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IHTBODUOTION 

\ 
V 

Thera are three general typen of input and output equip¬ 
ment required for Whirlwind 1. These area 

mí' Numerical f 

35ma film will be used for Inserting and extracting 
numerical Information from the Whirlwind computer.^ The general 
outline of the proposed system is giren ln M-73, Vo 1,. 11. The Eastman 
Kodak Progress Report in Vol. 11 describes the actual film reader- 
recorder in more detail. Some project work has been done on automatic 
conversion on a decimal keyboard to binary numbers on the film. This 
work is described in a theeis by David J. Crawford In Vol. 12. M-157 
describes briefly some of the requirements for an output printer, 

%*'&) Mechanical and aaotrical--1 / a/.-A. 
•j' y ■ . 

The first work on the conversion from mechanical and 
electrical Information to numerical Information for the computer to 
use In simulation problems was dene by 1Î, P« -ftieblerr—Hie report 4» * 
Vol. 11, entitled Reversible Binary Counter and Shaft Position 
Indicator, describes thiswork. M-89 in Vol. 11 describes a simple 
mechanical to binary converter. ) The report R-129 in Vol. 12 is a 
survey by H. P, Stabler of the whole conversion problem from shaft 
position to binary numbers.^ Some of theae methods are actually con¬ 
version from electrical quantities to binary numbers and many of them 
can be reversed for converting computer output data to physical 
quantities. The project is continuing work on these problems. y [ ,, 

A *{•) Graphical-J 
No reports are given on graphical recorders. It abould bo 

possible to use one of the graphical recorders already developed by 
the Eastman Kodak Company for other purposes. 

;r .. .r actmik- _L .. A_ 
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FILM READER-BECQHDKR POR USE WITH COMPUTER 

Under contract N6ori-205 The Eastman Kodak Company is 
developing a device both for recording digital recorde on photo¬ 
graphic film and for reading these records. It is proposed that 
this device shall - 

(a) Record the output from a computer. 

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

(c) Read film records prepared by the device in a form 
suitable for input to a computero 

(d) Read the film records prepared by the device in a 
form suitable for Input to a second device of the 
same type for such purposes as duplicating filmst, 
preparing new program film using parts of old urogram 
film, and correcting errors that may have been made in 
preparation of a film. 

The film reader-recorder is being designed with a view 
to the widest possible application, but will be constructed speci¬ 
fically to meet the requirements of Project Whirlwind, Device 
?4.»X.-3„ This project requires that the photographic equipment 
both record and read about 5OO fifty digit binary words par second. 
Positive signals for both O'e and 1 * a will be provided by recording 
both the word and its invert. It Is hoped that a speed of 1000 
words per second can be attained,, Considerable component research 
is required to determine ratos auch as this. This research will 
lead to the establishing of practical values for such quantities 
as {1) spot size, (?) speed of film motion, (3) amount of light 
required. 

The Eastman Kodak Company is also designing and will 
build an automatic machine for the rapid processing of the film 
emoloyed for number storage,, This machine will be quite simple 
to'operate. Ho darkroom facilities will be necessary for its 
use. 

By now breadboard models of all the circuits have been 
built and all the operations seem feasible. The mechanical and 
optical parte have been designed and are being constructed. A 
breadboard model of the recorder has been built and 8 place dig¬ 
ital Information has been recorded reliably. Much of the component 
research ha« been carried out. 

We shall consider In more detail the manner in which 
data are stored on the film. Each digit is recorded on the film 
as a rectangular spot .020" wide and ,01011 long. If the digit is 

.. ._._ ' —‘... 
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a "1" the spot in the line or lines reserved for the work will 

he exposed; if a "O” the spot in the line or lines reserved for 

the Invert will be exposed,, See Pig. 1 and Pig. 2. This partic¬ 

ular spot size was chosen as a result of experiments in which 

tracks of spots 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 spots smaller than „010" x <,020" was 

unreliable due to dust particles sticking to the film and to 

scratches in the film. Such a spot size permite 50 channels plue 
timing markers to be stored across 35 nun film. ThereforeB 50 
fifty digit words plus their inverts can be stored along one inch 

of 35 ram film. Thus 60(,000 fifty digit numbers can be stored 

in a small 100 ft. roll of 35 111111 film. 

At the beginning of the project various methods for 

obtaining a suitable 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 lamps 

was a distinct possibility,, but the control system for such an 

array would be complicated. Also the life of such tubes seems 

to be questionable. The most simple and probably the mo3re¬ 

liable light source capable of modulation is the cathode-ray tube. 

It is possible in principle to write many lines of data on. a 

C.R.T, face and record a frame at a time. Such a procedure would 

require a film speed of 10 to 20 frames per second. This is not 

excessive, but the precision control of the beam position 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,, using a sweep so short that the film would move 

inappreciably during the recording. Preliminary experiments using 

a 5¿P11 tube with 2000 V, post acceleration and commerically avail¬ 

able films, Eastman Super XXt Eastman Recording Ortho, and Eastman 
Recording Pan, indicated that ample light output would likely be 

available if a 3^11 tube were used with post acceleration of 10 

to 20 RV„ More recent experiments indicate this is true even though 

the film which will be used will be somewhat less sensitive due 

to the fact that it must stand the hot developer of an automatic 

processing machine. There is not a large margin of safety when 

a 50 microsecond sweep ia used, but the margin seems tc be suffi¬ 
cient for reliable results,, At the present time experiments are 

being carried out to determine the best manner in which to operate 

the tubes to obtain the most light output for our particular use. 

The fact that the duty cycle will likely be less than i/20 can 

be used to advantage in obtaining more light sires the decrease 

in efficiency when high beam currents are used seems to be due 

to the average power dissipated 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 principally 
upon the sweep speed which can be used,, since this together with 
the film speed determines 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 
Is 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 words per 
second may be unreliable in the case of one of the sweep methods 
to be considered. The prototype film drive is being made to pro¬ 
vide ?0 in,/sec. film speed, (1000 words per second) but may be 
modified if necessary. Another much slower drive is being furnished 
for word by word reading and recording when the recorder is used 
in the duplication of films or in making corrections in films.. 
With this speed 10-20 words per second can be read. 

Since data will likely both be furnished to the recorder 
and asked for. from the reader intermittently It is necessary to 
a tart and stop the film motion as rapidly as possible. A magnetic 
clutch will be used for this purpose. . Tests already mad® on 
such clutches indicate that the stopping and starting time can 
probably be made less than 3.0 milliseconds and further tests will 
0OOH made on. an Iroprovod dsBign« An automatic loop former will 
be employed to reduce" the load on the clutch, especially when 
1000 foot rolls of film are being used. The loop must be main¬ 
tained on both sides of the drive since the film must be capable 
of moving in either direction. Models of two automatic loop 
forming devices have been built( but cannot be adequately tested 
until the entire film drive mechanism is completad. One method 
involves the use of a roller on the end of a long lever whose 
position is held within bounds by limit switches controlling a 
*3mall servo motor. In the other method the arm position is main¬ 
tained by a proportional servo built according to suggestions oi 
the M.-1 rT. Servo Laboratory» 

A schematic of the proposed optical system is shown in 
Pig, 3 and a schematic of the proposed electrical circuits is shown 
in Pig, 4 for the double sweep method and in Fig. 5 i'01, single 
sweep method. Let us first consider recording,, The computer will 
have stored a number of words, perhaps 30 or a hundred, in a set 
of special registers 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 thus 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 iium drive. 
Light from a lamp is focused through these slits onto a phototube, 
giving a signal each time the drum drive advances sufficiently 



to permit the recording of another digit. This timing signal 

passes through a limiting amplifier and starts a sweep, if the 

gate between the limiting amplifier and sweep circuit is open. 

This gate is provided so that the film may he advanced without 

the recording of a series of zeros as would he the case if no 

gate were provided., Coincident with the starting of the sweep, 

the beam ia unhlacked and remains unblanked until the sweep lias 

moved some distance past the end of the mask,. As the sweep 

progresses across the tube face it passes first over the long 

thin slit which records a timing signal on the film., Not all of 

the light falls on the film, hut some of it is reflected and 

focused onto a monitoring mask., The clear holes in the monitor 

mask are only half or less the width of the clear holes in the 

C.B.T. mask and are phased with,respect to the holes la the C,R.T, 

mask so that light can pass through the monitor mask only when 
the beam is moved near to the trailing end of the corresponding 

hole in the C H,T. mask. Two phototubes pick up the light passing 

through the monitor mask; one picking up the light through the 

word position,, the other the light throt>gh the invert position,, 

The signals pass through limiting amplifiers and are sent back 

to the computer unit so that the whole transmission and recording 

process can he checked. In addition these signals are combinad 

in a mixing circuit and the resulting signal is tranemittad sismal- 

taneously along two path»,,, Along one path the signal, passes 
through a delay and an output buffer to the computer unit where 

it steps the word in the register one place thus furnishing the 

next digit for recording. Along the other path the signal pasees 

through another delay and to a trigger pair which controlsB 

through a, D. C amplifier,, the vertical position of the ho am. 

Both delays prevent any deflection of the beam until the sweep 

has completely traversed the spot which furnished the stepping 

signal. The second delay is not necessary if both zeros and ones 

are furnished from the computer unit. Howeverp if only ones 

are furnished it is necessary to always put the trigger pair 

into the zero position after the sweep has traversed the spot,, 

hut before the next digit is stepped into the reader-recorder. 

These deflections,, of course0 take place behind the mask. At 

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

starting the second sweep. This trigger pair is 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¬ 

nish another word. 

For reading,, ■'•the mask over the C„R,T, is changed ao 
that a scanning spot (probably .00?» x 01?») can be projected 

onto the film. Also a prism is in'er ted to form two images of 

the sweep, on® covering the word position, the other covering 

the Invert position. At the same time the beam splitter is re- 

will he noted that this method of reading is different 

from that originally proposed. In the original proposal a hank of 

fifty phototubes, one looking at each channel was to be used and 
the film was to be Illuminated with a steady light source. 
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mored to allow all th© 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 slant 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 amplifiers and output buffers 

as did the monitor signals. The stepping signal steps the part 

of the word already read on© place to the right making room for 

the next digit. As in the recording process, at the and 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 satisfactorily. 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 circuits 

similar to those which will be used by project Whirlwind were 

available from a stepping circuit was designed and an 

eight place stepping register built. Th© circuit ie fairly 

simple requiring only 3 triodee (1¾ SJS't?) per digit. The circuit 

will step up to a maximum rat© of about 750 K.C, per sec. 

The type of mask used for the single sweep method is 

shown in Fig. 2. This method involves the circuit changes that 

can be seen in Fig. 5. Although it is not mandatory that both 0's 

and I's be furnished by the computer unit it ia considerably more 

difficult to work with only I's when the single sweep method is 

employed. The lower vortical deflection plat© is now used to 

position every other digit instead of the second sweep. This 

method has the advantages of (l) resulting in less slant error# 

(2) simplifying the optics somewhat, but has th© disadvantage of 

(1) requiring much faster deflection circuits, and (2) requiring 

much more careful timing of delays and sweep rate. 

Tests on the single sweep method are now under way and 

will likely continue for two or three weeks 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 th© 

recordings will be made in order to measure tho density across 

the entire spot. 
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A study has been made of the various automatic processing 

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¬ 
tremo ly simple 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 

amohiné but capable of processing 35 mm film and requiring only 

a cold water connection and a drain connection. This unit as 

well as the reader-recorder will handle 1000 ft. reols of film. 

To process 1000 ft. of film will require about a gallon of deve¬ 

loper, a gallen of fixer, and several gallons of water if the 

film 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 recording and reading oper¬ 
ations. In the meantime teste 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 recorder. 

However, since we are operating with a somewhat higher duty cycle 

than that used in the earlier experiments vre 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 a number 

of cathode-ray tubes since no such characteristics useful to us 

can be obtained from the manufacturer. 

Wo have been using a 10 KV RF power supply, the Dumont 

263A, and a 30 K? supply 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 lias been ordered and 

we hope to run exhaustive tests on it to determine if it will 

meet our requirements. 

Project whirlwind asked 5*f we might 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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tub© and replace it with a bank of smaller tuoes for multi-channel 

graphical recording. The first 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 available camorra, it was jointly 
agreed that this feature should not be incorporated. The second 

feature involved sufficient changea 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 is a graphical recorder being considered by 

the Naval Ordnance Division of Kodak. The specifications for 

this unit have been sent to Mr. Forrester for commenta. Although 

no contract has yet been lot for the construction of this recorder, 
it is expected that this will b© done ooon. 

To summarise s much of the component research has been 

completed, a breadboard recorder has been built and found to work 

satisfactorily, all of the components required fdr a breadboard 

reader-recorder are under construction, end an automatic developing 
machine is being designed. Further component testing is necessary 

to determine (aj the merits 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 light compatible with long 

life, (c) Drift and life characteristics of 931A phototubes as 

used in the reader-recorder, (d) a satisfactory method for auto¬ 
matically maintaining a film loop, (e) action time of the magnetic 

clutch, and (f) the characteristics of the rf power supply under 
the worst conditions to be encountered. 

RDONeal/mw 

Development Department 
EASTMAN KODAK COMPANY 

IO/7/47 
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CRT MASK FOR DOUBLE.-OWED P 
RECORDING (3 DIGITAL PLACES»). 
XXX REPRESENTS SWEEP POSITION 
FOR WORLD IIOOIOIII. 

FIG. I 

CRT MASK FOR SINGLE SWEEP 
RECORDING CD DIGITAL PLACES). 
XXX REPRESENTS BEAM POSITION 
FOR WORD liOQlOlU. 

FIG. 2 
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REVERSIBLE BINARY COUNTER AND 

SHAFT POSITION INDICATOR 

Abetract 

A binary counter has been developed that responds 

to subtracting pulses as well as to adding pulses« The 

two types of pulses are distinguished by different Input 

channels, by polarity, or by size, and the reversible 

action is accomplished by suitable carry-over provisions 

between the counter stages. Each stage employs four 6AK5•e, 

Resolving times of 1CT5 gao and less are readily obtainable. 

In conjunction with a photoelectric actuated pulse generator 

and a reading circuit, the counter has been used to indicate 

the angular position of a rotating shaft. The pulse gen¬ 

erator producás adding pulses for clockwise rotation of the 

shaft and subtracting pulses for counterclockwise rotation. 

The reading circuit *'scans" the several counter stages and 

gives the counter reading In the form of a microsecond pulse 

binary wave-fonn number. While the system has been designed 

to orovide one of the Input parameters to a digital electronic 

computer, the methods employed can be used for other sitxi» 

atlons involving two directional motion and differential 
counting. 

H, P, Stabler 



REVERSIBLE BINARY COUNTER AND 

SHAFT POSITION INDICATOR 

INTRODUCTION 

Tha components dascrlLed in this paper have been 

developed to serve as an input device for a digital 

computer* The conçuter itself ie a component of a large 

control mechanism,, the association being such that at 

least one of the input parameters must be furnished by 

the angular position of a shaft* The shaft is free to 

turn in either direction at irregular intervals and speeds. 

Precise information concerning the position of the shaft 

must be continuously available and it must be furnished, 

to the computer in the form of a binary wave-form number* 

The system which has been developed to furnish the 

necessary mechanical-electrical link is shown in block 

diagram form in Figure 1. As the shaft rotates a pulse 

generator produces a pulse for each minimum discrete 

angular increment. These 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 is designed to distinguish the direction 

of the shaft rotaVIon and the counter responds correctly to 

both adding ard subtracting pulses. 

While the system constitutes one solution of a specialised 

problem, the reversible aspects of the counter and pulse 

generator are new, and the general method employed can ba used 

for other situations involving two directional motion and 

differential counting* 



PULSE GENERATOR 

The shaft carries a Blotted disc which serves as 6 light 

shutter for the phototubes ¥1 and ¥2. In order to distinguish 

the direction of rotation these tubes are placed as shown, in 

Figure 2» Light transitions on VI are Instrumental in causing 

pulses, provided that these transitions occur while ¥2 is 

illuminated. The transition light to dark emees a clockwise 

(or adding) pulse; the transition dark to light causes a counter¬ 

clockwise (or subtracting) pulse. If phototube ¥2 is not 

illuminated, the pulses that would otherwise result from VI 

transitions are blanked from the generator output. Thus, for 

example, continuous clockwise rotation results in a series of 

adding pulses, one being produced at the instant the trailing 

edge of each slot passes in front of the slit aperture for VI. 

The essential features of the pulse generator circuit 

are shown in Figure 3. V5 and VÊ constitute a direct coupled 

multivibrator that is stable only when one tube is completely 

cut off. The circuit constants have been chosen so that the 

high transition (¥5 changing suddenly from non-conducting to 

conducting) occurs as the potential of the ¥5 grid incieases 

above 60 volte, while the low transition (¥5 changing suddenly 

from conducting to non-conducting) occurs as this potential 

decreases below 50 volts. The sudden rise of the plate potential 

of 75 at the low transition (phototube VI light to dark) causes 

a positive pulse on the grid of ¥9, which (if ¥2 is light) produces 

a pulse in the clockwise output channel. A similar rise in the 

potential of the v6 plate at the high transition causes a positive 

pulse on the grid of V10, which (for ¥2 light) produces a pulse in 

the counter-clockwise output. Phototube 72 controle a multivibrator 

.,,,:.. ., 
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V7-V8 Identical to V5~V6„ V9 and V10 can transmit pulees only 

if V7 ie non-conducting. The differential of 10 volte between 

the high and low transition points insures that the multivibrators 

remain stable even if the disc jitters back and forth across a 

transition position. 

A complete circuit diagram is shown in Figure 4 (DWO-A-36). 

V3 and V4 are DC amplifiers for ¥1 and ¥2. Direct coupling is 

required to the grids of ¥5 and ¥8 in order to tnke care of very 

slow disc motion. Their "dark*1 potential must be below 45 volts 

and their "light'' potential above 65 volte. Pulses approximately 

15 volts In size and of 0.7 microsecond duration are obtained in 

the 70 ohm outputs. 

During rotation of the disc the potentials applied to the 

grids of ¥5 and ¥8 vary approximately sinusoidally about 55 volts 

with a 90° phase difference between them. The pulsing circuits 

have been tested by applying sinusoidal potentials from an 

oscillator to those grids with proper phase difference. Clockwise 

pulses appear when the ¥5 grid leads the ¥8 grid and counter¬ 

clockwise pulsee when the ¥5 grid lags the ¥8 grid. The generator 

operates eatlefactorily at frequencies up to 3OO kc. This limit 

can be extended if necessary. 

The photoelectric system has been operated so far only with 

a small disc having I50 slots. It is planned to produce "¿lots" 

and "teeth" photographically. The degree of angular subdivision 

possible depends on the closeness with which practical lines can 

be placed, the associated Inertia of the disc system, and the 

acceleration to which it must respond. 5OO lines per inch appear 

feasible (employing motion picture sound track techniques) corresponding 

to a direct resolution of about 2¼ minutes for a 6 inch diameter disc. 



For such an optical arrangement type 931A multiplier phototubes 

are to be used,, their plates being connected directly to the 

respective multivibrator grids and ?3 and ?4 omitted» 

REVERSIBLE COUNTER 

A conventional scaling circuit or counter consists of a 

series of direct coupled trigger paira» Suppose the components 

of a pair are called A and B tubes, and assume that for zero 

indication the B component of each stage conducts,, or is ON. Every 

other input pulse (to any stage) causes a carry-over pulse to the 

next stage For binary addition a carry-over pulse must occur on 

the transition 1 to 06 that is0 when the A component changes from ON 

to OFF» The direction of the counter progression will reverse» 

corresponding to subtraction, if carry-over takes place instead on 

the transition 0 to 1„ or when B changes from ON to OFF» 

Figure 5 shows a functional diagram of the reversible counter» 

Three counter pairs are Indicated by the six circles, the prefixes 

0, 1B 2 (and so on) denoting the power of two associated with each 

stage» The C and D squares represent coincidence tubes» All C 

tubes are associated with additive carry-over, the D tubes, with 

subtractive carry-over« A pulse to be added is received in the 

upper channel. It triggers a self-restoring multivibrator, 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 passes through a brief delay section to the grids of the first 

counter tubes« If 0A is conducting, the pulse turna 0A OFF and OC 

provides a pulse to the next stage. Similarly, a subtractive nuise 

,. _ Mm IM «i. .-.-..1. - I*....in ... 



(in the lower channel) first prepares the D tubes for activity and 

carry-over takes place when a B tube is changed from OB 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 ie counted,» The add and subtract gates must have a 

duration sufficiently 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, if they are distinguished 

by size or by polarity. Simple discriminating circuits then trigger 

off either the add or subtract gates as required. 

Figure 6 shows a schematic of one stage of the counter. The 

A and B tubes are connected in a standard Eccles-Jordan circuit with 

self-bias, and the tubes are triggered with negative pulses applied 

simultaneously to both grids. The screen potential of the C (or D) 

tubes changes from -8 volts to 'HGO volts during the add (or subtract) 

gate interval. During addition C transmits a carry-over pulse when 

its control grid receives a positive signal, caused by the rise of 

the A plate. Using 6AK5ja and the constants indicated the quiescent 

current per stage is about 10 ms, A single stage lias a resolving 

time of about 2 microseconds and a carry-over time of about 0,1 

microsecond,» 

For a 15 stage counter, the add and subtract gates can have a 

duration of 4 microseconds, ' This allows time for 15 successive 

carry-over pulses and for reasonable rates of rise and fall of the 

C and D screen voltages. The minimum resolving time between input 

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

microseconds 
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The counter is reset to any desired reading by momentariiy 

interrupting the screen currents of the appropriate combination 
« 

of A fmd B tubes» 

Figure 7 is a complete schematic of input arrangements that 

have been used reliably with a 5 stage trial counter,, In this 

circuit the delay for both add and subtract channels is provided 

by the self-restoring multivibrator Vl» VI serves to trigger the 

add multivibrator V4 as wall as V3, and V2 acts similarly for the 

subtract channel» The two gate voltages are taken from the 

cathode followers V6 and VS«, 

READER 

A simple reading circuit is shown in Figure 8» It consists 

of a series of 6as6 coincidence tubes, VOE, VIE, V2E, ---» The 

suppressor grids of these tubes fire connected directly to the 

plates of VOS, V1B, V2B, — respectively» The cathodes of the 

E tubes are kept at the normal non-conducting potential of the E 

tube plates and their grids are biased to cut-off. The E plates 

are connected to a common output circuit. If a single positive 

reading pulse is applied to the control grid of each E tube 

successively at microsecond intervals, a pulse 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 attenuation» 

The reading pulse can be Initiated by the fall of the add 

or subtract gates of the count er, so that a new number is sent out 
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whenever the counter reading changes. This feature necessarily 

lengthens the time that must be allowed between input pweee to 

the counter. 

An alternative method of generating a scanning puls© for 

each stage is shown in Figure 9. The ï tubes are connected as 

they are in Figure 8. The FS tubes are Sccles-Jordan pairs. 

Each F tube receives negative "clock" pulses of 0.2 microsecond 

duration at microsecond intervals from the synchronising system 

of the computer. These pulses normally keep all T tubes non¬ 

conducting,, O tubes conducting. When the counter Ip to be read 

a single positive pulse is applied to the gr of V9» This 

triggers the first pair, turning FQÖ off. The next clock pulse 

turne V0Ö on again and the fall of its plate voltage is transmitted 

tj the grid of Via as a negative pulse. This triggers the V1P-V1G 

pair. Via remains off the the microsecond interval between 

clock pulses and as it returns to the on state V2F-V20 is triggered. 

In this waye the F tubes are successively turned on for micro¬ 

second intervals. As each F tube returns to its normal off state 

the rise of its plaU gives the required positive scanning pulse 

to the corresponding E tube grid. 

A 5 stage reader has been constructed and operated with the 

constants shown in Figure 9» ^16 circuit is quite critical to the 

characteristics of the clock pulse,, and difficulty is experienced 

with the tendency of later stages to trigger previous ones. A 

low impedance clock pulse source and careful shielding between 

stages should increase the reliability, and some modification of 

the constants is also probably desirable. 
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OTHEÏÏ APPLICATIONS 

The pulee generator can he operated In conjunction 

with a re/ereihle decade counter and vlefual Indicator of 

the type developed hy RegenerThe method then conatitutee 

a substitute for a selsyn indicating system, with the 

advantages of lower associated inertia and higher speed 

possibilities,, 

The method can be adapted to provide precise continuous 

indication of linear displacements. Either optical or 

supersonic interference fringes are suitable to serve as 

the discrete increments counted. A directional sense is 

obtained if a 90° phase difference is Introduced between 

the fringe systems that produce signals on the two Input 

grids of the pulse generator. 

* V. H, Regener, Rev. Sei. Inst. 17, P375,, 1946. 
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MEMORANDUM M-,09 

Sox'voweaheniBias kaborawory 
tíaesaobasetts Institut« oí' i’ec'axio], 

Ceucbriâge p IfessachuBstt 3 

•Tay W, .•i’orrester,, K , fi0 EveroH 

fiubjtictó Machaníoul to Binary Oonverttsy 

app^rea-ay soaso 4o o,i vn© 50 paxxafflatora need onlv 00 knovn to a 
nubdlTlsloa accuracy o.f about X part in 123« Since tbo jaaziraaaj apead and 
ocoeloration o.t tlxe associated controls are aæàLl0 it eeeaiß likely that 
brush contacts or caxn operated leaf switches could be uaed to admitage- 

One such arrangement; la shown achsmaftically in Fignxe 1-- Bight 
einai-y figures (0 to 255) aro provided by eight can operated switches.- Th«? 
cam diace are »owited in sets of four ca two shafts; This first shaft ud- 
vansea the switches .16 digits per révolution«, «he second shaft lo coupled 
to the first by a sieohaaicaX carry-over pinion and advances X/l6th turn''eme- 
aai;;u x^volublon oí the first abaft« While the -second o/xaft ia In motion It 
Biovae at tho samo speed &a the first gjiaft., 

¿o avoid afflbiguity at the trensitlon edges (and therefore malic • 
possible reasonable tolerances for their aligntaont)„ tho digit switch®o ara 
Inactivated at each transition po ait ton by raeau j of a blanking switch.. 
Í4gar9 2 shows the phasing of the cana and blanîcing switch contact®.. 
Blanking occura over half the area« 

She circuit schematic is shown in Flgiwe 3.. She output sides of 
the respective digit switches of each parameter are connected'in parallel U 
8 tubo-, ®he input aides of all digit switch«s for.’ any on® parameter 
aro common find connected through the blanking switch to an input'line« To 
road the numbers a gate voltage is applied successively to the input line f< 
■aac5i parameter in burn«. The numbers are placed successlvelv in the ir r««- 



®ha stksceas of th© íaethod clearly de;oe»d8 oa the 
lifo,, and sçpoed posBihilífcieo of the owitchage fhs vmlt c 
deaignod as a amall compact uaito Somo Investigation of t 
céu» operated switch©a asoma warranted, after wiaich design 
parts for a model could ha andartaken, 

Other methods seem likely to require calibra'tion or adjustnsont and 
at. least- a one tihe circuit at each parameter station. 

itaic s'EUKXsasi1 

Boh Everett points out that the hlanJcing method dneori.bsd fcsra 
requires toa freçuent admission to storage • He suggests that the blaxüclnß’ 
switch instead consist of a double throw owltcJi which serveij to select ' 
which of two set« of number ©witches aro to bo road,, the two sets being 
slightly displaced in phase » 

H. ¿*» Stabler 
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S'roiaj Bo So Rieh 

Sub^oot« Notes on Visit to Moore School',., University of Pennsylvania 
m Septambar 3g 194? 

Date / Sep tambar 9., 194? 

!■ Farpos-s of Visit 

2-- Rg..c9yding 

ao Saasiklft M SSMaish &t the Mop re School p Up to the prsson'! time, the 
research'program on magnetic recording at the Moors School has bren directed toward 
development of a satisfactory recording method for use with the BDVAC0 s<’ the rs«-- 
omits achieved represent a completo working system rather than the ultima*-® i& th« 
design of auch aquipiaent., 

in the BDVACn magnetic recording media are to be used in the input 
and output deviceSo The principle features of the magnetio recording syetam in 
thess devices are ae follows« 

•Recording Medium Elated wire manufactured by the Brush Bevslopmenft 
OorapaB.y'r. 

Drive Capstan driva coupled to an induction motor by u 
clutch system. Simple servos will be used to 
turn the feeding and take-up reels and maintain 
the proper amount of tonsio a is. the wire « 

She purpose of the visit to the Moor® School was to discus.® tho use of 
raagnstl# recording as a storage medium in electronic computers» Tha discussion 
on this subject took placo with Dr» Cima» Chu and Mr» Sharpie se e Mr» Jo.u ph Phedafc®.? 
aliiiv discussed som® of feia work on mercury delay lines used for high apeetl ato raga 

Heads A single head design is used for the three functional' 
of erasing* recording and playback» A sing!» 
ring-shaped lamination of Mo-Permalloy ha® beer 
selected ae the heat type of cors for these heads.. 

... . ...u__. 
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Heoordsd Signals - Fill sea are recorded at the rate of 3000 ppa 
vlth a spacing on the «rf.ro of 40 prj.se a par 
inch.. Positive and negative unie©a .are used 
to repreueat the two hinary digito» A saarkor 
pulse o:f the order of a half-Inch in. length 
is recorded at the end of each word, 

Wlro Speed - a wírs apead of 50 inches/esc lo to he used in 
all operations' in both the input and the output 
devices exepfc when reading information out into 
the printer.. 1’or this operatic» a spsod 
sufficiently low so as to match that*of the nr^rta 
will ba used.- ' ' '• 

„ ®he main coasideratioaii in the selection of the recording medium 
, , ,,fc coffu^r ^eqy-lromenta, the recording psrforraanc® of the magnatlo mate-id 
Slî /rllEï.illty ,f thU »»»««■• Since Informtlon i0 to !* La IntÒPÍut 
mr t^ohlainfirl ^ C0Ití?'lt<9riÍn 3prÍ8,1 í'aahion' d single charnel recording such as 
ma,y be obtained on a w.tr® is tófiolent, The performance» of various niagn-tic 

recording ^di0Íná¿°ated ’°y Í?® resuItc of testB conducted by Ohu on' several 
X««hdMS* Í 00 r®ouit,{! are ah0^ la t-ho attached table. Although the 
íhush i atea Wire do os not give the blghsst resolution of pulsed signa].«!' it- vac 
selected because ic give a a relatively high output level,, baa very uniform magnetic 

TA X® co^^cially available at low coat, Spool« containing about 
2 ®ii©B of wire are to b© uoedr. 

cnfl ^ GlJtch ®y®ten t0 control the driva capstan is tc bo used for rapid 
*aA tinto v-nd stopping or the wire-, She clutch performance ie auch that the wi'V 

»“to” pS“a "* *** Up t<! •*»*» »1*W» tto iMeth si t.te r«e»rA»d 

,,.. A ®in®18 design for erasing,, reeording0 and playback was 
decided upon so that recordings may be muds for either direction of wire motion . 

conrP]-et® aysvein will contain two such heads,, one for erasing and the other fc^ 
recording or playback,, So reverse the recording direction, it ia noceoaary 
merely to interchange the function of the respective heads by electrical switching 

. ,., ,, “};ie choAc® ef 40 pnlßse per inch as the pulsa spacing on the wire 
rather chan a greater number which th® table «shows is possible waa dictated by tho 
«ïwf yM°ï rm&mg into the printer at low spoeda- She longer uulee length 
a loi>o a higher level signal to b© recorded and hence give a a higher outmt i» ti», 
playback process»- - ’ 

_0-1Hn_ ,.o , A Pnls® at tm ®ad v£ each word ie to b® used so thnt the 
tîmm! r r®co'doJ inforB3at~on with respect to the playback head ie known at all 
time jo a or the most part this recorded information is bo be used in sacuenco0 bob 

ße!'r'y t? r®t,ura t0 a previous word in the ß&quenco thio word may be 
rocatod by counting the marker púlaos, With the clutch ayotosi used, it was found. 
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that there was au eptlraura wire speed for most efficient use af th© storage a®di,uma 

Since the time required t« st«p and start the wire is a function of wire speed,, 

the marker pulse length and henea the ratio of marker pulse length to word length 

le aleo a function of vira speed - Consideration of this factor resulted in the 

choice of the wire speed ,and the marker pulse length, previously stated-, 

A special circuit is to ho used la the KDÏAQ for reading information 

from the wire.' The details of this circuit-were not discussed hut the principle was 

stated•» Because of the differentiating action of the playback haadr, the voltage 

generated in this head by recorded pulse signals has the wave shapes shown below.. 

Both positive and negative pulsea are 

Hecordlng Z-’ulse _I ‘1 

Output Voltage JV. Y— K... 

produced for a single recorded pulse > The reading circuit consista of flip-flops 

that aro triggered by the first of this pair of output pulses but are insensitive 

to the second of those pulses© The use of ¿an integrating circuit to obtain single 

output pulsos caused too groat an atténuation of the signal« to be practical« 

b» Higb.-apcaid/ Pulgji Recording,- Br.- Chu stated that ho hoped to bs able 

to start a program of research on high-speed pulsa recording in the near future . 

Far this work he plans to us® a metal cylinder plated with a layer of magnetic 

material for his recording medium,. It ic hie opinion that heads cannot b© in 

contact with the medium for operating speeds greater than about 10 ft/see without 

causing excessive wear either of the heads or of the medium itself« A greater 

recording gap length is neoassary when heads are spaced away from the madlum so 

poorer resolution must • be ejected,- For heads spaced ChOCf'1 away a the number of 

pulses that can te recordad per inch might ba about 75f, of the number that could 
bo recorded with the heads in contact with the medium. It wen his understanding 

that the Institute of Advanced Study in conducting its research on this subject 

has obtained a recording rate of 50,.,000 pps with an operating speed of about 50 ft/ sec 

3" Mercury Delay lines 

Mr© Cha ¿laker demonstrated his equipment for high speed storage in the 

KDVAC using a mercury delay lina and discussed come of the features of the line 

and ita associated circuits, The delay line consista of a column of mercury 

■22 inches long and £S/t3 inch in diam®t®r contained in a glass tube with a quart* 
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crystal mount.®à In each sad of the tube . The «'pulse packet« applied to the tube 
consiste of two cycles of a 5 megacycle frequency generated by applying a puls® 
to a ringing circuit«. In traversing the tube,, the packet is greatly attenuated 
and is slightly spread out« i«e«. it contains more than two cycleru The output 
voltage from the line has approximately the wav® shape shown belowo 

Most of the attenuation occurs In the crystal transducers«> Th«re is a 30 db loss 
in each crystal and. 6 db loes In the .nsreury colujun itself» The output packet is 
amplified, rectified« reshaped* and than fed back to the ringing circuit to cause 
another pulse packet to be sent down the delay line* In this way it may be re¬ 
tained as long as desired» 

The 22«Inch line produces a delay of 266 ¡¿s t;o that,- for the on® mega¬ 
cycle repetition frequency used in the KDVAC* 266 pulses .«ay be stored in such a 
lino. 

4 0 General 

Mr* Chedaker stated that they are lucking for a better method of coupling 
between stages in the electronic circuits. In the delay line demonstration a con¬ 
siderable change in pulse wave shape vas evident as the spacing between pulsos was 
varied from l p,a to 266 pa 

A small »odd of the BPVAC ’bad been built up in the laboratory and was 
used for testing the various components of t,h© computer However,, it was not 
operating at the time of tide vielt» It was understood that the design of the 
&DTAC has bean completad and that the computer will have been constructed by the 
first of 1948a 

¿f. J, (fdit 
Eich 
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FOREWORD 

The following report contains a survey of the field of magnetic recording, 
a summary of the work don*» in this field in the Center of Analysis at K„I..T from 
Seotembnr 194S to June 1947,, find recommendations for, further experimental work, 
The parpóse of the work was to investigate magnetic recording ns a means for storing 
information for electronic commuting machine®» 
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350 oersteds and th© lowest 33¾ to H_ ratio ’The diffarenc© 

Worir. Don; to Date 

Un to the oresent time, the investiestion of 

systems for storage -nurposôs iias covered only some p 
construction of test equipment0 design, of recordingt, 

heads, and comparison of different types of record!n 

liminary work was undertaken .to determine the best r 
the best system design for testing various storage in 

irauia number of words per unit length of the medium i 
ieat storage, the urner frequency limit of a record! 

sueed of the medium was taken as a measure of the sy 

nmgnetic recording 

reliminary stages oí 

playback0 and erasing 

g media. This pre- 

©cording medium and 

othodsc . Since a mar.- 

s desirable for effic- 

:ag for a given linear 

g tom performance* 

The recording equipment used was designed and constructed in the 

laboratory., it consisted of pulleys arranged on a panel to hold a short 

loop of a recording medium and draw it at a uniform speed over the erasing,, 

recording, and playback heads. Suitable amplifiers connected to these 

heads allowed the recording and reproduction of continuous sinusoidal signals. 

Siz different recording madia were tested, three of these being Paper or 
cellulose acetate taces coated viith a powdered magnetic material and the 
others being solid metal tapes.. A tape speed of 311/aec was used in all 

tests-., 

All of the heads viere of ring-'type core construction, since such corea 

permit record'eg of higher frequencies than is possible with other typese They 

were oriented so as to produce longitudinal magnetization in the tapess 

Demagnetization by means of a 50=.KG field acconrolishad the erasing; Process, 

and a high-frequency bias in the recording head provided a minimum of ampli¬ 

tude distortion in the recorded signal-, These methods were chosen instead of 

erasing by saturating the medium and using a d-c bias to provide a linear 

characteristic because of the higher signal~to»»nois0 ratio obtainablee 

In articles in the literature it has been shown th-t a high residual 

flux density in the recording medium gives high output at low frequencies, 

while a high coercive force contributes to a high output at high frequencies<> 

The ideal, response of the system for a constant recording-signal current is 

an output voltage proportional to frequency., However, at high frequencies the 

output voltage decreases rapidly because of «elf-demagnetization in the medium* 

demagnetization caused by leakage flus around the working gap of the recording 

head, decreased flux penetration in the medium as a result of skin effect, and 

a decrease in flus linkages through the Playback head "because of its finite 

air-gap width.. Self-demagnetization is a function of the slope of the demag¬ 

netizing portion of the B»I! curve; therefore the ratio of residual flux density, 

to coercive force, HCc has been described as a figure of merit for the high- 

frequency response of a given medium. For a low Bg, to Hc ratio* aelf-demagnet¬ 

ization is lees and the output at high frequencies is greater. 

Demagnetization caused by leakage flux at, the recording head is mini- 

mioeu by using a core material with the highest permeability possible at the 

flux done!ties involved and recording with the minimum flux density consistent 

with output requirements a 

Hysteresis loops and frequency response curves were plotted for the.siz 

magnetic tapes previously mentioned. The beat high-frequency responso wae ob¬ 

tained from on® of the oowder-coated tapes which had a coercive force of about 

which waa aboutt 2 .,¾., 

SÎ.WÎÏARY 
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in rdspoBB© "betwoen solid motel tap©a and coated onea, howe/er,, ma not 

wholly indicated by this rátid, For exarapl©, a solid tape having txn Hc 
of 215 ««rated» and 13¾ to ratio of 28 gava approxiraatoly the name high 

fraquoncy rasponee as a coated tapo having an H0 of ISO oerotedp and a 

3¾ to Hc ratio of 5A „ In general a high coercivo force ir* desirable In 

. a magnetic recording medium,, 'trat this value is limited to about 400 oorated?, 

because of the difficulty of producing sufficient MM3? in the heads for 

erasing and recording* 

Operating with optimum values of signal and bias current« for good 

high-frequency response„ it was found that the 'boot nowder-coated tape was ono 

obtained from Minnesota Mining and Manufacturing Company and the best solid 

me tel tapes were Vicalloy and the Brush Development Company“ s plated tapoi( 

the latter two giving approximately equal results* The Vi cull cy tape is a 

homogenaous metal e v;hereas the Brush plated tap© has a thin magnetic jila ting 

on a bra aß atrip,. Assuming e. mini mura 3 igual - to-ao i ¡te ratio of 25 db as 
defining the upper frequency limit of recording,, It was observed that the 

MMM powder-coated tape allowed a maximum of about 1200 cycles per inch of tape,-, 

while the Vicalloy and the Brush plated taps each allowed about 800 cycles per 

inch., 

SocommM^ipnjJ'o^iyr^e^^er^ntel^Worke 

■The beat method for utilising a magnetic recording medium for storage 
of information must be determined by further research» Since the speed at which 

the medium io driver, governs the rate at. which information can be recorded and 

removed» this speed should b© as high as possible,. The limit in this respect 

would be set by the mechanical considerations of strength of the medium,, wear 

on tho heads and on the medium,, end maintenance» of uniform contact between the 

heads and the medium0 Baaed on reports of work at other institutions, a speed 

of 50 to 100 feet per second should bo practicable0 

Pulse signals instead of modulated sinusoidal signals should be investi¬ 

gated. It is reasonable to assume that a discrete miso can be recorded on the 

earn,a length of tape or wire that would be required for the minimum number of 

cycles of a .sinusoidal signal that would.excito the circuits of the reading equip¬ 

ment » On the basis of the response figures stated above„ about 200 pulsas per 

inch might be recorded. In. addition, the use of pulse oigualo would greatly 

simplify the design of the recording and reproducing circuits-, 

Means for improving head design should be studied. A determination of 
the leakage field around idle recording head would he particularly helpful in. 

«electing the core material and method of core construction* \For high-speed 

operation a ring-type erasing head could not be used,, so an. alternate type 

would have to be designed and tested. The windings on the recording and play¬ 

back heads also would have to be designed forth© high frequencies or short 

pulses used. 

Multichannel recording on a flat taue is feasibles and possible appli¬ 

cations of this method of recording to computer problems should be determineda 

By using heads with thin cores, the desired narrow recording-oaths may bo 

obtained.. In a commercial disk recorder manufactured by the Brush Development 

Company a spiral path is used, giving the equivalent of 40 channels Per inch-. 
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Keans for locating a marbicnlar -nisee .of recorded infovaatlon are 
essential in computer aorjlicptions . This -orabably will have to l>e done ’try 
recorded merking and eynchronislnfí signals which govern the driving mechan- 
igm,. 'pha way in which this contre'., may he obtained is a problem izî electrical 
and mechanical design which ¡nightbn solved by the apnlicati m of servomech«« 
aniaffi principles or by a, suitable -arrangemont of clutches » Multichannel 
recording offers certain advantages oy°r single-channel recording in the sol¬ 
ution of"these problema? with multichannel recording more information can be 
stored on a given length of the medium, so that less movement of the. medium is 
required to locate and reproduce the information» 

i 

DISOUSSIOÏÏ 
« 

The Nature of a Magnetic Recording 
.» 

A recording on a magnetic medium such a« £ wire or tape consists oí • 
variations in the intensity of magnetization along the medium* These variations 
in intensity of magnetization-are usually produced by drawing the recording 
medium at a uniform speed past the role pieces of a recording head and varying tne 
magnetomotive force of this recording head in the desired manner.. To reproduce 
the recording, the medium is drawn past th° pole oi'cee of t\ playback head, and 
the change of flux linkages induces a volte go in this head corresponding to the 
signal impressed on the median, .¾. recording maybe erased or removed from the 
medium simply®by passing it either through a strong unidirectional magnetic 
field which saturates sll portions of the medium or by passing it through a 
strong alternating field to demagnetize it, A comparison of these methods of 
erasing will be made in a following section. 

Tyoes of Magnetic Recordings 

Magnetic recordings may bo classified into three types depending on 
how the magnetizing field is applied to the medium? (l) longitudinal, (2) per¬ 
pendicular , and (fl) transverse, in which the magnetizing MMF gradient is res¬ 
pectively along the length of the medium, along the thickness dimension, or 
along the width dimension as shown in Fig» 1» For & round wire, perpendicular 
and transverso recordings are, of course, identical,, 

Tyoea of Head Construction 

In order to evaluate theas types of recordings, some knowledge of 
recording and playback head construction is necessary. A few general types ox 
core construction are shown in Fig,, 2* It is seen that these may have orsen or 
closed magnetic circuits and my have pole tins on one or both sides of the medium 
The designs of Figs. 2(a) and 2(b) are applicable to -transverse as well as 
perpendicular recording merely by changing the orientation of the pole nieces 90 

that they contact the edges of the medium rather than top and bottom» The 
designs of .Fi,gs., 3(a) and 2(b) may also be ’used fftr longitudinal recording by 
shifting one polo piece slightly along the longitudinal axis of the ts.ue as in 
Fig, 3(b). The ring type core of Fig» 2(c) is used primarily for longitudinal 
m&gne ti za tion » 

Comparison of Types of Rs-eordfags and’ Tyoas of Hoads . 

Longitudinal magnetization is used almost exclusively in present-day 
magnetic recording equipment » The chief reason for this is that the ring-type 
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core vith a vary small air ßar> allows a signal of shorter wavelength to he 
recorded and reproduced than is nose •me with other tyres of core construction. 

An air-gat) length of 0,0005" is easily obtained with ring-tyne cores» For 

rv»XT>endicular or transverse recording, core construction of the tynes of Pigs.. 2(aj 

and 2(b) is necessary and the shortest wavelength that can he recorded is., to a 

first anr.roximation at.least, limited by the thickness of the pole nieces. To bo 

mechanically rigid these pole nieces must be' of the order of a few thousanths of 
an Inch thick» so the shortest recorded wavelength is several times that obtain¬ 

able with the ring-type core. This comparison is evident from Figs, 3(a) and 3(c).- 

The fact that solid metal recording materials are, more easily magnetised in the 

direction of rolling or drawing and that the ring-typo head allows easy removal 

of the tape or wire and does not require adjustment are further reasons for the 

use of longitudinal type recording. From a practical point of viow, a perpend¬ 

icular or transverse recording in the case of a wire recording material is ruled out 

by the tendency for the wlra to twist as it is drawn past the heads. 

Methods of Recording,- 

The' residual flux which constitutes the recording on a magnetic material 

is related to the MMF of the recording head by the familia:- B-H curvea of that 

material, so this relation can be considered linear only ov-'r a restricted rangs. 

In recording systems where amplitude distortion of the reproduced signal must be 

kept to a minimum, it is necessary to use a •"biasing" MMF in the recording process 

to ensure that the desired linear transfer characteristic is obtained. Prior to 

about 19¿2, the recording method in úse employed a constant unidirectional biasing 

MMF in the recording head and a recording medium that had been saturated in the 

erasing process by a unidirectional magnetic field. The erasing process leaven all 

portions of the medium with a flux density Bp as shown in Pig* 4, The biasing 

MMF is of the proper m-gnltude and direction to reduce the flux density in the 

portion of the medium at the pole pieces of the recording head to the value indi¬ 

cated by point P of the hysteresis loop of Fig,-, 4, ïf a signal MMF, H(t), is 

superimposed on the biasing' MMF, E., the amount by which the flux density of a 

given element of the medium is reduced is determined by the total MMF in the 

recording head at the time that element is at the pole nieces of the hoed» If 

the minimum MMF is H-. and the maximum is H„, the flux density of successive ele¬ 

ments will be loweröd to values corresponding to points between M and U .on the 

B-H curve of Fig, 4» When the tape elements leave the recording head the applied 

MMF drope to zero and the residual flux density rises along minor hysteresis loop« 

to corresponding values between Ms and 1T{» By proper choice of biasing MMF and 

signal amplitude, then, an approximately linear relation between signal and 

recordéd flux may be obtained. 

About 1942 a recording method employing a high-frequency or supèrsonic 

bias was adopted. This method permits recording on a demagnetized medium, so that 

the noise level of. ths output is much less than for a saturated medium, while the 

maximum signal amplitudes are approximately eaual*ln the two cases» This improve¬ 

ment in .signal-to-noise ratio has resulted in almast universal adoption of the 

high-frequency bias where minimum non-linear distortion, is desired, A signal-to- 

noise ratio of 50 db with only a few percent distortion is practicable with this 

method of recording. Bias frequencies used In commercIs 1 sound recording equip¬ 

ment are in the range from 20 ICC to 60 KG, 

1 
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A complet© theory of recording on a magnetic meditan hy tho¡ high» 

freouency bias method hag not been published. Such a theory woufu involve 

coneideration of magnetic shin effect0 the finite width of pole pieces or 

recording air gaps, daraagaetí.satlon in the maditan» and lealoige flux aoou'o 

the recording head. However, a qualitative explanation of the recording 

•process neglecting these effects is easily made. Assume a bias freouoncy 

of 30 KG, a signal frequency of 1000 cps, a tape speed of lO"/sec, and a 

recording air-gap width of OcOQltt„ For this case any element of the 

recording medium is in the recording gap for lOO^flyjec or 3 cycles of the 

blae MMF. The total MtF applied to an element of the recording medium is the 

instantaneous sum of ^he signal and biab MMF1 s as aliown in Fig« 5(a) » The 

bias MMF amplitude is approximately that reouired to just pass the lower knee 

of the magnetization curve. An, element of the medium in passing the gap of 

the recording head, then, is subjected to an MMF which forces the flux dens¬ 

ity in the- medium through a series of minor hystérésis loons as shown in 

Fig« 5 (c) , (d), and (o) «. These figures are for elements of the medium that 

enter the gap at times t\, tpt and t respectively (ace Fig« 5 (b)). Upon 

leaving the gap these elements have residual flux densities of B?, B , and 

as shown in the figures. The effect of this high frequency bias $ra to 

remove the curved portion of the magnetization curve at the origin and give 

a linear relation between signal MMF and residual flur; density» It should 

be pointed out again that the preceding explanation is incomplete since an 

accurate plot of residual flux density against signal MMF would show a com¬ 

ponent of the bias frequency present. In practice this is not observed prim¬ 

arily because of the effect of denagne’tizatlon in the medium. This ©fleet,, 

which will be discussed later in connection, with magnetic properties of 

recording media, causes elemento of the medium having a length that is? small 

compared with thickness to be ’brought to essentially the sumo resiclual flux 

density, so that the bias-frequency component iß löste. 

Signal Reproduction 

The reproduction of a signal that has been recorded on a raa§«©t,ie 

medium Is essentially the same for all types and methods of recording « The 

types of core construction oho\m in Figo 2 apply to playback as well as 

recording heads » For a given system the orientation of the pole pieces or 

the air gap should correspond, to those of the recording head so that a maximum 

number of flux linkages through the playback head winding will be produced oy 

the residual flux from the recording medium0 It has been found that the ring- 

type cora is superior to other types for Playback heads for the oam© reasons 

as for recording heads. 

Erasing 

As has been previously mentioned, a recorded signal may be erased 

either by saturation or by demagnetization of the recording medium» Saturation 

is easily accomplished either with a permanent magnet or with an electromagnet 

of p. type similar to one of those of Figo 2» For this purpose,, of course, 

neither narrow pole pieces nor a short air gap is necessary. An obvious method 

for demagnetising a recording medium is to papp it through the center of a coil 

in which alternating current is flov/iage This method is not generally used 



however, hgcause shielding of the recording and playback heads from the 

high leakage field becomes a nroblenu Present practice is to use-a closed^ 

core as shown in Figo 2(c) having: an air gao of 0,010" to 0.020'» in contact 

with the recording mediam» A high-frequency M?’F of sufficient magnitude 

to raise the fluor density of the medium to as-turatiou is ann]:.ed to the 

medium while it is passing this air gap. As the taue leaves the gap, the 

flux density io effectively reduced to zero by the demagnetizing effect 

mentioned in connection with the recording process» 

Frenuency Response of a Magnetic Recordj.ng_^y_qtgnn 

It is very difficult, if not imoossible, to compute theoretically 

the frequency response characteristic of a given magnetic recording aystom^ 

If it could bo assumed that a constant current in the recording-head winding 

produced a constant magnetizing WMF and hence a constant reaiaual llux c.ena 

3ity for all frequencies, then the voltage generated in a ring-time playback 

head under ideal conditions would be 

" &n f con tòt 
¿I 

This corresponds to a straight lino rising 6 tTb per octave when output voltage 

in db io plotted against the log of frequency as shown by the broken line in 
Pig. So ÿhe actual respoac® from a typical recording system ior a constan 
recording current falla below the ideal resuonce both at low frequencies and 

at high frequencies as shown by the solid curve of Fig. 6. The drop at the 

low-frequency end occurs when the wavelength of the recorded signal is coût» 
parable to the physical dimensions of the -olayback head» By reference to , 

1 Figs » 7(a) and (b), it is scon thot when the recording medium is in a position 
to produce the maxiaruai flux through the playback head, only a fraction of the 

total flux links the windings for long wavelengths while substantially all of 

the flux links the windings for short wavelengths. This results in a decreased 

cutout voltage for very low frequencies. 

The drop in output at the high-frequency ead is due to several factors, 

the major ones’ being demagnetization in the recording medium, leakage field • 

about the recording head, and the scanning effect caused by the finite vidfch 

of the air gao in the playback head.. Magnetic skin effect In the recording 

medium and. eddy currents in the core of the olayback head may also contribute 

under certain conditions» 

It io well known that aa the ratio of the length of a bar magnet to 

i■' g thickness decreases!, the field at one end of the magnet due c.o the polo a-t 

tbe other end increases o This "solf^deniaígnetifiatio»," reduces the total i leid 
strength» At high frequoncios, then; when the half-wavelsngtb. of a recorded 

signal approaches the thickness of the medium a similar condition exists vmere 
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the 3 oc tí. on of the raed'um a 1ml f-wavelength long is considered as an 

individual magnet. For 'a magnetic tar>e 0,,001 " thick running at a sneed 

of 10 inches ner second., the frequency having a half-wavelength equal 

to the tape thickness is 5000 cycles Per second* 

A continuous recording of a sinusoidal signal may he considered 

as a series of magnets each a half-wavelength long with like poles placed 

next to each other. For this case the field at any point is a resultant of 

the field of all magnets in the vicinity» As the length of these magnets 

decreases, the influence of neighboring magnets becomes more pronounced, 

and reduces the effective field of an individual magnet. The magnitudes 

of these demagnetizing factors are difficult to calculate sinew they depend 

not only on physical dimensions but also on the distribution of the magnet¬ 

ization and thA magnetic properties of tha recording medium. However, it 

can ba shown that materials of high coercive force and low realdual magnetism 

suffer loss demagnetization than materials of low coercive force and high 
residual magnetism. 

The fluir that enters the recording medium from a ring-tyoe recording 

head is that which fringes the air gap,. In the ideal casa this flux enters the 

medium only in the area that is between the gap faces as in Fig. 8(a)„ Actually 

the leakage flux around the recording gap spreads beyond the gap faeess and 

enters the tauo on either side of the gap as shown in. Fig,, 8(b),» It is evident 

that if the direction of the recording MMF Is reversed before a magnetized 

element of the medium leaves the region of this leakage field, the element 

will suffer some demagnetization.. This situation,, of course, exists when 

short-wavelength or high-froqaency signals are being recorded» The use of a 

core material having a high-saturation flux density and recording with as low 

an MMF as possible helos to minimize demagnetization by this leakage field» 

The decroaa© in output as frequency is increased that is caused by 

the finite width of the air g&n in the playback head is readily computed to be 
tha function 

S 
siaTf A. 

where a> is the gap width anctX is the wavelength of the recorded signal. The 

loss due to this effect, however, is a small part of the total loss., For 

example, a signal of 10 KC recorded at a greed of 10l!/sec has a wavelength of 
0,,001^, and assuming S - Q»0005,! the value of the above function is Í., or about 

A do» The total loss under these conditions is normally several times this 
valus » 

The effect of eddy current set xxo in the magnetic medium during the 

recording proesns and in the core of the playback head during playback have not 
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Vi»«, evaluated. If the operating oueed is? such thrt very high frequ.enciss 

are recorded, it is rea 3 enable to assuffis .that oome .Loss ou tout at high 

frequencies occurs as a result of these eddy currents. The cores of ulay- 

back heads are usually laminated to minimize eddy current loases in the 

reurcducing process* Of course skin effect at the bias x requency ± íeiívk th-e 
nonatration of flux into the recording mediumv but this causes a decrease .in 

output level for all signal frequencies and would not affect the shape oí the 

response curve, 

ReoufremeatB in a Magnetic Recording System,.■> 

The design of a comolete magnetic recording system involves consid¬ 

er-1 tion, of many factors. Certain properties in the recording medium, the head 

and the drive mechanism ara basic requirements, while the materials used, the 

actual form of the equipment, and its’operating speed are determined by 
particular application for which the system is intended.. From the information 

contained in the preceding discussion it is possible to enumcTabe some oí che se 

requirements o 

High coercive .force and low rosidual magnetism are essential prop¬ 
erties in a. recording medium whei'e maxintuiu high^írequoney response or gooa 
resolution of pulsed signals is desired.. However, in practico coercive :,0100 

is limited to 360 to 400 oersteds by the difficulty of obtaining suxficioisily 
high magnetizing fields in the 'recording head without excessive leakage xluxo 

The valuó of residual magnetism also must be sufficient go that a usable output 
level is obtained from the playback head<> Reducing the thickness of s bS.pe 01 

the diameter of s. wire decreases the clevnagnetizatíovi of a recorded signal, The 

lifiiit to reduction in sise in this respect is set by considera^j-ous oí mochan.^ 
íce.l strength and output lévalo High resistivity is another desirable oropel t.y 

in the recording rnediu.su Higher resistivity reduce n. the magnetic sicin ex feet 

• and allows greater penetration of flux in tho recording proceas.* The cnoic® • 

of solid metal or powdered materials and of tapa, wire, or disc form depends on 

tha particular application of the aya tern,. Solid metal materials are^ mechan¬ 

ically strong and experience little wear with.use* .Powdered materials coated 

on a suitable backing give better high-frequency response, but have a low 

output and wear out after a few thousand playings0 Wirts occupies less space 

than flat tape when wound onto a reel so is advantageous when a 1 oug recording 

time is desii’edo 

It is evident that for the core of the recording head a fcigh-per*- 

eability material should be usad. In particular it should have the highest 

saturation flux density possible along with a negligible residual magnétisa’,-, 
It mu3t also be of laminated construction to reduce eddy currant effects 

particularly at the bias frequency.> To facilitate win-ing of tue coils on 

ring-“tyne heads, the cores are usually made in two parts6 and. nis xaesa on 
these two parts are ground to give a good fit on assembly«, Ho spacer is used, 

in the recording gap if maximum high-frecuonoy response is desired. The tyre 

of viinding used depends somewhat on the design oí fcne anrliiiers supplying, ths 

bias and recording signal3,« Both high“'!nipedan.ee and "1.ow-»’iinoedapes windings ai0 
found on commercial recording equipment„ the former type being coupled directly 

to the plate of tho output, amplifier and the latter coupled through a suitable 
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transformer.. Where high 'blag and signal frequencies are eranloyed, transforasers 
generally cannot he used » Fur tnei'iöore t care must be taken to keep dis tviouted 
capacity in the.coll to a iniuimtun to avoid resonance effects within the oper¬ 
ating range» Separate windings for the Mae and recording signale may he 
utilised, and have the advantage of more simple amplifier design when economy 
of tubes is not important* 

» The core of the playback head should satisfy the general requirements 
Of low loss and negligible residual magnetism as in the case of the recording 
head. However, its important characteristic is initial permeability* which 
should be ae high as possible.. Although best zdcults would be expected from a 
magnetic circuit having a single air gap, it is more practical to divide the 
core as has boon doacribed for the recording head» Symmetry in the core and 
In the windings placed on the two halves gives the further advantage o:f loss 
pickup from extraneous magnetic fields* In any case magnetic shielding of 
the playback head is essential,) especially with low-output-level recording 
media such as the powdered material.8« A high-impedence winding to connect 
directly to the grid of the playback amplifier is usually satisfactory* although 
a low-impedence winding and step-up transformer may be desirable if the head is 
very small or if the core has been formed in one piece* 

The reqxxl remonte for the core material of .the erasing head are id en u- 
leal with those of the recording head« Its features of construction are also 
the same except that a grp of OnOlOM to 0n020(i is nacosss.ry„ Its winding should 
be designed to obtain a maximum power transfer from the erasing amplifier* 

For faithful reproduction, the recording medium should pass the 
recording and the playback heads at as nearly a constant speed as possible* 
Bínee fluctuation In speed will cause variations in both the amplitude and 
the frequency of the reproduced signal * For this reason somo typo of tx’iccion 
drive is u$k1 instead of gears or belts* Usually a mechanical filter arrangement, 
such as a rubber-tired idler engaging both the motor shaft and the rim ox a 
flywheel on the drive shaft is incorporatod in the speed reducer design* 

The choice of the form of the recording medium determines other 
requirements in mechanical construction, of a recording system* For long re¬ 
cordings on. tap©t suitable reeln and a, rewinding mechanism are nocessazy *■ ihie 
also applies to long recordings on. wire f; but in this case level-winding devices 
to prevent bunching of the wire on the reels must bo providad® For recordinga 
of a few seconds or less a continuous loop of tape or wire may be formed and 
passed over a series of pulleys? a. disc of magnetic material might also be used, 

Since alight variations in the contact be tvson the recording medium 
and. the recording and playback heads will cause considerable variation in 
amplitude of the reproduced signal, the medium must be guided so that these 
do not occur* Equally important for good high-freqfioncy re sponge la proper 
alignment of the recording and playback gaps» Both gaps should make tne same 
angle with the direction of tapo motion* Since for high frequencies the wave¬ 
length on the tape approaches the order of magnitude of the .gap width,, a small 
difference in these angles will causo a substantial loss in output* Tne 
difficulty of maintaining this adjustment in commercial equipment prevents 
the uso of wide cores to increase the signal level from the playback head* 

try^^v^hr;;^r^py^q;yi:f^t^r.-:e-r.r.v!ryfir.---rcr:“«ryr^y.vr-rr»-^ir?r-.7>n:"rr\'-v-y-’’" 
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Krpa]'lroan.ta.l üwitic 'Recording ¿y:?.taw 

ï-ho general features of the recording system designed for experi¬ 
mental purposes in the Center of Analysis laboratory are chown ta Figa» 9 
and 3.0c» The base end front are of l/4}! alumimjm and of standard panel width 
for mounting in a rack» Tho pulleys shown will accommodate loops oí tape 
from 54» to 60“ long and up to l/4wwlde, A brass idler pulley maintains 
tención in the tane0 The mounting niâtes for the heads may be tilted in any 
direction by thumbscrew adjustment,- They also may bo raised, and lowered sad 
rotated about an axle perpendicular to the tape« This flexibility in the head 
mounting allows different «Isos and typos of heads to be adapted to the machine» 
'The drive shaft in mounted on ball bearings with the drive pulley on the front 
and a brass flywheel behind the panel* The drive pu’ley is turned by friction 
between the flywheel rim and a rubber-tired wheel on the motor rhal't The 
motor is R 1/125 HP d-c motor with split field windings» To obtain an adjustable 
speed over a wide range by field control,, the field windings are connected in 
parallel to a 220-volt line through suitable rheostats and the armature is 
sun ■>lied from a 110-volt lino» There are two rubber wheels on the motor shaft 
so that two ranges of speed can be obtffaad by shifting the mot nr to engage one 
or the other wheel with tho flywheel» By this arrangement the spaed may be 
adjusted from about 3„5n/aec to 8M/sffiC and from 11”/sec to ^“/sec» The spaed 
controls and an on-off switch» as well as input and output plugs, apnoar on 
the front panel » 

A schematic diagram of the complete recording system is shown in 
Fig. 11* The amplifier circuits and head construction were changed from tine 
to tisne, and space does not permit a description of all tho designs tasted.» 
Those that were used to obtain the curves included In this report,, hwwever, 
will be described,, 

The erasing head has a unlit ring**type core of OcOOS" x l/4M Kipersil 
laminations stacked to a thickness of l/8w, the laminations being perpendicular 
to the radial direction of the cor«,. This core was obtained from a Haytheon 
UC-7360 pulse transformer. The head has a single winding of '25 turns of Ho,, 25 
wire and a working air gap about 10 ails» video At 50 KG this head hag an 
inductance of 3.,2 ah and a Q, of about 5» 

The recording head ie also of split ring-type construction but in 
made of 0,005” 4-79 Mo-Permalloy laminations, In this head the laminations 
are parallel to the radial direction and are stacked to a depth of 1/9“, making 
the face of the head l/S" wide as compared with 1/4“ for the erasing head. The 
laminations are shaped so that the width of a lamination tarera to l/l6n at the 
working gap as shown in Fig, 12„ Two windings are placed on each half of the 
core.. The signal winding consists of 26 turns on each hr If or a total of 52 
turns„ and the bias winding 150 turns on each half or & total of 300 turns. 
Number 20 wire is used for all windings. Since the faces of the cores were • 
grojjnd to a close fit, it is estimated that the working gap of this head is 
less than 0.000511, The bias winding has an inductance of 6,-3 rah and a Q of 
about 2 at 50 KC* The signal winding has an inductance of 4l0yu.h at 1 KC» 
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1 The playback head is a. Brush Development Comsaay tyu© .BI.-919 head.-. 
It has s core l/8" wide of larainstioas approaciraatel;.’ 0.,03.5fl thick and is mounted 
in a ¡ftolded Bakelite holder encaged in a jnagnetic shield.. The core is a split 
ring type with a winding or. each half« The two halves with their windings are 
symmetrical to reduce pickup from extraneous fields. Data on the number of 
turns of the windings is not available, hut the measured inductance is 300 mh 
at 1 KCc 

As can be seen on the diagram of 7ig,> 11,, four separate amplifiera 
are used in the complote recording systems for erasing, bias, recording, and 
playback: respectively^ Circuit diagrams for these are shown in ?igse 13,. 14,. 
150 and 16„ 

The erasing amplifier, Figo 1-3, and bias amplifier, Fige 14, are 
similar; they consist of ah inverter stage driving a push-pull power amplifier 
stage» The plate loads of these power stages consist of the windings of the 
respective he*da tuned for parallel resonance at 50 KC and coupled to the plates 
of the tubes through suitable condensers. The small resistance in series with 
the bias winding provides a means of measuring bias current » Maximum values of 
50 ma erasing current and 35 ma bias current were required, for the heads used. 

The recording amplifier. Fig» 15, also consists of an inverter and- 
push-pull power amplifier but is coupled to the signal winding of the recording 
head through a transformer. It was designed to provide a constant current of 
20 mn max« through the winding for constant input voltage, over a frequency 
range of 100 to 15,000 cues. The desired constant current characteristic is 
obtained by providing a negative feedback voltage proportional to output current« 

The playback amplifier, Fig« 16, is a two-stage H-C coupled amplifier 
having an essentially flat frecmency response from 100 to 13,000 cps* To prevent 
the appearance of any 50 KC voltage from the erase or bias fields in the ampli¬ 
fier output» a low-pass filter with cutoff at 20 KG was addedWith this filter 
the amplifier response at 50 KC is 50 db below that at 18 KC. Its gain at 
1000 cps is 26.3 times or 28.4 db. 

Results of Tests on Experimental System. 

With the recording eoutoment described above tests were conducted with 
six different recording media to evaluate the performance of the enuipment and 
determine what factors required further investigation to improve high-frequency 
response or resolution of discrete signals representing ceded information. Up 
to the present time the data obtained is insufficient to allow conclusive state¬ 
ments to be made regarding some features of the system and recording media. 
Certain results however are significant. 



'ühs roooi’diag rnsô.ia -used da the tests vere all of tape fora and 
included 'both powdered raafceri.F-la and solid ¡nótele, ono of the latter being 
in the form of a ’Dinting on a brass tapo* These te.peo were the following:-: 

sound DESCHXPTiOI 

Solid metal 

Gut from a sheet 
•found in laboratory 

Solid metal Steel 

Solid metal 
plated on brass 

Brußh ülateci 

Powder coated on 
c el lui ci es ace ta t e 
film 

Brush Bevelonment Co Powdur coated on 
paner 

Powder coated on 
vsver 

Drawinra showing cross-sectional dimérisions of these tapes and the magnetic 
materials in them ai’e presented in Fig» lTtl 

Hysteresis loops for each of the materials in, tope form for a 60 cpa 
magnetizing force were obtained by meimo of the B««P curre tracing aquipnsnt 
described in the Appendix* From these curves the following valúes of coercive 
force and residual flux density were determined* , 

CCTRCÏYE FJHCÏÏ (1¾) 
{OKRS'fFfOS)__ 

sisntuju.- mm mi DESCRIPTION 
(GAUSS) 

Vicalloy 

33rush paper 

Hyfl*ax 

* for peak HMF of 1300 oersteds * The magnetic material in the 
Hyf1 m. tans has an exceptionally high coercive force and the available magnet 
ialng equipment would not produce sufficient MMF to saturate it. For this 
reason the figuren given above for Syflux are not the true values of Hc and 
3-3 but are somewhat lower* 
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In Figure 18 are shown tho completa hysteresis looss for those tapas 
all drawn to the same scale » These curves and the tabula tec. value e of Hc and 

%1 obtained from them are included nrlmarily to show the order oí magnitud© 

of the rnantities being considered. Because of limitations in the test equip¬ 

ment,, sources of error exist which have not been measured precisely,, From 

correlation with known values » however, it is estimated that the-errors do 
not exceed 10 percentc 

All of the tests performed on the recording equipment y ere at a tape 

speed of 8”/sec,which of itself imposed an upper frequency limit of about 

10,000 cps on the recording<> This wa,s dene to reduce to.po wear,, reduce 

amplifier design problems, and allow use of & lower bias frequency» Heglecting 

second order effects0 the shape of the frequency response curve is a function 

of taue wavelength rather than actual frequency-» Therefore, tests taken at a 

low speed were considered to be indicative of system performance at higher* 
speeds« 

A frequency of 50 KO was need both for bias and erasing« ït was 

observed that for ratios of bias frequency to signal frequency of less than 

50 modulation effects occurred, causing distortion of the output signal» 

As might be expected, the maximum level of the recording signal for 

distortionless recording varies ”ith different recording media,, with bias 

amplitud?', and with recording frequency « In tho tests to be described the 

recording signal level was kept sufficiently low to avoid serious distortion 
from any of these causes 0 

Oomoarltive response curven for the six recording media with approx¬ 
imately their normal values, of bias current are shown in Fig,-, IS, The general 

shape of each curve corresponds to the typical response of Fig,. 6» Tbs output 

levels at low frequencies to a first approximation are the comparative signal 

levelB that can be expected from the different media., It can be seen that there 

is a direct relationship between these levels and the respective values of Bg, 

previously tabulated* The curva for Brush plated tas© does not- show this 

directly cinco it is a narrow tape Irving a width roughly l/lO that of the 

recording path on the other tapes., However, since the signal-to-aoise level 

is an 'roximately the same for all media, this difference in output level at low 

frequencies can he compensated for by proper amplifiers., Therefore,, it is the 

frequency or more accurately the wavelength at which maximum response occur a and 

the slope of the response curve for high frequencies that indicate the merit 
of the recording system© 

As has been pointed out previously, demagnetisation in the tape and 

leakage flux at the recording head ere principal factors causing the decrease in. 

response at short wavelengths* Since the demagnetisation factor depends on 
the Bp ratio,, as would be expected there is s, correlation between the frequencies 

. ., _...,. : 
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at which, ».ximua response occurs ia Fig., 19 and the sbaue of the B-H curves 

of Figo 19o The steel taue bus the highest Br ratio and lowest tcaximuat“ 

%¿ 
response frequency, while the I-IKM tape has the lowest '% ratio and highest 

maximum-responsa frequency« HT 
w 

The magnitude of the drop in high-frequency response caused hy 

leakage flux at the recording head is not evident from the response curves 

of Fig,, 19,., However,, the effect of this facto?’ is illustrated in Fig, SO 

and 21, which to response curves for two recording media for different 
values of bias current « For the higher values of Mas currant, or recording 

MMF„ the marirauffi“response frequency is lowered and fcho response curve falls 

more rapidly with increasing signal frequencyo 

Some information on the variation in. frequency responso with changes 

in bias frequency was also obtained* The tests which were made show only a 

comparison between bias frequencies of 50 KC and 140 ICG whore the magnitudes 

of the respective bias currents were adjusted to ¿ive equal outputs for low 

signal frequencies* Figure 22 shows the results for the Brush plated tana 

and the MM tape which are typical of the results from all of the 'tapes » A 

slightly higher output was obtained for short wavelengths signals hith the 

higher bias frequency than with the lower bias frequency<, The reason for 

this is not knows; whether it is a function of the skin effect in the tape,, 

the leakage flux distribution in the recording head, or the mechanism of the 

recording process as discussed on pages 7 and 8 muat he determined by further 

experimentation r, 

ggcg.TmgBMiiLQU9._for JFm’.ther Jiggoriinental Worka 

The test results thr-t have been discussed in the preceding paragraphs 

point out a lack of information about, several factors in the recording process 

and suggest some changes in equipment design for studying storage methods* 

The most obvious fault is excessive leakage flux about the working gap of the 

recording head» A' core '.Raterial such as permendur which has a very high 

saturation flux density should be tried, and. the tips of the core might be 

shared so thrt they contact the tme only at the gap* This would give a some® 

what longer path for the unwanted leakage flux,* The effect of grinding and 

polishing after heat treatment on the permeability of the core tins is not 

known, so a means for accurate determination of flux distribution around the 

recording gap would be very beneficial in the design and construction of 

recording heads* 

Since the speed at which information may be recorded on and read from 

a magnetic storage medium depends on the speed at which the medium is moving,, 

teats should be conducted to determine the practi sal limit on operating speeds 

and the results of recording at such speeds* It is estimated that these «peed« 

might be of the brder of magnitude of 100 ft/sec« Such high speeds would reqtdï e 

a redesign of the erasing head as well aa the recording and playback heads * At 

these speeds an erasing frequency thrt exceeds the highest that, could be re¬ 

corded would no't have sufficient penetration for complets erasing.* For this 

reason, erasing or demagnetization of the medium would hav-- to be accomplished 

by a low-frequency decaying field such as would be obtained by passing the wire 

or pape through the’tenter of an air-corod coilc For high speed operation, 

of course, the recording and playback heads must be designed for the high 

frequencies or short pulses which would be used* 



Circuito for supplying and reading the coded information to be 
stored nhould be built for use with the recording system, Although little 
information is available on techniques of recording pulse signale,-, H is 
reasonable to assume that the length of a recorded pulse- on the medium would 
not exceed that requiredfor recording the minimum number of cycles of a 
sinusoidal signal that would excito a tuned circuit in the reading equipment, 
for the latter type of signal This is assuming that sinusoidal signals of 
two different frequencies would he used to represent the two binary digits 
and that the reading eauinraent would contain filter circuits for separating 
the two frequencies, ‘in the field of carrier telegraphy it has been found 
that at least 5 cycles of a sinusoidal signal are renuired for such selection.- 
The use of pulse signals„ therefor®» should not result in a loos oí recording 
capacity, while it allows the recording and reading circuits to be of much 
simpler designo The use of a high-frequency bias signal in nuise recording 
would be unnecessary since a linear characteristic is not required’ iiOwe"ert. 
the resulte of recording with different bias frequenciesc as shown in Figo 23 
Indicate that, the effect on pulse amplitude of using a bise signal should be 
investigated. 

On a flat Recording medium such às a taue or disk it is possible to 
obtain more than one recording' tracks in electronic computer ic».orone 
the additional tracks might be utilized for synchronizing signals or for 
recording additional information which is not required to be read independ¬ 
ently of that on the parallel tracks» An estimate of the width and spacing 
of such tracks may be obtained from data on the Brush Development Company 
disk-type recorder. Using a powder-coated paper disk, it produces a sound ^ 
track OoOXA" wide and spacing between tracks of 0*011“„ or the equivalent of 
40 tracks per inch. Heads with thin cores are used for obtaining these 
narrow tracksn 

The probiere of marking the location of specific information recorded 
on a magnetic medium and of positioning the medium for removal of that infor¬ 
mation require separate study. Multi-channel recording on a flat me dura has 
certain advant'-ues over single-channel recording in those respects, ?ome 
of these advantages aro; (l) a separate channel might be used for synchronizing 
and marking signals? (2) Information might oe grouped on sections of the tatic^ 
thus reducing the time required to position the tape for playback? (s) recording 
might be done in opposite directions oa adjacent chamais to avoid loss of time 
in rewinding or (4} successive signals might be recorded on'separate channels 
to allow recording at a higher pulse repetition rato; for example„ with four 
channels, pulses 1, 5. 3, IB etc», would be recorded on or.® channel, nuises 

6, 10, Id, etc,, would be recorded on. another channel, nuises 3 11, 15 
etc, wo iid be recorded on a third, and nuises 4( 8„ 12( 16 etc«, woird be 
recorded on the fourth channel « The solid metal tapes providing several 
channels also «to stronger than wire media so would be desirable where rnnid 
positionitg of the medium Places considerable stress upon it« 

• if 

■i :¾ 

i ; 

11 
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ïbe nroblera of no si Sonias the rf>corctins medium is one of mechanical 
design £ a well as electrical control » The solution mpjr lia in a suitahl® 
atrolication of servonjachan 1 sm oriaciploB or in the construction of a satis¬ 
factory system of clutches to engage the tane o.in wir® system with a rotating 
drive shaft as do niredo 

ritten by. 
píM«tfcüRvtliSHE.lCir S 

Ap'oroved by 
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1PFMDIS 

B«>M Curve tracer 

To proTide a means for comparing tr-steresia loops of various! 

magnetic recording tañes„ equi-nment for tracing 3--H curves on a. cathode- 

ray oscilloscope was developed. It consista of a magnetising aoleáoid 
wound on a cylindrical tuoo which, will allow insertion of a piclaip coil 
down-the center of the tube, and suitable circuits to give the desired 
horizontal and vertical deflections on the cathode ray oscilloscope (CRÛ) 

A diagram of the magnetizing coil is shown in Pig» 23. Tne pickup coil 

is wound on a slotted form so that a length of the tune to be tested can 

easily be threaded through it-. When in position for making tá ate,. thon,, 

the nie Imp coil is moved to the center of the magnetising coil and tho 

tape peases through both coilgo 

The theory of the operation of the equipment is as follows A 

60tcycle sinusoidal magnetizing force is generated in the magnetising 

coil by passing BO-cgeie current through its v/inding»' Since the magnat- 

iziag force is proportional to the current flowing, -the voltage drop 

across a resistance in series with the coil is proportional to H and 

can be used to give the horizontal deflection on the CRÛ* Furthermore 

the voltage induced in tha .pickup coil is proportional to tho rat© of 

change of flux through it', so the integral of this voltage is proportional 

to the flux through the pickup ceil« if this flux were entirely within 

the tape,, then this integrated voltage would also be proportional to the 

desired value of flux densitye B* and could be used to give the vertical 

deflection on the CRO„ The -oickup coil nsedc however„ necessarily had a 

cro-s-sectional area aevoml times that of a tape, so that the actual flux 

in the taoe is only a fraction of the total flux through the coil:, For 

this reason a second pickup coil similar to the first but without a slot 

was nlaced beside the slotted coil in the magnetizing field« By connecting 

the two pickup coils in a suitable balancing circuit, a resultant voltage 

pronortional to the flux through the tape alone is obtained.. The i&togral 

of this voltage, then, is proportional to the flux density in tlie 'teue« 

Since the croas-“sectional area of the magnetic material in the 

taps is not the same for all tapes0 the circuit must be balanced for each 

measuremento To accomplish this a calibrating coil was also mounted with 

the pick-up coils.) This calibrating coil was coretracted to produce a 

voltage equal to that generated in the slotted pickup coil if it had a 

cross-section of 1/4” x OoOOS1’,, or the dimensions of an average tape. 

Calibration thus consists of adjusting the output of the pickup coils to be 

the proper fraction of the voltage from the calibrating coil,, this fraction 

being determined by the ratio of the taue area to the average area of 

CROOOS aq, 5.nc The construction of the complete pickup coil asapmbly is 

shown in Figo 24o 

Circuit diagrams of the amplifiers usad with the 2---11 curvo tracing 

equipment ara shown in Figures 25 and 26,, The H«arspli£ier (Figo 25) consista 

of a single stage with a phase-shift control.; It has a gain of 9C The 

B'-ampliflar (Figo 26) contains a two-stage preamplifier 0 an R-C integrating 
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circuit, and a three-stag* final anvlif ier* VTifin' ineasurenenta are being 
taken on solid m°tal tañes having a high flux density, the* •oreanrolifier 
is not re< uired and may be gvitched out» The measured values of gain at 
60 cpg r-re 40 for the nreamnlî.fier, l/l65 for the integrator, and. 3680 
for the final * am^l If 1 c»r, or an overall gain of 892.,0, The requirements 
of high gaiv> and s^ro ohase shift over a band of frequencies necessitated 
careful design of the amplifiers. Comoensating circuits find Bjegative 
feedback were used to obtain the required Phase characteristic« It was 
found necessary to uso a d-c filament voltage because ovan, small amounts 
of piclaro fi'om a SO-cycle filament current caused ob,1ectio;iablo distortion 
in the curves traced on the CH0„ 

The procedure foi making a hysteresiß-loop measurement and doter« 
mining the scale factors xa as followos A. schematic diagram of the equip¬ 
ment is shown in Figo 2?«, The pickup coil assembly without the tape sample 
is positioned at the center of the magnetizing coil and the twitchoa ara 
adjusted so that the output of the calibrating coil, mvoears as the vertical 
deflection on the CRU« This deflection is adjusted to a convenient value by 
means of the gain control on the CRO, The calibrate switch is then thrown 
bo its "teat" position and the balance control adjusted until the vertical 
deflection is the procer fraction of that observed for the"calibrate" position 
this fraction being determined from the cross-sectional area of the magnetic 
material in the tape in the manner previously described. The phase control 
is now adjusted so that the trace on the CRD is a single straight line. Uext 
the tone to be tested is inserted into the pickup coiI„ It should be long 
enough so that it extends a few inches beyond either .end of the magnetising 
coil. Suitable adjustment of the gain controls gives the desired 3~M curvo 
for the tapo. 

The horizontal eqcM-q factor for the B--H curve obtained is determined 
in the following manners The output of the calibra ting coil is measured with 
a voltmeter for the same magnetizing current a« used in the test,, This 
voltage,, oC! is 

-B ,.. -g 
X 10 - Ri3Ac; a. BCE! cos tÆ X 10 

(1) 

where N(, is the numb'ï of turns on the calibrating coil, L0 is the cross« 
sectional area of this coil, and Bcffl is the maximum value of flux density 
in it» Solving for Bcm and substituting constant values gives 

BCm « 3,9 X 104 ?JC (2) 

v/here is the r.mofjr, value of e... 

The magnetizing force, H„ is numerically equal to B, eo if dg is the peale-to- 
peak horizontal deflec’-ion, the desired scale factor for the abcissa, 

dB 
ICAC 

dt 



Sp ;;; o.>9 x » ?,R x 10^_.. oersteds- ‘oer (,'5) 

■ d¡.£ unit distance 

To determine the vertical scale factor, the poak-to-neak horizontal 

and vertical dsflectioaa of the Ïï-Iî curve are q'öserved» The horizontal 

deflection should he the same as that for which Ec vas mecaured. Then the 

magnetizing force is removed and a 60 cos voltage from an oscillator or a 

potentiometer placed across the power line is applied to the amplifier imputo 

The magnitude of the voltage required to produce a vertical deflection equal 

to the horizontal deflection observed for the B-H curve is measured with a 

voltmeter0 Lat the r.>HU9» value of this voltage T** V., 

It is evident tlr-1 if this value of V is equal to E0 then the vertical scale 

factor, Sv„ for a tape of average cross~sectiona.l area is the same as the 

horizontal scale factor or 

(4) 

SO 

gausses per (5) 

un.it distance 

However,, since Ec# end hence 1, depends on the total effective flux through 
the pickup coils and not on tha flux density alone, the factor relating 

the cr*jas~8ectional area of the tape« Am, to the average area, A^,, which 

was used in the balancing step must be includod in the expression for Sy., 

Therefore the complete expression for the vertical scale factor in 

Sp-» 7o8 X 10** ^ V gausses nor unit distance 

•àï dg 

In the operation of this equipment certain limitations were noted 

’■•hich might be removed by s change in design. The most objectionable defect 

is the tendency for the C3Ö trace to drift up and down on the face of the 
tube. When tapes requiring a low vertical gain getting are being tested, 

this drifting is slow and of smal■ magnitude, but with high vertical gain 
settings it is rapid and of considerable amplitude. This jumping is caused 

by fluctuations in the supply voltage which produce spurious signals a.t the 

plate of the first tube. These signals ere passed on to succeeding stages 

by the high-time-constant coupling networks, A regulated a~c supply and* 

extremely stable d-c supply would be required to eliminate this drifting« 

The presence of harmonics in the 60-cycle magnetizing cinveut also 

is objectionable. Those harmonics change the shape of the B-H curve and 

result in an incorrect B---H curve measurement. 

% & 7„8 X icff Ec gausses per unit distance 

dty 

Por V not equal to E0„ Si; is changed in .the ratio of V 

“Sr 

¿i E« 
Sy s 7,3 X 10r S xj_ 7,3 X 10 V 

d- H d- H 
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For tests on tapes with small cross'-sectional areas, an additional 
calibrating coil corresponding to a smaller area than the one described 

would provide more accurate balance adjustments. 

The use of a higher-frehuoncy magnetizing current would be rery 
desirable in. many regoects« In e,'>rticular it- would upniiii. siup3.©ï 
amplifier design, require less airrtjlification, and reduce the benaency 
for the pattern on the oscilloscope screen to drift. The 400-cycle power 
available in the laboratory was ruled out, however, because oí its high 

ha rmoníc con ten t o 
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SYMBOL OR TSHM 

î-fi-ffi1 

oersted 

gauss 

H 

B 

Hc - coercive force 

Bß - residual flux density 

B-H curveo 

jly - perraeaBility 

- initial permeability 

- maximum permeability 

Saturation 

Saturation flux density 

Flux lintegct! 

Page 33 « VJ 

gABLP, OP SYMBOLS AND DSPIMTiO^S • 

BaFINITlOF 

Magnetomotive forco,. 

Unit of magnetic field intensity or -magnetising force„ 

.Unit of magnetic flux density» 

Magnetic field intensity» 

Magnetic flux density« 

The magnitude of the magnetizing force at which the 
flux density is sero when a mgnetic material is 
being symmetrically cyclically magnetlKeds 

The value of flux density for the condition of zero 
magnetising force when the material is being symmet¬ 
rically cyclically megnetizefu 

A plot of the flux density In a magnetic material 
as a function of magnetising force« 

Ratio of flux density to magnetising force« 

Ratio of flux densit" to magnetising force for very 
esrrrll values of magnetising force« 

Maxiraum value of g that occurs as the flux density 
in a magnetic material ie increased from sero to 
saturation« 

■ Condition that exists when flux density has been 
increased to the point‘where the permeability is 
equal to unity*; 

Flux density at which the permeability drops to iinityo 

Product of total flux passing through a coll times the 
number of turns in the coil,.. 



Heporí; H-Í124- 

Material 

Mo-1-1 ennal ly 

Vanadium 
Pormendur 

Hipex'sll* 

Vicalloy 

Brush nlo,ted 
Taue 

Brush Paper 
Tape 

DBSCRÏPTIÛN OF mGTOIC M&TBP.IALS 

Coimioaitlon Px'opertiea E2BSSÄ 

16 
M„ 79-04 
Mo, 4,0^¾ 
.¾ , 0., 6$ 

M2 „000 
72,000 
5,000 g&usfjea 
0o05 oersted 
55 /¿ohm/cm 

Saturation flux 
density, 8500 gausses 
Hysteresis loss at 
Saturation 200 ergo/cc 

Al le gheny Ludluta 
Steel Gorpc. 
Erackenridge D Pa - 
Mr»William S* Spring 
IClectrical Sales '-‘'ng.- 

Fö, 49,0^ 
Co, 49o0f5 
V , 2„C# 

■j , 800 
ni» 

%» Ia,000 gausses 
ïïc# 2 r.0 oersteds 
/° s 26 ^ohm/cm 
Saturation flux 
density, 24,000 gausses 
Hysteresis loss at 
saturation, 6000 ergs/cc 

( Same as for 
Mo“Permalloy) 

Pa b 96-974 
SI, 2-4/. 

Bp, '15,400 gausses (Hon© of this 
H~ 2 oersteds (aoprox) material wag 

, 58 /6 ohm/cm Purchased) 
Saturation flux 
density, 20,000 gaussee 
Hyatereeis loss at 
saturation, 5000 ergs/cc 

Va e 6-104 
Go, 26-62/ 
Fe, 30-52/ 

Hc, 200-400 oersteds 
Bj5, 5000-9600 gaussa a 

Western Elec,, Cor. 
19 5 Broacvey JÎ »T... C -, 
Mr. 0., 0-.mentor 
Coordinator of 
College Relations 

Co, 80/)T)latinfi. Hc, 200 oersteds 
Mi, 20/) ° B^, 6000-10,000 gausses 

Brush Development Co« 
3405 Perkins Avenue 
Cleveland-. Ohio,, 

Powdered magnetite Hc„ 100-200 oersteds (Same as for Brush 
coating,narticle Bj., ¿00-700 gausses Plated tape}' 
diameters less 
than 1 micron 
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Material_ 

Hyflux Taue 

ConîooBltlou 

Metallic powder 
coatings compõe- 
Ition unknown, 
particle dia¬ 
meters leas than 
1 micron«, 

Properties- 

Hc¡( ?00-5f30 oersteds 
3jj,t 500-1500 gausses 

source, 

Mr„ John P„ Manley 
The Indiana Steel 
Products Co«, 
'58 Park Sq-Bldg« 
Bostono MbsSo 

MMM Tape Powder coating, 
convnoaition 
unknown0 

H C) 550 oersteds 
Brc 750 gausses 

Mr» McKnight 
Minnesota Mining & 

GOr> 

51 Sleeper Street 
Boston«, Masa» 

Manufacturing ùrocess prodxxcos orientation of crystals so 
that there is a oreferred direction of magnetization in 
the material » Therefore the material must oe used so that 
the flux path Is in this preferred direction« 
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Project V/hlrlwind 
Servómechanieme Latoratory 

t MaasackueettB Instituto of Tecï'mology 
Cambridge,, Maaeachueett s 

SUBJKÜTs PROPOSE» PROGRAM .FOE IHVEgglG^ÆIOg M MáS3Êi£ÍS MgSMMii 

Toj Jay Vio Porro et srt, Ro R» EvorottP H» Pahneetock,. and Ho Ho Boyd 

?rom; Mo So Rich 

»ate; September 2Ct 194? 

îhe following program la proposed for ejrporiraental iavontigation of 
magnetic recording for application to the Whirlwind Computaro= 

PhPPaii4l'JllAL SggjjP 

aa Raoordlng Equipment o ïhe recording equipment should conaiat of 
apparatus for driving a continuous loop of the recording medium at linear speeds 
up to about 10 ft/seec A system of pulleys mounted on a panol would be adequate 
for this purpoBöo A constant speed motor could ba used,, and the various speeds 
could be obtained by changing the amount of speed reduction between the motor sue. 
the drive pulley■> 2ho .pulleys would be made to accommodate either wire or flat 
tape up to l/4tt in widthr She initial experiments would ba made on a powder-coatsá 
tape since suck tape is easy to handle and readily available at low coot,, anà since 
head designe and recording methods that are satisfactory for coated tape would bs 
uuitable for any other tape materialo She heady would be designed so that narrow 
channels may bo recorded,, and provision would be made for mounting a maximum of 
three of each type of head on the panel in such a way that the spacing between 
channel a may be adjusted^ 

bn .Recording»Signal Generator. The recording«'signal generator should 
be capable of producing either a aeries of pulsee of like polarity or a series of 
pxficos of alternating polarity= It should be possible to vary the pulse length and 
the spacing between poleoa Independently « She variation in pulse length should ba 
approximately from 34*s to 50**0* and the variatioA in repetition frequency should be 
from about 500 pps to 200,,000 ppco 

Co Playback hcmlomenU Por reproducing the recorded signalß0 a high-gain 
video amplifier for each recording channel will bo necessary* These ■ should have s. 
band width of .approximately cm© megacycle « An oscilloscope or a synchro acope would 
be used to observe the reproduced pulseso 
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du Eraalnp; Simal- ilrasing will bo accomplinhed V a high íroqiioncy 
o igual probably In the range from 10 Jcc to 60 tec A variable-freqaoncy oscillator 
and power amplifiers will be required to drive the erasing heada» 

■PHQPOSBD PROOmiHll 

ao Design and Tejjting of Heads. In generalc the design of the heads 
would be similar to the ring-type heads used la commercial sound recording equip“ 
ment', However an effort choulä be made to keep them ac small aa possible and to 
design the windings for satisfactory operation with short pulses'. Shin cores 
must be used to producá narrow recording channels« 

So obtain, reliable information from the. recording system it will bo 
necessary to determine the character loties of the heads* '.Che recording head should 
produce changes in flux at the recording gap which will correspond to the pulses 
to be recorded« i'ho waveform of this recording flux could be observed by placing 
a small plclrap coil around the recording gap, and ob nerving the waveform of the 
voltage produced after It has been suitably amplified and integrated* 

The playback head must satisfactorily respond to the most rapid 
change of flux across the pickup gap that will occur« ïo determine the performance 
of the playback head its frequency response could be measured by applying a 
sinusoidal signal of constant amplitude to a small coil wound over the pickup gap 
and measuring the output of the head as a function of frequency* 

The erasing head can host be tested by observing its performance 
In a complete recording system* 1% would be desirable to measure the field strength 
and distribution about the working gaps of both, the erasing head and the recording 
head bat no means for doing this is evident« 

b* Pul a o Recording« in a discussion with Mr« I,:srett6 it was agreed 
that the following questions have to be answered before further decisions on the 
use of magno tic recording for computers can be made« 

(X) How many pulsea can be recorded per unit length of a 
recording channel? 

(2) How closely can channels be spaced with separate erasing 
of each channel? 

(3) How far does the erasing field extend along a channel0 l*«»* 
can it be localised for the erasing of a single word? 

The number of pulses that can be recorded per unit length of a 
chaxmal is a function of the recording pulse length and amplitude,, the recording 
gap length* and possibly the tape speed« The influence of each of those -parametere 
should bo Investigated to determine the optimum amplitud© and length for the 
recording pulses» 



6345 

î4e mor andina M-106 

ïho problem of obtaining oat1ofactory erasing of a localised 

uortion of a recording madlum in probably one of nrasing head design» it would 

bo expected that a thin core and a short air gap would confine the erasing j-ie-d 

to a small area as in the caso of the recording head,, bat the effect oí a ..arger 

leakage field that would be caused by the higher signal level required for erasing 

is unknown> 

PLAYBACK HEAD FOR KSADIHG AÆ LOW i’Al'h iUdlhlj.S 

Sines a minimum tapo speed of a few inches per second la necessary to 

develop a useable voltage in the playback head«, seros moans of reading a tape 

independently of speed would be desirable» In particular, such a means would per¬ 

lait reading directly into a printer and also would maleo it possible to use recorded 

signals for servo positioning of the tape. To the knowledge of the witor such 

heads have not boon developed but the following design might be practícalo jQ&- 

struct a core of a single lamination in the form of a ring having a single air 

gap at the uoint of contact with the tapa» Kile a portion of the core opposite tno 

air gap so that it has & smaller cross-sectional area than the rest of the core» 

Place a winding on each sido of the air (gap and the filed portion,, and apply a 

small Elnusoldal signal to one winding. The second winding is connected in such a 

way that the output voltage to bo used is the difference between the applied ullage 

and that induced in the second winding» The number of turns on the windings nr® 

adjusted so that this output voltage is zero whan a demagnetised portion <u «apa 

is over the air gap« However, when a magnetized portion of tape is over this gap,, 

a steady flux is set up in. the core causing a change in th© reluctance or wee 

magnetic circuit, particularly of the filed portion, and heneo a changa in the , 

voltage induced in the second -winding. The output voltage then would be dijeren-» 

from sere and would indicate the presence of a recorded signal at the air gap» 

The success of a head design like that Just described would depend on 

obtaining the required change of reluctance for the very email values oí fluí, 

produced by the tana signals« The core material of course, should show a large 

changa in incremental permeability for a small change in the direct component of 

MMff applied to it« It would be possible to add a small direct current, to tue a"’G 

signal applied to the first winding and thus bias the Load to a point on its B-R 

curve wtiere the greatest chango of reluctance will occur « This not only would 

increase the sensitivity but also would permit detection of positiv© as well as . 

negative polarity signalcu The polarity of the recorded signals would be indicated 

by th© relative phase of the input and the output voltage a ot «he head« 

A playback head operating on the principle cutiabove probably 

could not bo used at high tape speeds when short pulses have been recorded.» lor 

such a caso,; a correspondingly high frequency would be required for exciting th® 

playback head« That la, a few cycles of the exciting signal should occur during 

the playback pulao« Sine® the incremental permeability of a magnetic material 
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decreases with increasing fro quo ne y it probably would be impossible to obtain 

the required change in réluctance in the head for oxciting signals having a 
frequency of moro than a few thousand cycles per seconde Howeverfi if it is 

a8¡sained that the exciting frequency ia 1200 ope and that 3 cycles occur during 
each playback pulse» the output pulse length would bo 2,5 milliseconds» This 

would correspond to a repetition rate of 200 pps if the spacing between pulses 
ie made equal to the pulse length» This typo of head» then» would be satisfactory 

for reading into a printer,, while a conventional type head could be used for high 
speed reading into the computer0 

Signed 
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Project Víhirlwinô 

Servomachani eras La'boi'atory 

Massachusetts Institute of Technology 

Cambridge» Massachusetts 

Paga 1 of2 

SUBJECT: OUTPUT TYPEWRITER - PRIÍjTSR UITIT FOB WHIRLVnihD.1 

To: J. W. Forrester 

From: R. R. Everett 

Date: November 13„ 1947 

The information in this memorandum has been prepared hur» 

risdly and is for discussion purposes only. 

10 There are three kinds of output data from the computer: 

A. Oraphlcal 

This Is the most efficient way of presenting large quantities 
of data for human understanding,, The results of most scientific cal- 

cula-tions will appear in this form» 

B. Physical 

The use of the computer in simulation and control problems 

will require converting the numerical outputs of the machine to physical 

quantities. The graphical outputs mentioned above could bo considered 

a form of physical output in which the motion of the physical member 

is recorded In some fashion. 

C„ Numerical 

The bulk of the numerical output of the machine will be for 

its own use or the use of other equivalent machines at some, later time- 

This numerical data should therefore be left in the form understandable 

to the machine, that is, in binary notation and on film. Some numerical 

outputs will be required, however, which can be understood by human 

beings. This information should be in decimal form and carefully ar¬ 

ranged for easy comprehension. A printer should be available which can 

not only print the decimal numbers but arrange them in columns .along 

with such punctuation and alphabetic notes as may be necessary. Re¬ 
production can be accomplished photographically directly from the printed 

page. It is important that no human copying be required. The amount 
of'such, data to* be printed will vary widely according to the problems 

being compute ', Tt would be very small in simulation and control pro¬ 

blems and probably in most problems of physical investigation. In 
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cenbub work, iho amount of information to be printed may be very large0 

2. It is possible to devise high speed automatic decimal film printers 

which could record very large quantities of information^ These printers 

would become very complicated if alphabetic date were added to the re¬ 

quirements. In view of the type of problems proposed fox- Whirlwind I 

it does not seem worthwhile to engage in a development program ior a 

high speed printer at this time,, Instead some already available auto¬ 

matic typewriter or teletype printer will probably be used. 

This printer will not operate directly from the machine but 

rather from one of the machine11« output films. It seems likely at this 

time that the printer will operate from binary coded decimal data on 

the film, the conversion from binary to decimal having been accomplished 

In the arithmetic element of the computer itself. It may later be de¬ 

sirable to build automatic conversion equipment for the printer itself, 

so that the computer can put out binary data only. Since the printer 

works from film and is entirely separate from the computer, its opera¬ 

tion rate will not slow up the main computer unless the average printing 

rate required is very high. It is alv/ays possible to use several printer 

if the printing rate becomes too high. Tha printer should be able to 
understand alphabetic, punctuation, and spacing Information stored on 

the film. Some of the extra film channels can be used to indicate these 

processes. It would be very desirable if the printer could be enuiped 

tfith some automatic shedding procedure which could determine the actual 

character printed and compare i' with tho data on the filra. 

3. The complete instructions as to spacing« and alphabetic Jiotes to 

be printed could bo put on the output filra by the computer which could 

transfer this information from the input film. Another possibility is 

to provide a separate film reader or paper tape reader which would have 

the specific purpose of instructing the printer. Since the printing 

sequence is probably cyclic, this separate tape could probably be short. 

Paper tape might be more satisfactory if it required a simpler reader 

than the film and were already available. It would still be necessary 

•; provide, code marks on the film for special instructions. Printing 

instructions could be placed on the computer input film or the printer 

•instruction tape at the same time that the entire problem is set up. 

R. R, Everett 


