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INTRODUCTION

There are three general types of imput and output equip-
ment required for Whirlwind I. Thege are:

a) BHNumerical

35mm film will be used for inserting and extracting
numerical information from the Whirlwind computer. The general
outline of the proposed system i1s given in M.73, Vol, 11, The HDastman
Kodak Progress Report in Vol. 11 desoribes the actual film reasder-
recorder in more detall. Some project work has been done on automatic
conversion on a decimal keyboard to binary numbers on the film. Thie
work 1s described in a thesis by David J. Crawford in Vol. 12, M-157
describes briefly some of the requirements for an output printer.

b) Mechanical and Electrical

The first work on the conversion from mechanical and
electrical information to numerical information for the computer to
use in gimulation probleme was done by H. P. Stabler. His report in
Vol. 11, entitled Reversible Binary Counter and Shaft Position
Indiocator, desoribes this work. M-89 in Vol. 11 describes a simple
mechanical to binary converter. The report E-129 in Vol. 12 is a
survey by H. P. Stabler of the whole conversion problem from shaft
position to binary numbere. Some of these methods are actually con-
version from electrical quantities to binary numbers and many of them
can be reversed for converting computer cutput data to physical
quantities. The project ig continuing work on thesse problems,

o) Graphical
Ho reports are given on graphicel recorders. It should be

possible to use one of the graphloal recorders already developed by
the Emstman Kodak Company for other purposes.
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FILM READER-RECORDER FOR USE WITH COMPUTER

Under contract Nbori-205 The Eeetman Kodak Coupany 1s
developing a device both for recording digital recorde on photo-
graphic film and for reading these recorde, It is proposed that
this device shall -

(a) Record the output from a computer.

(b) Record the outout from a typewriter keyboard used in
the preparation of input data for the computer,

(¢) Read film records prepared by the device in a form
sulitable for input to a computer.

(d) Read the film records prepared by the device in a
form sultable for input to a esecond device of the
same type for such purposes as duplicating films,
preparing new program film ueing parts of old orogram
film, and correcting errors that may have been made in
preparation of a film,

The film reader-recorder is being deeigned with a view

to the widest possible application, but will be comnstructed speci-
fically to meet the requirements of Project Whirlwind, Device

. P4=X-3. Thie project requires that the photographic equipment
both record and read about 500 fifty digit binary worde per second,
Positive signals for both 0's and 1's will be provided by recording
both the word and its invert. It is hoped that s speed of 1000
words per second can be attained. Conslderable component research
is required to determine rates such as this, Thie research will
lead to the establishing of practical values for such quantities
as (1) spot size, (2) speed of film motion, (3) amount of 1light
!‘eq’utr‘da

The Eastman Kodak Company ie alsoc designing and will
build an automatic machine for the rapid procesaing of the film
employed for number storage. This machine will be quite simple
to operate., No darkroom facilities will be necessary for its
use.

By now bresdboard modele of all the circuite have been
built and all the operations seem feasible. The mechanical and
optical parte have been deeigned and are being constructed. A
breadboard model of the recorder has been bullt and 8 plece dig-
ital information has been recorded reliably., Much of the component
research haa been carried out.

We shall consider in more detail the manner in which
date are stored on the film. Each digit is recorded on the film
I as a rectangular spot .020" wide and .010" long. If the digit ie
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| a "1" the spot in the line or lines reserved for the work will
be exposed; if a "O" the epot in the line or lines reserved for

the invert will be exposed. G&See Fig. 1 and Fig. 2, This partic-
ular epot size was chosen as A result of experiments in which
tracks of epots forming an endless loop were driven millions of
times through a gate to detect whether they could be read reliably
by a photocell, Reading of spote smaller than ,010" x ,020" wae
unreliable due to dust particles aticking to the film and to
scratches in the film. Such a spot size permite 50 channels plus
timing markers to be stored across 35 mm film, Therefore, 50
fifty digit words plus their inverts can be stored along one inch
of 35 mm f4lm. Thus 60,000 fifty digit numbers can be stored
in a small 100 ft. roll of 35 mm film. .

At the beginning of the project various methode for
obtaining a sultable modulated light source for recording were
considered. Mechanical shutters were obviously too slow. Electro-
optical shutters are inadequate and much too complicated at the
present state of the art., The use of an array of discharge lamre
was a dietinct poesidility, but the control system for such an
array would be complicated. Aleo the 1life of such tubes seems
to be questionable. The moet simple and prodably the most re-
liable light source capable of modulation is the cathode-ray tube,
It 1s possidble in principle to write many lines of data on a
C.R.T. face and record a frame at a time. Such & procedure would

* require A film speed of 10 to 20 frames per second. This is not
excessive, but the precision control of the beam poeition in the
vertical direction would be a difficult problem. It was felt that
a simpler and more flexible procedure would be to record during
the film motion, uslng a sweep so ehort that the film would move
inappreciably during the recording. Preliminary experiments using
a HJP11 tube with 2000 V., post acceleration and commerically avail-
able films, Eastman Super XX, Eastman Recording Ortho, and Eastman
Recording Pan, indice@ed that ample light output would likely be
available if a S5RP1ll tube were used with vost acceleration of 10
to 20 KV. More recent experiments indicate thie 1s true even though
the film which will be used will be somewhat lese sensitive due
to the fact that it mmst stand the hot developer of an automatlc
processing machine., There is not a large margin of safety when
a 50 microsecond sweep is used, but the margin seems to be suffi-
client for reliable results., At the present time experiments are
being carried out to determine the best manner in which to oparste
the tubes to obtain the most lizht output for our particular use.
The fact that the duty cycle will llkely be less than 1/20 can
be used to advantage in obtaining more light eince the decrease
in efficiency when high beam currents are used seems to be due
to the average power diesipated and, therefore, to the average
current instead of the peak current, Measurements are being made
on a number of tubes and preliminary results indicate no serious
differences,.
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' The maximum speed of the film motion depends principelly
upon the sweep speed which can be used, since this together with
the film speed determinee the slant of a line of data across the
film., Project whirlwind has requested that provision be made in
the reader-recorder for film motion in either direction (however,
they will furnish the two direotion drive whenever it is needed.)
Therefore, compensation for the motion of the film to reduce slant
l1e not feasible, The slant encountered in the reading and recording
of 500 words and their inverts per second should not be at all
serious., However, the reading and recording of 1000 worde per
second may be unreliasble in the case of one of the sweep methode
to be considered, The prototype film drive is belng made to pro-
vide 20 1in./eec. film epeed, (1000 words per second) but may be
modified if necesesary. Another much slower drive is being furnished
for word by word resding and recording when the recorder is used
in the duplication of filme or in making corrections in films,
With this speed 10-20 words per second can be read,

Since date will likely both be furnighed to the recorder
and asked for from the reader intermittently it 1s necessary to
start and etop the film motion as rapidly as possible. A magnetic
clutch will be used for this purpose. Teete already made on
such clutches indicate that the stopoing and starting time can
probably be made lees than 10 millieeconde and further tests will
soon be made on an improved design. An automatic loop former will

’ be employed to reduce the load on the clutch, sspeclally when
1000 foot rolls of film are being used. The loop rmust be main-
tained on both sides of the drive eince the film must be capable
of moving in either direction. Models of two automatic loop
forming devices have been built, but cannot bs adequately tested
until the entire film drive mechaniem is completed., One method
involvee the use of a roller on the end of a long lever whose
poeition ie held within bounde by limit switchee controlling a
smell eervo motor, In the other method the arm position is main-
tained by a proportional servo bullt mccording to suggzestione of
the M.1.T. Servo Laboratory.

A schematic of the proposed optical syetem ie shown in
Fig. 3 and a schematic of the proposed electrical circuits is shown
in Fig. U for the double sweep method and in Fig. 5 for the eingle
sweep method. Let us first consider recording. The computer will
have stored a number of words, perhaps 50 or a lundred, in a set
of special registere reserved for this purpose. The computer
will then signal the reader-recorder to start recording. The
signal will energize the moving member of a magnetic clutch
attracting the armature and thue turning the drum drive which
is attached to it., A circular plate containing clear slits on
a dark background is attached to and turns with the 4rum drive,
Light from e lamp is focused through these slits onto a phototube,
' glving a elgnal each time the drum drive advances sufficiently
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' to permit the recording of another diglt. This timing signal
pascsee through a limiting amplifier and starts a sweep, if the
gats between the limiting amplifier and sweep circuit is open.
This gate is provided so that the film may be advanced without
the recording of a seriee of zeros as would be the cese i4f no
gate were provided. Coincident with the starting of the sweep,
the beam is unblanked and remaine unblanked until the sweep has
moved some distance past the end of the mask. As the sweep
progresses across the tube {ace it passes firet over the long
thin elit which records a timing signal on the film. Not all of
the light falls on the film, but some of it is reflected and
focused ontc a monitoring mask. The clear holes in the monitor
mask are only half or lese the width of the clear holes in the
C.R.T., mask and are phased with respect to the holes in the C.R.T.
meek so that light cen pass through the monitor mask only when
the beam is moved neer to the tralling end of the corresponding
hole in the C.R.T. mask. Two phototubes pick up the light paseing
through the monitor magk; one picking up the light through the
word position, the other the light through the invert position.
The signale pass through limiting amplifiers and are sent back
to the computer unit so that the whole transmiseion snd recordirg
process can be checked., In addition these signals are combined
in a mixing circuit and the resulting slgnal is tranemitted simul-
taneously along two pathe. Along one path the elgnal passes

' through a delay and an output buffer to the computer unit where
it esteps the word in the reglster one place thus furnishing the

next digit for recording. Along the other path the rignal passes

through another delay and to & trigzer palr which controls,
through a D.C. amplifier, the wertioal position of the beanm.

Both delays prevent sny deflection of the beam until the sweep

has completely traversed the spot which furnished the stepping

eignal. The second delay ir not necessary if both zoros and ones
are furnighed from the computer unit. However, if only ones

ara furnighed it ie necessary to always put the trig;er pair

into the zero poeition after the sweep has traversed ine epot,

but before the next digit ias siepped into the reader-recorder.

These deflectione, of course, take place behind the mask. At

the end of the unblanking pulse a second trigger pair is tripped

starting the second sweep. This trigger palr 1s connected through

the D.C. amplifier to the second vertical plate and so positions
the beam for the second sweep, A third trigger pair counts the
two sweeps and at the end of the second sweep sends a signal to
the computer unit indicating that the recording is completed and
that the computer unit may check the process and prepare to fur-
nigh another word. .

For reading, lthe mask over the C R.T. is changed ao

that a geanning epot (probably 005" x .012") can be projected

onto the film. Also a prien ie ineerted to form two images of

. the sweep, one covering the word posiilon, bthe olher covering
the lavert poeition. At the same time the beam splitter ls re- vy

_______________ b i

]lt will be noited that this meihod of reading s dlfferert
from that originelly proposed. In the original proposal a bank of

fifty phototubes, one looking at esch channel was to be uged and
the film was to bs illuminated with a steady light source.
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‘ moved to allow all the light to fall on the reader phototubes.
The power will be removed from the recording circuits not in
use during reading. The holes in the reader mask are made smaller
than those in the recorder mask; laterally to take care of side
motion of the film, and film shrinkage, and lengthwise to take
care of elant of the line across the film and inaccuracies of
timing the reading sweep. The sweep is started by a signal from
a phototube which "looks at" the timing signal recorded along
one edge of the word, This region of the film is illuminated by
a steady auxiliary light source. Separate phototubes read the
word and invert at the same time., The signals are amplified
and pass through the same limiting emplifiers and output buffers
as did the monitor signals. The estepping signal steps the part
of the word already read one place to the right making room for
the next digit. As in the recording process, at the end of the
first unblanking pulse a signal is sent to a trigger pair start-
ing the second sweep and also positioning it.

* A simplified breadboard recorder has been built and
made to record gatisfactorily. A 16 mm cine kodak with a special
motor drive and with a shutter arranged to open only during the
pull down was used. Since no computer unit or stepping cirouits
gimilar to those which will be used by project Whirlwind were
available from M.I.T., a stepping circuit was designed and an
eight place stepping register built. The eircuit is fairly

. simple requiring only 3 triodes (1% 6J6's) per digit. The circuit
« will step up to a maximum rate of about 750 K.C. per sec.

The type of mask used for the single sweep method is
shown in Fig. 2. Thie method invoivis the cirocuit changee that
can be seen in Fig. 5. Although i: is not mandatory that both 0's
and 1's be furnished by the computer unit it is considersbly more
diffioult to work with only 1's when the single gweep method is
employed. The lower vertical deflection plate is now used to
poeition every other digit instead of the second sweep. This
method has the advantages of (1) resulting in less slant error,
(2) simplifying the optics somewhat, but has the disadvantage of
(1) requiring much faster deflection circuits, and [(2) requiring
much more careful timing of delaya and sweep rate.

Tests on the single eweep method are now under. way and
will 1ikely continue for two or threoe weeke until it is known
whether it can be made to work well enough to be used instead of
the double sweep method which ie now known to work. There has as
yet been no actual recording but all the equipment (control and
an additional 8 place stepping register) has been built and most
of it is working satisfactorily. Microphotometer traces of the
recordings will be made in order to memsure the density acrose
the entire spot.
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' A study has been made of the various automatic proceesing
machines already built or under design at Kodak. The first model
of a machine, which very nearly satisfies the requirements of
Project Whirlwind, has been built on another project and used to
process 16 mm film at a rate of 8 ft. /min. It is small and ex-
tremely eimple to operate; however, requires hot water connections,
compressed air connections, and a drain connection. A new machine
is being designed based on the principal features of the 16 mm
machine but capable of processing 35 mm film and requiring only
a cold water conneoction and a drain connection. This unit as
well as the reader-recorder will handle 1000 ft. reels of film.

To process 1000 ft. of film will require about a gallou of deve-
loper, a gallon of fixer, and several gallons of water if the
f1lm is to have good lasting qualities. .

Although some parts which could be used in the prototype
reader-recorder are now being constructed, further experimentation
is required before the final design can be completed. As soon as
all the optical and mechanical parts are completed a breadboard
model will be set up to check both the rocording and reading oper-
ations. In the meantims tests on individual components will con=-
tinue, For instance tests will be made on the magnetic clutch to
determine its starting and stopping time, Two different materials
are being considered for the iron path. Comparative tests on two
types of loop forming mechanisms will be tried using 1000 ft.

] reels of film.

About a year ago we performed some simple experiments
which showed that the troublesome drift of 931A photo-multiplier
tubes could be very greatly reduced by using them under pulsed
light conditions with a low duty cycle. Later R.C.A. reported
the same finding. We have therefore, hoped that the 931A tubes
will be stable under our method of operation. There has been
no noticeable trouble from tube drift in the breadboard rscorder.
However, eince we are operating with a somewhat higher duty cycle
than that used in the earlier experiments wa feel that further
controlled tests should be performed on a number of tubes. At
the same time we hope to check the life characteristics of s number
of cathode-ray tubes since no such characteristies useful to us
can be obtained from the manufacturer.

We have been using a 10 KV RF power supply, the Dumont
263A, and a 30 KV pupply made by Essex Coil Co. The latter was
actually operated variably between 10 KV and 20 KV. The Dumont
supply is very stable, but considerable difficulty has been en=-
countered with the Essex supply. Much of this has been due to
mechanical faults, However, another model has been ordered and
wo hope to run exhaustive tests on it to determine if it will
meet our requirements.

. Project whirlwind asked if we mizht incorporate in
addition to the above features, two other features (a) the ability
to take single frame pictures of the entire face of the cathode~
ray tube and (b) the ability to remove the normal cathode-ray
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tube and replace it with a bank of smaller tubes for multi-channel
graphical recording. The firet would have required a flat gate

and a considerably more complicated drive mechanism, In view

of the fact that the job can probably be done with an auxiliary
oscilloscope and commercially svailable camoras, it was jointly
agreed that this feature should not be incorporated. The second
feature involved sufficient changes in the power supplies, optics,
and tube mount to require essentially another device. We have
considered certain other possibilities. Some of the seismograph
equipment might be satisfactory except that it uses 6 inch paper
which, of course, could not be processed in the automatic processing
machine. Perhaps the equipment most likely to satisfy the needs

of Project Whirlwind ies a graphical recorder being considered by
the Naval Ordnance Division of Kodak. The specifications for

this unit have been sent to Mr. Forrester for comments. Although
no eontraot has yet been let for the construetion of this recorder,
it is expeoted that this will be done soon.

To summarize: much of the component research has been
completed, a breadboard recorder has been built and found to work
satisfactorily, all of the components required for e breadboard
reader-recorder are under construction, and an sutomatic developing
machine is being designed. Further component testing is necessary
to determine (a) the merite of the single sweep relative to the

. double sweep method of reading and recording (b) the best way to
operate the C.R.T.'s to give the most 1isht compatible with long
life, (c) Drift and 1ife charamcteristice of 931A phototubes as
ueed in the reader-recorder, (d) a eatiefectory method for eute-
matically maintaining a film loop, (2) mction time of the megnetic
clutch, end (f) the characteristies »f the rf power supply under
the worst conditions to be encounterad.

RDONea/mw
Development Department
EASTMAN KODAK COMPANY
10/7/47
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HREVERSIBLE BINARY COUNTER AND

SHAFT POSITION INDICATCR

INTRODUCTICON

The components described in this paper have been
developed to serve as an input device for a digital
computer, The computer itself is a component of a large
control mechaniem, the aseociation being such that at
lenet one of the input parameters must be furnished by
the angular poeition of a shaft. The ghaft is free to
turn in either direction at irregular intervale and speeds.
Preciese information concerning the position of the shaft
must be continuously available and it must be furniehed
to the computer in the form of a binary wave-form number,

The eystem which has been developed to furnish the
necegeary mechanical-electrical link is shown in dlock
disgram form in Figure 1. Ae the shaft rotates a pulse
generator produces a pulee for each minimum discrete
angular increment, Thegse pulses are counted by a reversible
counter, A reading circuit then scans the counter stages
and furnishes the necessary wave-form number to the computer.
The pulse generator ie designed to distinguish the direction
of the shaft rotation and the counter responds correctly to
both adding and subtracting pulses.

While the system constitutes one solution of a speclalized
problem, the reversible aspects of the counter and pulee
generator are new, and the general method employed can be ueed
for other situatione involving two directional motion and

differential counting,
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PULSE GENERATOR
) The shaft carriee ma elotted disc which serves as a light
shutter for the phototubee V1 and V2. In order %o distinguish
the direction of rotation these tubes are placed me ehown in
Figure 2. Light transitions on V1 are instrumental in causing
puloes, provided that these transitions occur whille V2 1is
illminated. The transitlon 1light to dark cauees a clockwise
(or adding) pulee; the traneition dark to light causes a counter-
clockwise (or subtracting) pulse. If phototube V2 is not
illuninated, the pulses that would otherwise result from V1
transitiones are blanked from the generator output. Thus, for
exanple, continucus clockwise rotation resulta in a series of
edding pulsee, one being produced at the inetant the tralling
edge of each slot passes in front of the elit aperture for V1.
The essential features of the pulee generator circuit

are shown in Figure 3. V5 and V6 constitute a direct coupled
multivibrator thet is stable only when one tube is completely
cut off. The circult constante have been chosen so that the
high transition (V5 changing suddenly from non-conduzting to
conducting) occurs as the potentisl of the V5 grid increases
above 60 volts, whille the low transition (V5 changingz suddenly
from conducting to non-condacting) ocours ae thie potentinl
decreases below 50 volts. The sudden riee of the plate potential
of V5 at the low traneition (phototube V1 light to dark) causes
a positiva pulse on the grid of V9, which (if V2 is light) nrodices
a pulse in the clockwise output channel. A simllar rise in the
potential of the Vb plate ct the high transition causes a positive

. pulee on the grid of V10, which (for V2 light) oroduces a pulse in

the counter-clockwige cutput. Phototube V2 controle a multivibtrator



http://cor.ductJ.ng

PPROVED FOR PUBLIC RELEASE. CASE 06-1104.

'

V7-V8 identical to V5=V6, V9 and V10 can transmit pulses only

if V] ie non-conducting, The differential of 10 volts between
the high and low transition points insures that the mltivibrators
remain stable even if the disc jittere back and forth acroes &
trengition position.

A complete circuit dimgram is shown in Figure U (DWG-A-36),
V3 and V4 are DC amplifiers for V1 and V2. Direct coupling is
required to the grids of V5 and V8 in order to take care of very
slow disc motion, Thelir "dark" potential must be bdelow 45 volts
end thelr "light" potential above 05 voltes. Pulses approximately
15 volts in eize and of 0,7 microsscond duration are obtained in
the 70 ohm outputs,

During rotation of the disc ths potentiale applied to the -
gride of V5 and V8 vary apvroximately sinusoidally about 55 volts
with a 90° phase difference between them, The pulsing circuits
have been tested by apvrlying sinusoldal potentiale from an
oscillator to thege grids with proper phase difference, Clockwise
pulses appear vhen the V5 grid leads the V8 grid and counter-
clockwige pulsee when the V5 grid lage the V8 grid, The generator
operates satisfactorily at frequencies up to 300 ke, This limit
can be extended if necesesary.

The photoolectrit_‘: system hae been operated so far only with
a small dlec having 150 slote. It is planned to produce "slots"
and "testh™ photographically. The degree of angular subdivision
possible depends on the closeness with which practical lines can
be placed, the mssociated inertis of the dlec system, and the
accelsration to which it mat respond, 500 lines per inch appeer
feasible (employing motion picture sound track techniques) correspondin,

to a direct resolution of about 2% minutes for a 6 inch diamster disc,
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For such an optical arrangement type 931A multiplier plhiototubes
are to be used, their plates beirg connected directly to the

i respective multivibrator gride and V3 and V4 omitted,

REVERSIBLE COUNTER

A conventional ecaling circult or counter congists of a
serles of direct coupled trigger palrs, Suppose the componenta
of a pair are called A and B tubes, and aeeume that for zero
indication the B component of each etage conducts, or ie ON, Zvery
other invut pulse (to any stage) ceuses a carry-over pulee to the
next stage. For binary sddition a carry-over pulse must occur on
the traneition 1 to 0, that is, when the A component changes from ON
to (FF. The direction of the counter progreeslon will reveree,
corresponding to subtraction, if carry-over takes place instead on

l the transition O to 1, or when 3 changes from CN to OFF.

Filgure 5 shows a functional diagram of the reveralble counter,
Three counter pairs sre indicated by the six circles, the crefizes
0, 1, 2 (and so on) denoting the power of two associated with each
stage. The C and D squares represent colncidence tubas. All C
tubes are aesociated with additlive carry-over, the D tubes, with
subtractive carry-over, A pulse to be added ls received in the
upper channel. It triggers a self-restoring multividbrator, the
addition gate, and applies a positive square wave to the screens of
all C tubes. This prepares the C tubes for activity. The input pulse
also pasees through a brief delay section to the grids of the first

counter tubes, If OA ie conducting, the pulee turns OA OFF and OC

provides a pulse to the next staze, Similarly, a subtractive vulse
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(in the lower channel) first preprres the D tubes for activity and
' carry-over takee place when a B tube 1s changed from ON to OFF.
The delays shown (of about 1 microsecond) are introduced to
allow time for all C or D tubes to be properly prepared before
the pulse is counted. The add and subtract gates met have &
_duration sufficliently long to allow all necessary carry-over to take
Place, even to the end of the counter, The method necessarily
requires two input channels, The two types of pulses may be transmitted
to the counter over a single line, however, 1f they are distinguished
by eize or by volarity. Simple discriminating circuite then trigger
off either the add or subtract gates ms required,
Figure 6 shows a schematic of one stage of the counter, The
A and B tubee are connected in a standard Eccles~Jordan circuit with
self-bias, and the tubes are trigzered with negntive pulses applied
' similtaneously to both gridas. The screen potential of the C (or D)
tubes changee from -8 volts to *100 volts during the add (or subtract)
gate interval. During addition C transmits a carry-over pulse when
ite control grid recelves a poeitive signal ceused by the rise of
the A plate, Ueing 6AK5'a and the constante indicated the quiescent
current per stage is about 10 ms. A single stege haa a resolving
time of about 2 microeeconde and a carry-over time of about 0.l
microsecond,

For & 15 stage counter, the add and subtract gates can have a
duration of 4 microseconds, Thie allowe time for 15 succesaive
carry-over pulses and for reasonsble.ratee of rise and fall of the
C and D screen voltagea, The minimm resolving time between input

' pulses is determined by this gate length and ie thus about 6

microseconds.
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The counter 1s reset to any desired reading by momentarily
l interrupting the screen currents of the appropriate combinatlon
of A and B tubes,

Figure 7 is a complete schematic of input arrangements that
have been used reliably with a 5 stage trlal counter, In this
circuit the delay for both add and subtract channels i1e provided
by the self-restoring mlt2vibrator V3, V1 serveas to trigger the
add maltivibrator Vi as well ae-V3, and V2 acts similarly for the
gubtract channel. The two gate voltages are taken from the

cathode followers V6 and V8,

READER

A simple reading clircuit is shown in Figure 8. It consists
' of a series of 6AS6 coincidence tubes, VOE, VIE, V2E, ——-. The

suppressor grids of these tubes are connected directly to the
plates of VOB, V1B, V2B, ——- respectively. The cathodes of the
E tubes are kept at the normal non-conducting potential of the B
tube plates and their grids are blased to cut-off, The E plates
are connected to a common output circuit, If a single positive
reading pulsee is aoplied to the control grid of each E tube
successively at microsecond intervals, a pulee wave-form number
corresponding to the counter reading will be generated in the
output. The microsecond delay introduced between each E grid can
be provided by delay lines with amplification as needed to balance
the progressive attemuation.

The reasding pulse can be initiated by the fell of the add

' or subtract gates of the counter, so that a new number ies sent out
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whenever the counter reading changes, This feature necessarlly
l lengthens the time that must be allowed between input pulses to
the counter,

An alternative method of generating a scanning pulse for
each stage 1s shown in Figure 9, The E tubes are connected as
they are in Figure 8. The FG tubes are Eccles~Jordan pairs.

Enach ¥ tube recelves negative "clock" pulses of 0.2 microsecond

duration at miorosecond intervals from the synchronizing system

of the computer, These pulses normally keep all F tubes non=-

conducting, G tubes conducting., When the counter ie to be reed

a single poeitiwve pulee is applied to the gr' of V9, This

triggers the first pair, turning VOG off. The next clock pulce

turns V03 on again and the fall of its plate voltage is transrnitted

to the grid of V1G as a negative pulse, This triggers the V1P-V1G
' palr., V1G remains off the the microsecond interval between

clock pulees and as it returns to the on state VZF-V2G is triggered.

In this way, tPe F tubes are successively turned on for micro-

gecond intervals. As each I' tube returns to its normal of f eiate

the riee of ite plate gives the required positive scanninz pulse

to the corresponding E tube grid.

A h stage reader has been constructed and operated with the
constants shown in Filgure 9. The circuit 1e quite critical to the
characteristice of the clock pulse, and diffieulty ie experienced
with the tendency of later etages to trigger previous ones, A
low impedance clock pulge source and careful shielding between
stages should increase the reliability, and some modification of

. the constants 1s also probably desirable.
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OTHER APPLICATICNS

The pulse generator can be operated in conjunction
with a revereible decade counter and visual indicator of
the type developed by Regener®*, The method then comstitutes
a substitute for a seleyn indicating system, with the
advantages of lower associated inertia and higher speed
vossibilities.

The method can be adapted to provide precise contimious
indication of linear disvlacements, Either optical or
supersonic interference fringes are suitable to serve as
the discrete incremente counted. A directional sense is
cbtained if a 90° phase differsence is introduced between
the fringe systems that produce siznale on the two input

l grids of the pulse generator.

® v. H. Regener, Rev, Sci, Inet. 17, p375, 1946,
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Septrnhar 9. 1947

that there vas en optimum wire speed for most efficlent wee of the ptorage medliun
Since the time required tu stop mnd start the wire is o fanctlon of wiro speed
the marker pulse length and henco the ratlo of marker pulse lengtn to word lengt
ie alec & function of wire speed Conslderation of this fector resulted in the
cholce uf the wire speed end the merker pulse lemgth Yroviously stated.

A epeciel circuit ia to be used in the LDVAC for reading informetlor
from the wire. The detells of this circult were not discuseged btut the principle et
atated. Becanse of the differentiatling ection of the pleyback huad, the voltege
generated in this head by recorded pmlse signels hpe the wave ehepes ehown below
Both positive and nagative pulpes are

Recording Fulge __J__ k

Output Veltage ._Lr— __.—-‘{ ..-—-L

produced for a single recorded pulse. The reading clrevit conelstp of 11lip-flops
that are triggered by the firgt of the palr of cutput pulaees but sre insensitlve
to the second of theses pulpseg. The use of an integraiing cireult to ablain aing!
output pulpes caused too great an attenmuation of the plgnele ho M9 practiical

b. High-Speed Pulse Recording Dr. Chu ateted thet he hoped to be ab!
to etart a progrem of research on high-egpeed pulse recording in the near future
For thia work he planeg to use a metal oylinder plated with a layer of magnetic
material for his recording medium It is his opinien that henda cennot he in
contact with the msdium for operpting speeds greater then about 10 ft/ssc withou
ceusing excessive woar either of the hepds or of the medlom itpglfs A greater
recording gap length ia necsssary whon heeds are spaced away ‘rom the medium so
poorer regolution muat be expected. For heada gpaced O 005" sway, the number
pulees that can be rsgorded per inch might bes about 7¢ % of the nombar that could
be recorded with Lthe heads In contect with the medium [t was his understending
that ths Ingtitute of Advenced Study in conducting its research or this subjeq:
has obtalned a recording rate of 50,000 pps with an operating speed of abont 52

3. Mercury Delay Lines

Mr. Chedaker demonstreted hie equipment for bigh speed gtorage in th
EDVAC vsing & mercury delay linm and discugged some 07 the feplurss of “he lins
and 1ts gesoclated cirgulte The delay line conalats of a colum of meroury
22 inchee long and 3/B inch in dipueter contained in o glase tube with n qua:
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crystel mounted in each end of the tube. The ¥pulee packet" applicd to the tube
conslsts of two cycles of a b megacycle frequency generaied by epplying a pulse
to a ringing circuit. In traversing the tube, the packet ia greatly attemuated
and 1s slightly spread out, 1.e. it contalns more then twv cycles. The output
voltage from the line has epproximately the wave shape shown below

~f|fl—

Most of the attemuatiou ocours in the uryetal trensiucers. There is a 30 db loss
in each crystel and 6 db loes in the mercury column lteslf. The ontput packet le
amplifiod, rectified, reshaped, and then fed bacl to the ringing clrcult o cause
another pulse packet to be gent down the dolay line. JIn this way 1t mey be re-
tained an long ps desired.

The 22-inch line produces & delay of 26€ pa so that, for the one nega-
cycle ropetition frequency used in the EDVAC, 256 pulses may be stored in euch e
line.

4. (Ceneral

Mr. Chedalker atated that they are luoking for g better matheod of coupl!

: between stages in the electronic clireultsg. In the delay line demcnstration a cor

) sidersbls change in pulse wave nhape wae sviden® ap the spaclng belween pnleos we
varied from 1 pe to 266 ua

A emell model of the EDVAC had bheen bullt up in the laboratory and wau
used for testing ths various components of the computer FHowever, it wae not
operating at the time of this vielt. It was understood that the dealgn of the
LDVAC hae been completed and that the computer will heve been constructed by the
first of 1948.

|
-]
-
o |
[~ 8
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Regults of Tesle on Varlous Magnetic Recording Materlals by Dr. Chn at the Moore School,
University of rennsylvanla, (Operating speed - about 10 */sec.)

Designation of Wire or Tape Dimesnsions welght Dresking Material Magnetic Pronertles
dia of wires gmp/1000 ft. Strength - = g A6~2 3 _H
thiciness of Foundg c . ef, T “3 g
tape - mils r

G Stalnlesa-A Wire - 18 5 4 Stainleag Steel 320 1800 17 8
Gb Stainless-B " 3.9 19.0 3.9 Stainless Steel =l *1 *]
Ge Stalnless ' . 19 0 G- Gtainlesa Steel 30 7000 0 43
Gk Piano b u 4 1 20.0 5 Steel 60  B300 133
GE Cunife I-D . 4.1 21.0 3 Gu-Hi-Fe Alloy 65 2100 3.09
e Lunice Ko : L 4 2 20 5 3.5 i
b Cunlie -2 J o 4
g 20 b 3:0
& 19.5 11
L ! 20.0 10-5 480 2200 2l 8
d 4 19 5 9 Stainleas Steel 240 2200 10 9
, S 15 .0 10 Stainless Sleel 180 6300 2:8
v 3 X 2 0.0 L 700 200 320
Brugh Flated wWira BX-913 * 4.5 27.5 4 5 Co-N1 Alloy on Pt ‘9000 2 44
chosphor-bronzs
-l Flat Steinlees Wire 2x6 C 5.5 Stainless Steel 300 2500 -
rugh 2:8 2 14-0 (o9 1 12 Cu-Hil Alloy uvn 220 2.4
»ho et : rons?
Brugh raper Tape EBK-914 2.3 143 7.5 Synthetic 115 400 29 1220
Kegnetlite
It nel i 14 13 TEQ
163 2 ron oxida
. loi iron axids 200 3
3-9 2 rtron ud
1.8 126 (5] Synthetic 85 100 3
Mag ”
3 142 £ 250 410 71
161 12 21 2 -
r 157 10 500 1000 =8 2200

imoat nua-maguetbil a {ew hundred gauvsszos

Y=l wnous.Iowan

~e
9
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6345 Page
Report P-124

Project Whirlwinc
Servomechanieme Laboretory
Masgachugetts Institute of Technology
Cambridge, Mageachusetts
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The following revort contains & survey of the field of magnetic recording,
a summary of the work done in this field in the Cent-r of Analyels at M. I.7 from
Sentember 1946 to June 1947, and recommendationas for further exverimental work
The puarpose of the work wag to investigate magnetic recording as a means for storing
information for electronic commuting machines.
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SUMIARY

¥orl Done to Date

Un to the -resent time, the investig-lion ol remelic reccrdin
systens far astorage murposes hns covered only some oreliminory steges of
construction of test cquipment, design of recording. vlaybeck, and erszeilug
hendy, and comparigon of different tymes of recorditz madie Thie ore
liminary work was undertaken to determine th: test recording medium anc
the best system design for testing various storage nethods 3ince a nmas
imum number of words per unit length of the medium is depirable for eific
ient storage, the umer frequency Limit of & recording for o glven lineor
sored of the medium wes tnken nrs a measurm of the system nmerformence.

The recording equipment used was designed ari conatructed in the
laborat~ry. It consisted of pulleys ar-renged on A ranel to hold 2 short
loop of a recording medium and draw it at a uniform sreed cver the eresing,
recording, and playback heads. Su:itable amplifisrs connected to these
heeds allcwed the recording eand renroduction of contlzuous rinuseldal sign
Six different ricovding medis were tested, thrzn of these bteingz maner or
cellulogn acetate taves coated with a nowdered magnetic material and the
others belnz solid metal tanes A tens epead of 8% /3ec wvas used in all
tests

Al of the heads were of ring-type core constructisa, since such eo
nermit record rg of higher frequenciea than Lg ~osalble with other tynee
were oriented so asg to nroduce longitudinal magnetiration 1- the tepes
Demagnetization by meana of a 50-KC field accomnlishad the erazing mrocens,
and a hlgh-frequency biss in the recording head orovided e wminimum
tude distortion in the racorded siznal These mathois were chosen
eraging by saturating ths medium ard ueing a d-c bies to nrovide a
characteristic tecause of the highsr signel-to-nolse ratio cbtalnable

In articles in the literature it lan been snown th ¢t & high reeidusl
flux denualty in the recerding medium gives hizh out at a2t low frequencles
while a high coercive force con. Llutes to 2 high ouinit at high frequenci-g
The ldeal reavonas of the syetem for a constant Teco *ding-silenal current i
an outnul voltarge nrovortional to frequencyr. Howeve:, at high frequenclee
output voltage decreases rapidiy because of self-demipgaetizetion in the mell:
demagnetization caused by leakege {lux around the working gap of the racordd
head, decressed flux vemetrati-n 4n the medium as a regult of skin effact
a decreane in flux linkeges throwg: the nleybackc head Secause of ite :
alir-gzp vidth., Self-demagnetirzation ia A function o the slone of the
netizing nortion of the B-H curve; therefore the ratle of residual flux
Bﬂ' to coercive force, R, has hren described As a figure of merit for the L
frequency resnonas of a glven medivm For a low By io H, ratin, self.dex
ization is lemam and the sutnui =2t “igh Irequencies i1 sreater

Demagnetization ceused by leakage flax at ta acnrding head T
nized by using & core meterial wlth the higheat permaadillity gibie
flux dencitien involved and rocording with the minic flux 1alty « B

with output requirements

Hystaresis lon=s and fraguency resncnge curvei wera plottae
magnetic taneg previouaslr mentloned. "The best high-{r2ouency regnong
tained from nne of the rowder-conted tanes which hed a coerclve farce of
350 oersteds and the lovamt By to H, ratin, which was atout 2.2. The
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in response between solid metal teves and cozted onee, howewver, wee not
wholly indicated by this rdtic. For example, a soclid tape having en Hg

of 215 o~reteds and By to H, ratlo of 28 gave arproxinmately thu pene high
frequency responsge as & coated tepe having an Ty of 110 oersteds and &

By to H, ratio of 5.4. In genersl a high coercive force is degiradlo in
e megnetic recording nedium, but thie wvalus ls limlited o ahout £00 ocoreted
beceuse of the difficul ty of producing sufficient MMF in the heads for
ergeing and recording

Operating with optimum velues of signel and bime currenfe for good
high-frequency regponrc, it woa found thet the best vowder-coaterd tape wes ©
obtained from Minnesoisa Mining and Manufecturing Compeny and the bteat solic
matal taves were Vieallcy and %the Brush Dovelopment Compeny g nleted tans,
the latter two glving eporoximately equal results. The Vicelloy tepe is &
homogensous metal, wherees the Brush pleted teve has £ thin magnetic plating
on a breass strip. Assuming a minimum signal ~to-nolee ratio of 26 &b me
defining the unpver frequency limit of recording, 1t wee observed that the
MMM powder-coated tave allowed e maximum of pbout 1200 cyclee per inch of Sare
while the Vicalloy and the Brush plated tane each ellowed about 800 cycles !
incha.

Recommendations for Frriher Experinental Woric,

The best method for utilizing 2 magietic recoriing medium for
cf information muet be determined by furtl ince the sveed '
the medium ie driver governs the rate at can be racorded a
removed, this epeed ghou.d be ns high as nogsible, in this respsc
would be get by the mechanical consideration: of estre the medium, wea
on the heads and on the wedium, end maintenance of 1
heads and the medium, Based on renorts of woric at
of 50 to 100 feet mer second siisuld be practicable.

contact betwosn f
* ipetitutionas, 2 @

Pulee signale instead of medulested sinusoidel slgnelas should be
egnted. It is reasnnable to sssune that a2 diacrete mulge can Ge recorded on
same length of tape or wire that would be required Io 1 it
cycles of & sinusoidal aignel that would excite the
ment. On the basis of the regponee flgures stated ab
inch might be recordec In addition, the uae of puls
simplify the deeign of the recording and reproeducing

Meang for improving head design should be studied. A determinat
the learnge fleld around the recording head viould be particularly helpful ir
gselecting the core material anéd method of core construction. TFor high
overation 2 ring-tyve erasing head could not be used, g0 an alternate tyoe
would have to bBe desifpned and tegted. The windings on the recording and nla:
back hesde aleo would have to be dasigned for the high frequenclee or chort
vulses used.

apend

Moltichannel recnrding on & flat tane is feasible,
eations of this method of recording to commuter oroblemg ashould be determine
By using heads with thin cores, the desired narrow racording vatha may ba
. obtained. In a commercial disk recordsr ranufsctured by the Brush Developn:
Compeny & soiral path 1s used, giving the equivalent of 40 channels ner inch
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Means for loecating & narticular niece of recorded informotion
esscntial In com—uter a-nlicstione This nrabably will heve te be done by
recorded marking and synchronizing signales wnich govern the driwving meche
iam Tha way in which this control mey be obtained 1e o problem in elect
and mechznical design which migntbe eolved by the avnlicrti n of. eervomech
anism orinciplea or by & suiteble arrangement of cl hHag Mul tichannel
racording nffers certain advanu.rjes over singzle-charnel recording in the =0l
ution of the«e problemg: with ltichannel racording more information can be
storea on a glven length nf the medium, so that less rovement of the medium
required to locate and reproduce the inform-tion.

_DIECUSSION

The Nature_ of a Magnetic Recording

A racording on a maguetic medium such e= £ wire or tave consists »f
variations in the intensity of magnetization along the medium. Theae variziliong
in inten=ity of magnetization nre usually produced tr drawing the recrrding
medium at a vniform sneed pest the nole nieces of a recording head anc vary: n
magnetomotive force of this recording he-d in the de:ired menner. To renrodve
the recording, the medium 1s drawn magt th= nole ni ces of a nlaybeack hend, ¢
the change of flurx linkages induces & vnlt:ge in this heed correermonding ‘o
signel impressed on the mediun. A recording mey be eresad or removed from tho
medium gimnly by nassing it either through a strong unidirectionzl magnetic
field which saturstes =11 -ortions of the medium or by nessing it through n
strong alterncting fleld to demrgnetize 1t A com:rigon of these methode of
nrreging will be made in a2 following eection.

Tyoes of Fagnetic Recordings

Mrgnatic recordings may bm classifi~d intc three tymes denerndirg on
how the argnetizing field is aenlied to the medium: 1) longitudinal, () ne
pendicular, end (?) transverse, in which the mrgneti=ing MMP gradient is res
vectively along the lengsth of the medium, along the thickness dimension, or
along the width dimenslon &g ghown in Fig. 1. For ¢ round wire, pernendic
and transverse recordings are, of course, identical.

Tvoes of Head Construction

In order to svaluate these tynes of rec-riings, soma knovladge o

recording and nlaybeck head construction is necessary A fow general tynen
core construction are showm in Flg. 2, It i3 seen tiv ¢t theee may have onen
cloged m gnetic circuits and may have nole tine on cue or both sides of th

‘fhe designe of Fige. 2(n) and 2(b) are arnlicebtls tec transverae es wall
per~endicular recording merely by changing the orientation of the nole nie
that ther contact the edges nf the mediwm rather thea for 1d bottom. The
desirns of Figs. 2(e) and 2(b) mar also be uped for longitudinal reeording by
shifting one vole niece slightly along the longitudincl exie of the trve
Pig. 3(b). The ring tyve core of Fig, 2{c) _a used nrimerily for longltu
magnetization.

Comnarison of Tyves of Hecordings nnd Types of Hoads

Longitudinel magnetization 1= uged alr
magnetic recarding enuipment The chief vrago
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core with a vary small eir gan allowe & signel of shorter wavalength to
recnrded and reproduced than 1g mosslble with ather tynes of core conetru
An air-gen length of 0.0005" ia emsily obtain with ring-tyoe cores,
nerpendicular or transverse recarding, core cona

™

ruction af the tymea of
and 2(b) 43 necessary and the gshortest wavelength thet ean be recorded
first annroximation at least, limited by the thickaras of the nole nleces
mechanically rizld these vpole mieces must be of the order of a few thowean
an inch thick, so the shnrtest reccrded wavelength ig several times that
able with the ring-tyne core. This comparigon is evident from Figa. 2(e)
The fact that solild metal reconrding materirls are more easily magnetized
direction of rolling or drawing and that the ring-tyne head allows easy ve

of the tape or wire end does not require adjustment are further reasous "
use of longitudinal tynme recording. From & practical noint of viev, a meroen
icular or transverse recording in the case of & wire recording msterial ls
by the tendency for the wire to twist &s 1t is drawn vast the heads

Methods of Recording.

The reaidurl flux which constitutes the recording on a megnetic
is releted to the MMF of the recording head by the fapmiliar E-[ curves of
ma terisl, sn this relerti-n cen be considered linesr only over a reastricted
In recnrding systems where e&mplitude distortion of the renrcduced =ignal
ikeot to & minimum, it ia necess:rv to use B "biasing” MMF in the recording
to ensure that the desired linesar transfer charscterlstic is obtained Pris
about 1942, the recording method in use emrloved & constent unidirectional bi
MMP in the recording head and a recording mediur that had bheen saturated !
eresin.' process by & unidirectional mngnetic field. The erasing proce
nortions nf the medium wlth a fiux deneity Bp an shown in Fig. 4. The
MMF ia of the nroper m'gznltude and direction to reduce the flux density
portion of the medium at the pole pleces of the recording head to the valus
cated by noint P of the hysteresis loop of Fig. 4. 7If & signal MMV, H(t),
gun=rimpoged on the biasing !MF, H,, the amount by which the flux density of
£iven element or the medium is reduced is detrrminec by the total !20F im tie
recnrding head at the time that element 4s at the pole pleces of the nesd I
the minimum MMF is H, and the meximum is K., the flux densiiy of succ i
mente will be loweréd to values corresnondfng to vointa between M znd 7 o
B-H curve of Fig. 4, When the iape elements lerve the rvac-rding head the
MMF drome to gzero and the regidual flux density rises along minor hystceresisz®
to corregponding valuea between M' and 1'. Zy nroper choice of bilasing
signal amplitude, then, an apnroximately linear relsziion hetween signnl
recorddd flux may be obtained

About 1942 a recording method emnleving a gh-frequency or suy
blas was adopted. This method nermits recording on o demsgnetized medium,

the noise level of the outvut iz much leas than for & seturated medium, while
maximum signal amvlitudes are amnroximately eourl in the two ceses. This impr
ment in signal-to-nolse ratit hag resulted in almast universal adootion of ¢
high-freourncy biss where minimum non-linear distorticon is desired. A signa
noise ratio of 50 db with only a few percent digtortion is nracticable wit
method of recording. Bias frequencies used in commercizl sound recording aq
ment are in the range from 20 ¥C to 60 KC.
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A complete theory of recording on a megnetic medlum by the high
frecuency bies method has not been publi-hed. 3Such a theory would lnvolve
congideration oi magnetlic skin effect, the finite widih of mole nleces or
recording alr gaps, demagnetization in the medlum, and lealnge flux aboub
the recording hesd. However, & qualitetive explanation of the recording
nroceas neglecting these effects is easlly made. Asceume a bias freouzncy
of 30 KC, a signel frequency of 1000 cns, & tane sneed of 10"/sec, end a
recording alr-gap width of 0.001",. For this case any elemeat of ¢he
recording medium ie in the recording gav for 10C geec or 3 cycles of the
biag MMF. The total MIF applied to an element of the recording mediun is thc
inatantaneous sum of th~ gignal and blag MMF's as shown in Mg, 5(a). The
biag MMF amplitude is ennroxims=tely thet reculred to just noss the lower |
of the magnetization curve. An element of the medium In psasing the gec
the recording head, then, is subjected to an MMF which forces the fluwrc dens-
ity in the medium through a series of minor hysteresid loona as shown in
Fig. 5 (e), (d), and (o). These fig_ures are for elenents of the medium %hut
enter the gan at times i, t,, anc resnectively (gee Fig. 5 (D)). U
leaving the gan these elements have ;?ﬂ*c_.lal flux denzities of B B_, and
B, ag shown in the figures. The effect of this high frequency b'}“q fa to
remove the curved portion of the =agnetization ocurve 2t the origin and #4
a linear relation between siegnsl KMF and residual flur denslty. It shoulad
be vointed out again that the preceding explanation ig iacomlete slnce an
accurate plot of resldual flux densitr sgainst sign MMF' would show & com-
vonent of the blag frequency vresent. In prz=ctice this is not observed o
arily because of the effect of demagnetization in the medium, Thie ef ‘"“L
which will be discussed later in connection with magnetic nromeriles of
recnrding medlia, caveee elements cof the medium howing a length 4
compared with thicknegs to be brought to essentialls
density, 2o tha: the bias-frequency component is loct

me
o
0l

Signel Reproduction

The reprcduction of 2 signal that has been recorded on 2 magaetic
medium 13 esgentially the same for all tynes and meihods of recording }
types of core construction shown in Fig. 2 aovnly to plerdback as well os
recording heade. For a2 given system the orlentatior of the pole miecer or
the alr gan should corressnond to those of tha recording heed so that & maxiny
number o lux linkages through the nlayback head windins w21l be produc
the residnal flux from the racording mrdiun., It has teen round thet ;
type cora is superlor to other tyres fnr »layback heads for the same reasons
aa for recording heads.

Eraging

£a has been previously mentioned, & recorced algmal mey be erssad
Pit.h r by saturation or by demngnetigation of the recording medium, Sat
18 eaally accommlisghed either wlth 2 nermanent magnet or with an elactrom
of 2 tyoe eimilor to one of thoge of Fig. 2. Far this vurncse, of cours
neither narrow polea nieces nor o gshort‘air gin is nece: r An obvioua
for demagnetixing a recording medium is to mase it trroush the center of ¢
in which alterneting current i flowinz, This methed is not generally usze
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however, baceuse shiplding of the rocording anid nl

high leakagze field becomes A nroblen Pragsnt nr i 1® £ Wl
core as shown in ¥ havipg an air g&n ( 0 0" in contret
with the rocording medium, A high-frequency M F of sufficient wignituds

to ralge the flux deneglty of the medium to saturatlion is annlied tc the

mediun while 1t is paseing thie alr gap. As t:ie btane leaves the gep, the
flux dengity is effectively reduced %o zerc by the dersgnetizing effect
mentioned in connection with the recording procees,

Freouency Reeponss of a Magmetic Recording Syotem.

It 18 very difficult, if not imnecasiyle, to compute theoretically
the frequency resronse characteristic of a given magn~tic recrrding sysien;
If it could be agsumed that & constant current in the recording-hesd winding
oroduced & constant magnetizing MMF and hence a conctant regidual flux de
sity for all frequencies, then the voltage gencrated i2 & ring-tyne playba
head under ideal conditions would be

e - K "
e — |l t
1 = (f oin wt)

£, f & com ot

Thie corresponds to & stralght line rising 6 dh ner octave when outout volis
in db 1g plotted againet the log of frequency ae shown by th= broken line in

y Fig, 6. The actuzl response from & typlcel recording system for a constant
recording current falls below the ideal resvonse both at low frequenciee and

&t high frequencies as shown by the zolid curve of Flg. £ The droo st tl
low=frequencr end occurs when the wavelength o the recorded eignal i3 con
parsble to the nhyelcal dimensions of the nlayback head, By reference {0
Figs. 7(a) and (b), it is seem th=t when the recording mediur is im & poeitim
to produce the maximum flux through Lhe playback nead, only a fraction of th
total flux links the windings for long wawvelengths wh ¢

> gubstinntially ell
the flux l'nks the windingss for short wavelengshe This regulis in g decr
outnut volia for very leow frequencies.

The drop in oumtput ot the
the mmjor ones being demagnetization
about thes recording head, and the scan
of the sir /an in the vlavback head
medium £1d eddy currents in the core
under certelin conditions.

o
]
s |

3

L,

»
ot

It is well known that as the ratlo of tha leng
ita thicknees decreages, the field st one end of the £
the cther end fncrenees. Thisg "solf-demngnetization” re
strength. At high frequencies, then, when the hall-wave
silgral annroacheg the thickness of the medium £ aiy

et due to the nole
the total ris)
gth of a recorde

tion exists

— b
-]
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t he gection of the med’um a helf-wavelength long
individual magnet For & magnetlc tane 0,001" thic
of 10 inches ner second, the freauency havinz & half-wavelength equal
to the tape thickness 1s 5000 cycles ner nsacornd

A continuous recordings of A sinusoldal may be comaldered
ag a series of magnets esch &8 half-wavelength long 1ike noleg nle
next to esach other, For this casethe field nt any Int 1s £ resultant
the field of all megnets in the viecinity. As the length of thess maznet
decrenges, the influence of neizhboring magnats becomsg more nrenouncaoa

and reduces the effective field of an individunl magnet. The magnitudes
nf these demrgnetizing foctore are difficult to cales 2 nce they de
not only on physical dimensions but also on the dist:

ion of the magn

ization and th~ megnetic provertiea of the record e Howaver,
can be shown that materlals of ilgh coercive foiy asldunl moe

suffer lese demegnetizatlon thon materiale of low coercive force and
residual megnetiom,

The flux thet entere "8
hesd 15 that which friages th
medium only in the ares that i
the leange flux around tha v
enters the tane on elther side of a 1
that 4f the directinn of the recording MMF L e & megneti

element of the medium leaves t!
1

will su:fer some demagnetizat
short-wvavelength or hi-h-freguenc;
core m Yerial having a high-salure
an MMF as mossidble helns to minin

reglon of

the finite wid
the functlion

where S 13 the gan
logs due to thie e
examle, a signsl
0.0M*, ané assu

A l':"l.l.. Maa :,.M.,..-J
value .,
ly 1 t un L i 1 I

recording n
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been evaluated., If the overating speed is such thrt very high freguencl=s
are racorded, it is reasoncble to assume thnt some loes in outnut at bigl
frecuencies occurs as & rosult of these eddy currepte, The cores of mlay
back heads are usually laminated to minimige eddy current losses in the
renrolucing process. Of course skin effectet the bina frequency limite the
nenatration of flux into the reenrding medium, hut this cavsee a decresec in
output level for all e=ignal freouencles and would no%t afiect the ghape ol the
resDOnge Curve.

Requirements in = Megmetic Recording Svstem.

The design of 2 comnmlete magnetic recording syatem lnvelves consld
eratinn of many factors Certain pronerties in the recording medium, the he
and the drive mechaniem are basic renulrements, while the m-terialz used,
actual form of the enuipment, and its onerating sveed ar< determined by the
particulsr smnlication for which the systenm ig interded. TFrom the informm=vics
coptalned in the preceding discussion 1t 41a nossidble to enumirabe aome of Ghe
requirementes .

Righ coercive force and low residunl magnefiem are essentizal
jnency respongs Oor goors

reasolution of pulsed signels is desired. However, in practice coercive lorc
is limited to 250 to 400 ogersteds by the difficully of obtainins sufficic
high memetizing fields in the recording head without excesgive lemlnge lux
The value of residual masmetiesm also must be sulficlont so that a usabdl
level is obtained from the vlayback head. Reducing the thickness of & tepes or
the ciameter of & wire decreasez the demagnetization of & recordsd sigma T
1limi% %o reduction in size in this respect isn set by conzslderations of meche
ical strength end outrut level. High resistivity is another desirable nrop
in the recording medium. Higher resletivity reduces the megmetic skin affac
end allows grester enstration of flux in the recording nrocess. The choire
of solid metal or nowdered materiale and of %tane, wire, or disc form denend
the varticular amnlication of the system. Solid matal mrterials are mechs
ically strong and sxperlence 1ittle wear wlth use Powderad materials coanted
on a gultable bocking give better nigh-freouency responsa, but have a lo
cutput and wear out after a few thousand rleyings f{ire occuples less epace
than flat tene vhen wound onto a reel so is advantageous when a long recordi
time {9 degired.

mtly

7 ouwmun

It is evident that for the core of the recording head a high-pern-
eability material should be used. In varticular it should have the highest
saturation flux densitv noesibls along with & negligible reeidual me
It mast elso be of laminated coustruction to roduce eddy current effects
particulerly 2t the bias frequency. To facilitate win'ine of the colls o
ring-tyne heads, the cores are ususlly mrde in two pirts, and the faces on
these twe parts are ground to slve a good fit on aspembly. Wo gspacer is use
in the recording #rm 1f maximum hish-frecuvency responce is deaired, T}
of winding usaed demonds somewhat on the deeslgn of the amlifiers sumlying
bias and recording signalse. Both high-imnedznce and low-impedance windi 1
found on commercisl recording eoulment, the former type being coupled dirsctl
to the plete »f the outnut ammlifier and the latter coupled through £ sulf

fmetlien,
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transformer. Whare high ! nd signal frecusncles are anmloyed, tranglorme?
gensrally cannot be used. wernore, care mast be takon %o keen distriduler
cangcity in the coil to a minimum to avoid resonmance =flects within the oper
eting range. Sevarate windings for the blas and recording algnals mey be
utilized, and have the edvanta ‘e of more simple mmplifiler design when economy

of tubeg is not important

The core of the playbuck head should gatlsfy the zeneral requlremente
of low loss and negligible residunl magnetiem as in tha case of the recording
head. However, its imn~rtent chrrecte-istic is initial nermesbility, whieh
ghould be ag high as possible. Although best meulte would be exmected from &
magnetic circuit hoving 2 gingle air gap, it 1s more practical to Adivide the
core ag hag bYeen described for the recording hesd. 3yametry 1n the core and
in the windings placed on the two halvee givea the further adventage of lsss
vickur from extranecus magnetic fields. In eny ceae mgnetic shielding of
the playback head is easentinl, aspecially with low-nutout-level recording
media such as the powdered materisls. A high-impedence windling to connact
directly to the grid of the vlarbdeck amplifier is ueunlly eatisfactory, clthon
2 low-impedence winding and sten-vp transformer say be desg'rable 1f the hesd !
very small or if the core has been formed in one viece

The requirements for the core material of the eresing head are lde
i1cal with thoase of the recording head. Ite featurss of conatruction are alsg
the same except that 2 gro of 0.010" to 0.02C" is necessary lts winding shond
be degigned to obtsln & maximum power tranefer from -he erasing amlifisr

For faithful remroduczion, the recording madium ghould vese the
recording and the olayback heeds 2t as mearly a conetant spe=d as vossihls,
since fluctuation in eneed will cause variatlone in Hcoth the amplitude and
the frequency of the reprnduced signal. Par this rerson soma type of
Grive ie umd instead of geara or belta. Ususlly a mechanical filter
such 88 & rubber-tired Ydler encaging both the mot~ r shaft aad the rinm

4

flywheel on the drive shaft 1s incorporated in the apead redacer dasign

The choice of the form of the racording medium determines oth
reculirements in mechanicel construction of & recording system For long re
cordings on tape, sultable raels end a rewinding mechanlen sre necesssrs
also apnlies to long recordines on wire, but in this case level -winding devic
to prevent tunching of the wire on the rasls rmst be provided. For recording
of a few necondg or lsas & continuous loop of tane or wire may be formad apd
pasged over a series of vulleys; a dlasc of megetle material might 2180 be used

Since zlight variations in the contect betwenn the recording mediw
and the recording and nlaybaclk heads will cause considerable veriztion in
amplitude of the raproduced signel, the medium muszt e pgulded so that theas
do nmot occur. Equally important for good high-frequency reunonas ia prove:
alimment of the recording and nlayback gona. Both gans should malke the sum
angle with the direction of taps motion, Since for high fraguenc lee
length on the tave manovroachee the order of magnitude ol the map width
difference in thege angles will cause a substanti-l loas in sutout. The
tifficulty of maintaining thie adjuatment in commercial eouinment vreven
the use of wide cores to incresca the signal level from the wlayback head
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' Experimental Magetic Reenrding System

The general “eatures of the recording system desizned For experi
mental purposes in the Center of Analysis l~horatory are shovm in Fige. @
and 10.. The bese and front are of 1f4" eluminum and of stendard panel wicth
for mounting in a rack. The pulleys shown will accormodate Loops of tape
from 54" to 60" long and up %o 1/4%wide.. A brass idles nulloy maintaine
tension in the tave. The mounting nlates for the hernds may He tilted in any
direction by thumbscrew adjustment. They also may be ralged and lowered =nd
rotated about an axis peroendicular to the tape. This flexinility in the hend
mounting allows different sizes and types of heamds to be edanted te the m=
The drive shaft is mounied on br1ll bearings with the drive pulley on the 1t
and & brass flywheel behind the nanel, The drive pu loy is turned by iricllon
between the flywheel rim and & rubter-tired wheel on the motnr shaft. Tha
motor is a 1/125 HP d-c motor with gplit field windings. To obtain an adjustabl
speed over a vide range by field control, the field windings are comnected in
parallel to & 220-volt line threugh sultable rheostats and tha armature is
gun 'lied from & 110-volt lino. There are two rubber wheels on the mobtor ul
8o that two ranges of cpeed can be obtened by shifting the motrr to engngc
or the other vheel with the {lywheel. By this errangement the speed may U
adjusted from sbout 3.E6"/nec to 8"/sec and from 11"/sec to 6"/see. The srec
controls and an on-off ewltch, aa well ss input and output plugs, epmaar o
the front panel.

A pchematic diagram of the comolete recording systom is shown in
Fig. 11, The amplifier circuite and head consiructicn were changed from fime
to time, and space doee not permit a description of g£ll the designe tested
Those that were used to obtain the curves included in this report, bewever,
will be described.

The erasing head hos & spllt ring-type core of 0,003" x 1/4" Hiperail
laminations stacked to a thicknesa of 1/8¥, the laminations bveing prrpendiculrs -
to the radial direction of the cors. This core was cbtalned foom & Rayih
UX-7350 pulse transformer. The head has a single winding of '35 turns of I,
wire and a working air gav about 10 mils. wide. At ED EC this head hae an
inductance of 3.2 mh ard 2 Q of about 5.

on

The recording head le algo of split ring-type cometruction but i-
made of 0.006" 4-79 Mo-Permelloy laminatione, In thils heed the lamine tious
are parallel to the radial direction and are stecked to a depth of 1/8% i
the face of the head 1/8" wide £g compared with 1/4" for the eraning heed
laminations are shaped so that the width of & laminatlon tarers to 1/1E" ot
vorking gnp as shown in Pig. 12. Two windings nre placed on each half of the
core, The signal winding consi=ts of 26 turns on each h-1f cr a total of -7
turns, and the bias winding 150 turnz on each h-1f or 2 totel of 300 tume
Number 28 wire is used for all windings. Since the faces of the cores were
ground to a close fit, 1t 1g ectimated thet the workiag gap cf tide hemd is
less than 0.0005" . The blapg winding has an inductonca of 6.7 mh and a Q of
abtout 2 at 5C KC. The signal winding has an inductance of 4104h at 1 KC,
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It has & core 1/8 ' ins wion P | 0 i :
in ¢ 1ded takelit wlder oncaged in B LY ¢ anield he gare 1a
ring tyre with i e h 1f The hal hed indl
pymrmetrical to aJii 120U L ds A 1 umoe
turns of the windis ] \ al’gble, WHut the meat tnduct 1
nt 1 KC
As can he seen on the diagrem of ™igz. 11 ‘our seprrate amlif
are uzed in the complete recording system: for bina, recording,
playback resnechively Jircuis diagrame for these rre ghown in Tlgs. 1 1

16, and 1B.

mplifier, Pig. 14, are
esh-1mll vower ami

The erasing amplifier, Fig. 13
gimilar; ther conslst of an inver‘er stage drl
stage. The plate losds of these nower steoges f thie windingsz of the
resvective herds tuned for pnrallel reeonsance n KC and couoled to the 7
of the tubes through sultrdle cnndensers. The small resisiance in seriss
t e blas winding nrovides a means of measuring blas current. HMaximum wolu-
50 ma erasing current and 36 ma bias current were rocuirec for the herds use

’ The recording amplifier, Fig. 15, also consists of an inver t-r

nush-pull nower amplifier but i1s coupled to the sigral winding of the recrrd
head through a trensformer. It was designed to nrovide a constant cusrent o
20 ma max., through the winding for conetant innut veoltage over a frequency
range of 100 to 15,000 cps. The cesired constant current characteris
obtained by providing a negetive feedback voltzge nromortional to outnut

The ovlavback amplifier, Figz. 16, is & twc-stage 2-C coupled ampli: !
having an essentially flat frecuency resnonse from 100 to 13,000 epe. To nrew
the appearance of any 50 KC voltage from the erase or dblas filelds in the =mnl i
fier outout, a low-pass filter with cutoff at 20 K{ was addad. '"ith thle £
the amplifier resoonse at 50 KC 1s 50 db below that =t 18 KI. Ite gain at
1000 cps 1is 26.3 times or 28.4 db.

Regults of Tests on Fxperimental Svstem.,

"ith the recording enui-ment described ahove tests were conducted .
six different recording media to evalurte the nerfarmence of the ecuinpmeni ar
determine what factors recuired further investigeation to improve high-frecus
response or resolution of discrete signals renregenting codad informe%ion,
to the pregent time the data obtained ig insufficient to allow conclusive st
ments to be nade regarding some features of the svstem and recording nmedl
Certain reaults however are signiflecant.
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In Flgure 18 ere shown the complets hystircresis loone for these tavet
all drawn to the same scale. Tange curves and the tabuwlated values of H, anc
Bp obtained from them are included orimnrily to shov the orcer of magni tude
of the ~uantities beinz considered Because of limiiations in the test eo
ment, suurces of error exlat which have not heen meazured oreclsely From
correletion with imown »aluea, howewver, it in estimeted that the errors do
not exceod 10 percent.

T

All of the tesis performed on the recording 2quipment were at a tane
speed of 8" /sec, which of itself imnosed an unver frequency limit of about
10,00C eps on the recording, This was dene %o reduce tape wear, reduce
amplifier design »roblems, and 2llow use of & lower bies frequency. Neglectl

. sacond order effects, the share of the frequency reepcnge curve ig m function
of tane wavelength rather than actual frequency. Therefore, tests taken ot ¢
low speed were considered to be indicative of evsterm nerformance at higher
speerds. 3

A frequency of 50 KC weas used both for blas erealing It was
obegerved that for ratiocs of bilees frequency to sizgnal

£, modulstion effects occurred, causing distortion of

Aa might be expected, the maximum level of the recording
distortionless recording varieg *'ith different recording media, wif
amplitude, and with racording {requency. In 5he tests to be descr
racordiny; sigmal level wee kept sulficlently low to id gerinue
from any of these causes

Comparitive resnonse curves for the alx record
lmately sheir normnl v es of bieg current are shown in Fi
shspe of each curwve corregnondeg to the typicnl resnouze of Filg. € The m
levels a% low frequencies %o & firat annroximation ace the comwnnm.tive signel

levalag that can be expected from the different medie It cen e e £
is a direct reletionshin beitweon thege leveln &nd the reapective values

previougly tabulated. The curva for Brush pleted tane doee not show thie
directly since it 1s & nerrow tape hrvwing & widih rou
recording vath on the other tanes. Howover, sl t
is an roximately the same for all media. this differs
frequencies can be comoensated for by prover amplif
freguency or more eccurately th2 wavelength nt whict
the slove of thé regponse curve for high frequencies
of the recording aystem.

heg has been neinted out vreviously, demagnet!
laakapas flux at the recording head sare orincipel fa
responae &t ghort wavelengths Since the demagetiz
the BP atio, as would be exnectad there is o corr
i"

:‘C




APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

Z
-

®
]

Renort E-124 Para 15

at whick meximum regponse occurs 1a Flg. 19 and the shane of the B-H curves

of Fiz. 18, The steel tape has the highest B3 ratic =snd loweat maximom-
s

resnonse frequency, while the HMM tape has thf‘ lowest 'q atio and highest

maximum-regnonse freguency.

"¢

The magnitude of the drovp in high-freouency rec-onza caused by
leakage flux at the recording head is not evident from the resnonse cuarves
of Mg. 19, Howevar, the effect of this factor ie {llugtrated in Fig. =0
and 21, which -re regvonse curves for twn recording madia Tor dilffereant
values of bias current. For the higher values of bias currcesnt, or record:
MMF, the meximum-response {requency is lowered snd lha reenonse curve falle
more ravidly with lncreasing signal frequency

o

Sowe informmtion on the wvariation in frequency resomee w
in blas frequency was sleoc obtained. The tesis which were made show
comparison between bias frequencies of 50 EC and 140 HC whare the megaifude
of the respective bias currents were adjusted to glve sgual outpute far low
signal frequencies, Flgure 22 showa th- resulte for the PBrush plated teva

and the MMM tepe which zre typical of the results from all of the tavca v
slightly higher outnut wag obtained for short wavelonzths slgnals with the
higher bias freguency than with the lower bies frequency e reason for

this is not kmown; wheth-r it is a function of fhe skln effact in tl.e cu:m.
the leakage flux distribution in the recording heed, 4¢ the mechani
recording vrocess as diecusgaed vn pages 7 end 8 mas® He determined by furshe
exnerimeatation,

Recommendations for Further Hwrn-rimental Work

The test results th-t have beer iiscu the precedinz para
point out a lack of infarmr—ztia.. ahout several fe in tha recording i
and sugrest some changes in cquirment design for gtudying storags metinds
The most obvious fault is excesaive leskage flux abouat the working gz
recording head. A core material such es permendur which hus a vory |
saturation flux denslty should be tried, r‘nm‘ the ting of the core v

shaved 30 th t they contact the teve only the g This would g a a0
what longer peth for the wnwanied lealmge “‘ ux. The effect of grinding and
volishing 2fter heat treatment on the War"‘ef"ﬂ' ity of the core tlvs i3 no

imown, 80 a means for &ccurate determination of flux distributlion ~Around the
recording gan wmuld be very deneficial in thke design and construction of
recording heads.

Since the speed at which information may be rocorded on and read
a magnetic storage medium depende on the speed at which the mediun le moving
tests should be conducted to determine the pracii el Limit on overating spe
and the repults of recording at such speads [t 18 estimated that thage m
might be of the order of ma,mitude of 100 ft/sec, Such hish egneods would re
a redesisn of the erasing hend ns well aa the recording and nlayback heads
theas snoeds an erasing frequency th-t excerdsg the higheet thet could be re
corded would not have sufficient nenetratinn for commlete orasing. For thi
reason, s~rasing or demagunetization of the medium wonld hav- to be accompli
b¥ a low-frequency decaying field such as would be obisined by passing the
or tape through the center of &n alr-cored coll, ¥For high speed onerat
of courss, the recordinz and playback hends muat be designed for the hig
frequencies or short wulaes which would bhs used

L}
'
L

on
!
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Circults for plying ani readiapz th ifo tion
gtored should be bLu ) o with the recording m J
iaformrtion is avrsilal on techniques of recordin nlse enels
reasoneble to assume thot the wgth of a yocorded dDulae
not exceed that requiredifor recorilng the 3T o
sinusoddal elgnal thet would =2:cite & tuns 1t in the
for the latter type of algnsl. This 18 as 12 that sine
two diff'-rent freouencies would he used to rgen’ the two hinary di,

and tha: the reading equipment would contain filter circults for
the two rreaquencies, In the field of carrier telezrevhy i1t hasg n
that at least & cycles of & sinusnidal signal are t2ouired for euch gelectio
The use of pulse signals, therefore, should not result in 2 lose of rec
canacity, vhile it allews the recnrding and reading circuits to be of m
gimoler deaign. The use of e high-frequency btlas sisnnl in nulee racov
would he unneceasary since o linesr characteriastic ls not required, hkovever
the reeults of rocording with different blas frequeiacies, =a shown in
indicatno that the effect on oulse amplitude of uasinz & bizs slgmel ahn
invertisrted.

On e flai fecording mediunm euch ag n tane cr diek
obtain nmore then one recording trock, In electronic comy

the adaitional tracke might te utilized for grmchrenizing s
recrding additional informetion whirh ig mot required to be er
ently o that on the merallel tracks, An eatimate » he
of such tracks may be obtrined from date on the Bruak Dewclo
diak-tyne recorder. Uesing a powdor—co-ted veper dick, i¢ B
treck 0,014" wide and smacing between tracka of 0.0 . O 12
40 traclks ver inch Heade with thin cores nre usef ol o
narrow tracks,

The problem of markinsg the location of specific ir e
on a megnetic medium and of posit oning the medium for re:
me tion —ecuire sererete atudy mlti-channal reco:
certain advant . eg over single-channel recor E 1 0
of these edvants =g ars; (1) & gevarate chaanel misht
and mariking signale: (2) information might e groured on s ¢
thus reducing the time reovired to poaition the tave Tar ol it (=)
might ba done in oppeeite directions on adjacent ciannale o avoid 1o
in rewinding or {(4) successive sigmels might ©te recorded on geperete cof
to allow recording at & higher vulse repatition rata; for cxamle, wit
channels, nulges 1, &, 9, 13 etc woull be recorded on ore channel, ™ v
2, €, 10, 14, etc,, vould be recorded on ansther clannel, vulees @, 7,
etc. vwnild ba reconrded on & third, and vulsas 4, B, 12, 16 =te. i d
recnrded on thae fourth channel. The s~lid metal t=mnag nraviding asver
channels clgo ~re atronger then wire media 20 ~ould be desirable ere

nositioalr of the medium nlacea conaiderahl~ atrese unon
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for the final am-1irie sin of 992 The requirements

a band ~f frequenciee necesell
ul design of the \ Cogmeonsat circul
feedback vere uzed to obtain the requirad vhage chera
found necessary to u=e dwc Tilement voltasge becoause even ama !
of nickup e filement curront cansed objectionedle digtor
in the curves traced nu %me (9,

nf "igh gain and

cAT R
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cteristic, It wae

The precadure foi making a hystereslis-loop m and deter-
mining the sc¢ale factors s as follows: A schemntic
ment is shown in Fig. 27. The nickup coil aszsembly
ig posaltioned at the centrr of the magnetlzing col)
adjusted =0 that the nutout of the eallbrating cail

deflection on the CHU This deflection

a poul

tupe gannl

the wertica

Y v

to &2 convenlient wvalu:

means of the rol on the CRO » g b i1z then thro
to 1ts "test" nositicn and the 1 1
deflection is the voromer fractil

thia fractinn belng determine ti
material in the tane the 1

1e now adjuated so thet the
the tana tn be tegted is in
enough zo that it extends
coil Sultable adjus
for the tane

I:\'r_‘,, hO] - im
in the followlng maqner. r enil 1 A
a voltmater for the game o in ¢ tee
voltnge, 6€g, 1ls
. aB -8
e, Behe — — 21 - NAg D Iop coe L
at
where N, ig the numb of ¢ m the calil 11, A, % he cro
sectional erea of this coll, rnd B,y is the veluoe flux d n
in it Solving for B, and subsiituting co
C g
where E, is the r.m.es. value of 8¢
The Mo \'"\‘.".1..’1_ =] . cel 1 . 1 s ]
pealt horizon 10 t sired ace Y y
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or tests on tares wit crogs~gectionnl &, BN
celibrating coil corre: a than ne dest
would provide more

The nee of & higher-.reruency magnetizing curr would he T
desirable in many 1 In nerticular 4t would re plon r
amolifier design, req } y1ification, and rac o i
for the pattern on th pe screen to drift he )0 "
evailable in th oW ed out, however, hecet af e

harmonic content.
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i., 2 oersteds (avnrox)
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turation flux
elty, 20,000
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gaturation, 5000 !:'g.',‘-,"c_'

Vicalloy Va, 6-10% K 200-400 seretods Western Ylec
Co, E. E000-9600 gnussen 195 Broader
Fe 3 My (

5

Brush nlnted Co, 80%) . 1ni4ne  Ye oorste rash Dev
Tene Ri, 20%) - By, £000-10,000 16689 s oY
Brugh Faver Powdered magnetite H. nAY ame as
Tape corting,narticle By, 400=-707 gausse late

diameters less
than 1 micron




PPROVED FOR PUBLIC RELEASE. CASE 06-1104.

'

Renort H-124

Materie!  Compogition __ Proverties
Hyflux Tope Metallic nowder Hy, T00-5ED oerateds
conting, com r., H00-1500 gausare
fition unknown,
particle dia.
meters less than
1 micron.
MMM Tape Powder coating, Ho, 350 oersteds
comnnglition BR, 760 grusses
unknown .

'rod

58 1
Boaton
Mr. MeEnl

Minnesots

Mfg. Co

51 Slrepe

T

Boston. lMass

Manufacturing nrocess produces orientation of crystale eo
thert there 1s a nreferred direction of megnetization in

the materiel. Therefore the material mus
the flux path is in this preferred direction.

be usaed so that
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Froject Whirlwind
Servomechaniasmo Laboratory
Massachugetts Institute of Techuclogy
Cambridge, Massachupgetts

SUBJnCT:  FROFOSED PRO YOR INVESTIGATION 0. MAGEKTIC RECOEDING

To: Jay W. Forrester, R. R, Everett, H, Fahnestock, and H. R. Boyd
From: L. 8. Rich
Date: September 26, 1947

The following program is proposed for experimental lnvestigation of
magnetic recording for applicatiocn to the Whirlwind Comsuters

wRIMENTAL ST-UR

a. Rec ing Equipment. The recording equipmsnt chould conslet of
apparatus for driviog a continuous-loop of the recording medlum at linear speads
up to about 10 ft/eec. A asystem of pulleys mounted on a panel wculd be adsquate
for thie purpose. A constant gpeed motor could be uged. and the erlous epseds
could be obtained by changing the amount of speed roduction betwsen the motor and
the drive pulley. The pulleys would te made to accommodate either wire or flat
tape up to 1/4" in width. The initlal experiments would be msde cu a powder-coated?
tape eince such tape is easy to handle and readily avallaole at low coat, and pine
head designe and recording methods that are satisfactory for costed tape would be
suitable for any other tape material. The heads would be dealgred so that narrow
channelo may be recorded, and provision would be made for mounting a mexlimum of
three of each type of head on the panel in such a way thai the gpacing Letween
channels may be adjuated.

b. HBecording-Signal Generator. The recording-signal ganerator should
be capable of producing either a eeries of pulses of li<e polarity or a saries of
pulses of alternating polarity. 1% ehould be pcessible to vary the pulse length anj
the spacing between pulses independently. The variatiocn in pulee leugth should b«
approximately from lus to 50ue, and ths variaticn in repetition frequency should
from about 50C pps to 200,000 ppe.

¢, Playbagk Equipment. For reproducing the recorded nlgoals. & high-,
video amplifier for each recording channel will be neceassary. These should have |
band width of rpproximately one megacycle. An oascilloscope or a synchropcope wonlid
be used to observe the reproduced pulses.
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d. Braeing Signpl. Erasing will be sccompllshed by e high frequency
siznal probebly in the range from 10 k¢ to 60 ke. A varlable-trequency oscillato
and powor amplifiers will be required to drive the eraslng heads.

EROPOJED FROCKLDURE
as i Tegti eads. In general, the deslgn c¢f the heade

would be gimilar to the ring-type heads used in commercial sound recording ecuip-
ment. However en effort should be made to keep them as emall as poasible and to
design the windinge for satisfactory operatlon with short pulses- “hln cores
must be used %o produce narrow recording chennels.

To obtain reliable information from the recording system it will be
necessary to determine the charecteristics of the heade. The recordinpg head should
produce changes in flux at the recording gap which will correspond to the pulses
to be reccerded. The waveform of thls recording flux could be obgorved by pleclug
e small pickup coll around the recording gap and observing the waveform of the
voltage produced after it bas been suitably amplified end integrated.

The playback head must satisfactorily respond to the most rapid
change of flux across the pickup gap that will occur. To determine the perfcrmance
of the playback head its frequency response could be measured by szpplyinz a
sinuscidal signal of constant amplitude to a small coil vound over the pickup e=p
end measuring the output of the heand as a function of frequency-

The erasing head can best be tested by obeerving iie performance
in a corplete recording system. It would be desirable to measure the fleld strength
and distribution about the working geps of both the erasing head and the recording
head btut no meane for doing this is evident.

b. Fulge Recording. In a discusslon with Mr. Iverett, 1t was agreed
that the followlng questiong have to be answered before further declsions on the
use of magnetic recording for computers can be mads.

(1) How many pulses can be recorded per urit length of a
recording channel?

{2) How closely can channels be spaced with separate erasing
of sach channal?

(3) How far does the eraeing field extend along e channel, i e
cen it be localized for the sraslng of & slngle word?

The number of pulses that can be recorded per unit length of =
channel is a function of the recording pulse length and amplitude, the recording
gap length, ani possibtly the tape speed. Tho influence cf each of these parmmets
should be investigated to determins the optimum amplitude and length for the
recording pulses.




APPROVED FOR PUBLIC RELEASE. CASE 06-1104.

'
-

6245
. Memorandum M=106 3w

The problem of obtaining satlefactory erasing of & locallgzed
portion of a recording medium is probebly one of erasing head deaign., It would
be expected that a thin core and a short eir gap would confine tho erseing field
to a smnll area as in the case of the recording head, but the eflact of n larger
lesksgo field that would be ceused by the higher signal level required for ereain
is unknown.

PLAYBACK HEAD FOR READING AT LOW TAPK SrhiDS

Since a minimum tepe speed of a few inches per second .. necesgsery to
develop & useable voltage in the playback hend, sccme megne of resi'ng a tape
independently of epeed would be desirable. Ir particular, esuch o .neans would per
mlt reading directly into a printer and also would make 1t poselbls to use recorce!
aignals for servo posltioning of the tape. To the knowledge of ihe wrlter sach
heads heve not been developed mt the followlng design might be preotical. Con-
struct a core of a sipngle laminetion in the form of & ring baving & eingle alr
gap at the polnt of contact with the tape. F¥ile a portlon of the core opposite Laeo
alr gap 20 that it has a smaller croeg-eectional srea than the reat of the core
Place a winding on each side of the alr gap and the flled porticn, and epply &
small elmusoldal eigral to one winding. The gecond windling is conuected iu such
way that ths cutput voltege to te used 1s the difference between vhe applled velu
and that induced in the second winding. 7Ths number of turas on tke windinge are
adjusted so that this output voltnge ie zerc when a deragnatlzed pertion of tape

=4 is over the air gap. However., whon e magnetized perticn of tape .a over ihle gar
a steady flux i1s set up in the core causiog a chaenge in th® reluctance of the
magnetic circult, particularly ¢f the filed portion, and hence a chunge in the
voltage induced in the seccnd winding. The output voltage thea would be difiersn
from gerc and would indicate the precence oi a recordec slgnal at %he alr gap

The succese of a head design like that Jjugt descrled wculd depend on
obtaining the required chenge of reluctance for the very cwall velune of flux
produced bty the tape signala. The core material of course, should show a large
change in incremental permeebilitiy for & emnll change in the direct component of
MMFP appliad tco it. It would be possible tc add a small direct curcent to the
signal applied to the firet windirg and thuas bilas the head to a polnt on Ltas BN

curve where ths greatest change of reluctance will occeur. This not only would
increase the sensitivity but algo would permit detscticn of positiveo as well os
negative polarity sigmals. The volarity of the recordec slgpals would be indic ¢

by the ralative phsse of the input and the output woltrgeo of the head.

A playback head operating on the principle cutlined ebove probably
could no' be used at high tape essode when short pulses Lrve been recorded
such a case, a correspondingly high frequency would be required for exelting tue
playback. head. That is, a faw cycles of the excitlag cignal should ceeur dusln
the playback pulese. Since the incremental permembility of a negnetic material

S——
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Project Whirlwind
Servomachaniems Laboratory
Massachusetts Institute of Technology
Cambridge, Massachusetis

SUBJZCT: QUTPUT TYPEWRITER . PRINTIR UNIT FOR WHIPLWIND I

To: J. W. Forrester
From: R. R. Everstt
Date: November 13, 1947

The information in this memorandum has been prepared 'mr-
riedly and is for diecussion -urposes ornly.

1. There are three kinds of output det= from the computer:
A. Graphical

This 18 the most efficient way of pres nting large guentities
of cdata for human understending. The results of most sciertific enl-
culations will eppear in this form,

B. Phvsical

The use of the computer in simulation and contrel prolens
will require converting the mumericel outputs of the mechine to ghyslcal
quantities. The grephnical outputs mentioned above could be con:idered
a form of physicel output in which the motien of the vnysical mumber
48 recordsd in some fashlon,

C. Mumerical

The bulk of the mumerical output of the machine will ‘e for
its owvn use or the use of other eculv-lent machines at some later time
Thie numericel date should therefore be left in the form urderetandebles
to the machine, thet is, in binary notation and on film. Some mumerical
outputs will be recuired, however, which cen be understood by humen
beings, This information ehonld be in decimal form and cerefulily ar-
renged for emey comorshension. A printer should be available which can
not only print the docimal nunbers but arrarge them in colvmns nloug
with such punctuation and alphebetic notes es may be necess ry. Re.
production cen ve eccomplished photopraphically directly from the printed
pare. 1t is importent thet no human copying be recuired. The zmount
of such date to be printed will vary widaly nccording to the problemas
being commut: Tt would bte very small in eimuletion and control pro
blems end probably in most problems of physicel investligetion. In
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problems requiring the preparation of tables such as in logistics and
census work, the amount of informatign to be printed may be very large.

2. It ie possible to devise high epeed automatic decimel film printers
which could record v-ry large quantities of information. These printers
would become v-ry compliceted if alphabetic dete were added to the re-
quirements. In view of the typoe of probtleme proposed for Whirlwind I

it does not seem worthwhile to ongare in a development prosrem for a
high speed printer at this tine. Instead scme elready available suto-
matic typewriter or teletype printer will probabdbly Lis used.

Thie printer will not overate directly from the mechine but
rather from one of the machine'a output films. It seems likely at thie
time that the printer will operate from binery coded decimal data on
the film, the conversion from binary to decimal having been accomplished
in the arlthmetic element of tho computer itself. It may later be deo-
sirable to build automatic convorsion equipment for the printer itself,
8o that the computer cen put ous binary date only. Since the printer
vorke from film ard is entirely separate from the computer, its opera-
tion rate will not slow up theraln computer unless the average prirting
rate required ie very high. It is always poesible to use several printere

; if the printing rate becomes too high. The printer should be ebla ts
! understend alphabetic, punctuation, and spacing informetion stored on
‘ the film. Some of the extra film chaunels cen be used to indicaje these
processzes. It would be very desirable if the printer could be enuiped
with some automatic shecking procedurs which could deteraine the ectusl
cheracter printed and coapare 1 with the dete on the film,

3. The complete instructione e#3 tc spacinge and slphabetic notes to

be printed could be put on the nutput film by the computer which could
transfer this infaormation from 3he irput film. Another passibility is
to provide a separate film readar or paper irpe reader which would have .
the specific purpose of instruciing the printer. Since the printing
sequence 1s probebly cyclic, this separate tape could probably be short.
Paper tape might be more sntiafactory if it required a eimoler reader
than the film and were elready aveilebla, It would still be necescery
. provide code marke on the film for epecinl instructions. Printirg
inetructions could bde pl ced sn the computer input film or the printer
instruction tape A% the seme time thet the entire problem is set up.
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