing about 900 binary
digits to indexa documentcompletely), Whirl-
wind in its present form would take about 3
seconds to scan the indexentries for a single
document. By endowing the computing ele-
ment of the machine with the ability to per-
form certain special orders, it might be pos-
sible to reduce the time for searchinga single
index block by a few tenths of a second -- but
no more. At this rate, 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 per-
formed with a much smaller percentage of
time consumed in transferring and storing
intermediate results. If Whirlwind were re-
wired with the intention of using it for infor-
mation searching, the time required to scan
a block of index entires 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 1s to achieve the highest
possible speed in identifying operations, 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 simpler in de-
sign than a rewired general-purpose digital
computer and would scan and select much
more efficiently. All criteria used to de-
fine a search could be checked simultaneous-
ly against each index entry being scanned.
The coded index information would be stored
on sorae semi-permanent medium such as
magnetic tape. The machine would scan the
coded entries, and copy and print the serial
number of the selected documents. It is
estimated that such a machine could scan a
magnetic-tape index to about 5 million docu-
ments an hour, the physical limitations on
tape speed being the governing factor in the
over-all searching rate.

Intuitively one feels that there must be
a less cumbersomeapproach to the informa-
tion-retrieval problem than that of scanning
the entire index, An idea worthy of further
study recently suggested by a member of
this Laboratory is a scheme of successive
binary selection, making successively one of
two choices, guided by the successive binary
digits in a binary number. The binary num-
ber in this case would be the number con-
structed by assembling in some manner the
binary-coded forms of index terms defining
the search. There presumably could be a
multiplicity of different binary numbers which
would lead to the location of the same docu-
ment,

It is an important fact to remember that
the availability of any machine for information
searching cannot of itself solve the informa-
tion-searching problem. A major invest-
ment would have to be made for encoding any
large file of information before machine
searching would be possible.

In addition to the detailed coverage of
what has been summarized here, the thesis
report (issued as report R-200) includesat
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 microfilm. (An exhaustive bibliography
concerning punched cards is given in Casey,
R.S., and Perry, J.W., Punched Cards,
Their Application to Science and Industry.)
Since the thesis report was prepared with
the cooperation of several individuals experi-
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 q
A series of seminars has been organized
to discuss numerical methods. Approximat-

ing polynomials, methods of matrix inver-
sion, and certain topics in the numerical
solution of partial differential equations have
been discussed. Among the topics planned
for the near future are:

1. Convergence and stability studies
for parabolic and hyperbolic par-
tial differential equations

2. Study of the use of characteristics
in solving hyperbolic partial dif-
ferential equations

3. Study and comparison of iterative,
relaxation, and kernal function
procedures in the theory of elliptic
partial differential equations.

Interested members of the MIT faculty and
others outside the Digital Computer Labora-
tory have been invited and are attending and
participating.
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No. of
7. APPENDIX No. Title Pages Date Author
E-439 Location of Operations dm (gm) and C.W. Adams
7.1 REPORTS AND PUBLICATIONS <l (gl); Permanent Operation ex 2 12-20-51 R.P. Mayer
Project Whirlwind technical reports and memorandums are routinely distributed to only a . " ' i
restricted group who are known to have a particular interest in the Proje)::l.. Other people \:ho M-1280 T Us.c SRR For Datening WAL 3 9-20-51 R.A. Maglio
need information on specific phases of the work may obtain copies of individual reports by Coating ” itdy DY
E\::::fi;;;;l;%stt;t:si:gu(:;tl::loctor. AL Computer Taboratory, 811 Hassschuss s Avenie, M- 1284 Method of Preparing Subroutines for J.W. Carr
The following reports and memorandums were among those issued during the fourth the Subroutine Librazy 16 el I, Gtamare
quarter of 1951, . ) )
M-1303 Possible Uses of a Magnetic Drum with
No. of the Library of Subroutines 3 10-22-51 J. W. Carr
No. i 2
et 2. L Pato Author M-1304 Progress on Subroutine Library 11 10-23-51 J. W. Carr
R-197 The Gate and Delay Unit (Test Equip- R.R. Rathbone
ment Booklet No. 9) 8 9-1-51 R.L. Rest M-1311 Conversion of the WWI Flip-Flop to
D-C Coupling b 10-25-51 F. Irish
R-199 The Digital Computer Laboratory 4 9-10-51
M-1316 Order-by-Order Print-Out 2 11-2-51 J.W. Carr
R-200 Electronic Digital Machines for High-
Speed Information Searching. M-1317 Summary of WWI Component Failure
M.S. Thesis (Abstract in E-433) 133 11-1-51 P.R. Bagley Analysis During September, October,
1951 3 11-21-51 B. Paine
R-201 Applications and Procedures for the
Whirlwind I Computer 16 11-1-51 C.W. Adams M-1323 Proposed Addition of a Parity Checking
Arrangement to the Final Paper Tape
E-403 Television Demonstration Unit, Part I 11 9-.20-51 M.F. Mann Input Equipment 5 11-6-51 F.E. Heart
E-422 Rectangular-Loop Magnetic Core M-1328 Flexowriter Tape Comparer 2 11-16-51 J.W. Carr
Materials B 9-4-51 W.N. Papian
M-1337 Use of the Interim Tape Equipment 12 11-27-51 F.E. Heart
E-428 Proposed New Order dm (gqm), Dif- ’
ference of Magnitudes 3 10-5-51 R.P. Mayer M-1350 Operational Procedure on the Whirl-
wind Computer 7 12-10-51 J.T. Gilmore
E-429 Proposed New Order cl (gc), Cycle
Left 4 10-8-51 R.P. Mayer M-1358 Operation of Magnetic Drums with
WWI 15 12-27-51 E.S. Rich
E-430 Order 3f, Proposed Modification
Involving AR -8~
# ! 10-8-51 RF: Maper 7.2 PROFESSIONAL SOCIETY PAPERS Mr. W.W. Davis, Mr. D.C. Friedman,
E-431 500-Volt Power Supplies Used in the Mr. J. H. Wright, Mr. A. W. Holt of the
Whirlwind Computer 26 10-17-51 W.J. Nolan Three members of the Laboratory staff MNational Bureau of Standards. )
took part in the program of the Joint AIEE - Dr. V.D. Noe of Stanford Research Insti-
E-432 A Study of the Holding Beam in the IRE Conference held in Philadelphia Decem- tute, who discussed transistors.
MIT Storage Tube (Abstract of ber 10-12. Jay W. Forrester presented a Mr. B, V. Bowden and Mr. J.M. Bennett
R-198, a Master's Thesis) 2 10-24-51 1.0. Ely paper entitled "Digital Computers - Present of Ferranti Electric, !.ftd.. Iand Mr. T. Kil-
and Future Trends." R.R. Everett and N.H. burn of Manchester University, England.
E-434 Burroughs Test Equipment 7 10-31-51 R.L. Best Taylor spoke on'"The Whirlwind I Computer." Mr. S.M. Rubens of Enginecring Re-
W.K. Linvill's paper '"Sampled-Data Con- search Associates, Inc., whodiscussed mag-
E-435 Study of a Transistor Blocking 4., Beawn trol S)fstemsla Studied Ilhrough Comp.arison of netic-core storage and magnetic measuring.
Oscillator 7 11-23-51 £ .. Jacobs Sampling with Amplitude Modulation" was . Mr. J.K. Galt of Bell Telephone Labora-
N.T. Jones published in the AIEE Transactions, Vol. 70, tories. o
E-436 Bibliography on Components and 1951. 4 dDr, E.G;:lber;-é-chonl?erg Iar;ld 1:1.1-. C I_.a
i i ; nyder o neral Ceramics, who discusse
Circuit Fabrication Techniques 23 12-19-51 B. Paine developmentand procurement of rectangular-
E-437 Procedure for Fabricating Delay 7.3 VISITORS loop magnetic fer_ntes,
Lines from Bulk Cable 5 11-29-51  J.S. Hanson . SieL Boh, SOk gut Me: N-E: Bordbuey
During the past quarter the Laboratory of Consolidated Engineering Corporation.
E-438 Binary Counting with Magnetic Cores 18 12-21-51 D.A. Buck has had among its visitors the following: Professor W.W. Soroka of the University

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

of California, Berkely, California, who was
interested in instruction inthe designand use




APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

30 7. APPENDIX

of computing machines.

Mr. Edgar Reich of Rand Corporation.

Dr. O. Whitby, Stanford Research Insti-
tute, who discussed magnetic-tape input and
output.

Captain M.5. McDowell of the U.S.A.F.
Research and Development Command.

Me. Peter Prentky and Mr. Francis V.
Alla of the Raytheon Computer Project, who
discussed stabilization of filament wvoltage
and cycling of filament voltage.

Mr. D.R. Young of International Business
Machines Corporation

Mr. E.J. Smith of Brooklyn Polytechnic
Institute, who discussed magnetic amplifiers.

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

Mr. H.T. Larson of Hughes Aircraft,
who was interested in the progress of mag-
netic-core storage.

Professor Sanai Mito of Harvard, and
Dr. Kenichi Owaki of the Kobe Kogyo Corpo-
ration.

Mr. L. S, Pelfrey and Mr. G.R. Spencer
of Raytheon who discussed transistors and
transistor characteristics for computer work.

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

Eckert-Mauchly Computer Corporation, who
were interested in magnetic-core storage

Mr. L.P. Tabor and Mr. E.S. Krendel
of the Franklin Institute, who were interested
in using Whirlwind 1.

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

Mr. W.E, Buescher, Materials Control
Engineer, and Mr. C.A. Peterson of Sylvania
Electrical Products, Inc., who discussed
methods of measuring cathode interface re-
sistance

Mr. W.E. Elliott of Elliott Brothers,
England, and Mr. H.J. Crawley of National
Researchand Development Corporation, Eng-
land.

Mr. R.G. Counihan of International Busi-
ness Machines Corporation, who discussed
magnetic cores and magnetic storage.

Mr. B.H. Geyer, Jr., Mr. C.D. Cock-
burn, and Mr. W.D. Novak of General Elec-
tric.

Mr. R.L. Sisson and Mr. H.H. Sarkis-
sian, Director of Applied Research, Com-
puter Research Corporation, who discussed
magnetic tape units and magnetic drums.

————— —




