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IKTBDDUOTION 

There are three general types of Input and output equip
ment required for Whirlwind I. These are) 

a) Numerical 

35mn film wi l l be ussd for Inserting and extracting 
numerical Information from the Whirlwind computer. The general 
outl ine of the proposed system l a given In H-73, Vol. 11 . The Sastman 
Kodak Progress Report In Vol. 11 desorlbes the actual film reader-
recorder In sore d e t a i l . Some project work has been done on automatic 
oonrersion on a decimal keyboard to binary numbers on the f i lm. This 
work i s described In a thes is )y David J, Crawford In Vol. 12. H-157 
desorlbes br ie f ly some of the requirements for an output pr inter . 

b) Mechanical and ELeotrloal 

The f i r s t work on the conversion from mechanical and 
e l ec tr i ca l Information to numerical information for the computer to 
use in simulation problems was dons by R. P. Stabler. Els report in 
Vol. 11, ent i t l ed Reversible Binary Counter and Shaft Posit ion 
Indicator, desorlbes th i s work. M-89 In Vol. 11 describes a simple 
mechanical to binary converter. The report li-129 in Vol. 12 la a 
survey by H. P. Stabler of the whole conversion problem from shaft 
posi t ion to binary numbers. Some of these methods are actually con
version from e l ec t r i ca l quantit ies to binary numbers and many of then 
oan be reversed for oonvertlng computer output data to phyoloal 
quantit ies . The project i s continuing work on these problems, 

o) Graphical 

Bo reports are given on graphical recorders. It should be 
possible to use one of the graphical recorders already developed by 
the Sastman Kodak Company for other purposes. 
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FILM READER-RECORDER FOR USE WITH COMPUTER 

I 
Under contract N6ori-205 The Eastman Kodak Company Is 

developing a device both for recording digital records 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 irfput to a computer. 

(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 films, 
preparing new program film using parts of old orogram 
film, and correcting errors that may have been mnde in 
preparation of a film. 

The film reader-recorder io being designed with a view 
to the widest possible amplication, 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 500 fifty digit binary words per second. 
Positive signals for both O's nnd l:s 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 rates such as this. This research will 
lead to the establishing of practical values for such quantities 
as (l) spot si26, (2) 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 
employed for number storage, "his 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 has 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 ,010" long. If the digit is 
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a "1" the spot In the line or lines reserved for the work will 
be exposed; if a "0" the spot in the line or lines reserved for 
the Invert will be exposed. See Fig. 1 and Fig. 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 si?e permits 50 channels plus 
timing markers to be stored across 35 n™ film. Therefore, 50 
fifty digit words plus their inverts can be stored along one inch 
of 35 M" film- Thus 60,000 fifty digit numbers can be stored 
in a small 100 ft. roll of 35 mm film. • 

At the beginning of the project various 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 most re
liable light sourcs 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 5JPH tube with 2000 V. post acceleration and commerlcally avail
able films, Eastman Super XX, Eastman Recording Ortho, and Eastman 
Recording Pan, indicated that ample light output would likely be 
available if a 5EP11 tube were used with post acceleration of 10 
to 20 KV. 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 is used, but the margin seems to be suffi
cient for reliable results. At the present time experiments are 
being curried 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 l/?0 can 
be used to advantage in obtaining more light since the decrease 
in efficiency when high beam currents are used seems to be due 
to the average power dissipated ar.d, 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 he 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 he made in 
the reader-recorder for film motion in either dlreotlon (however, 
they will furnish the two dlreotlon drive whenever It Is neededc) 
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 considered4 The prototype film drive la being made to pro
vide PO 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 correctlone in films. 
WJ th 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 neoeesary to 
start and stop the film motion as rapidly as possible. A magnetic 
clutch will be used for this purpose. Tests already made on 
such clutches indicate that the stopping and starting time can 
probably be made less than 10 milliseconds and further tests will 
soon be made on an improved design. An automatic loop former will 
be employed to reduce the load on the clutch, especially when 
1000 foot rolls of film are being used. The loop muBt 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 teatod 
until the entire film drive mechanism is completed. One method 
involvee the use of a roller on the end of a long lever whose 
position is held within bounds by limit switches controlling a 
small servo motor. In the other method the arm position Is main
tained by a proportional servo built according to suggestions of 
the M.IoT. Servo Laboratory 0 

A schematic of the proposed optical system is shown in 
Fig. 3 &&& * schematic of the proposed electrical circuits is shown 
in ?lg. k for the double sweep method and In Fig. 5 '•* tn« single 
sweep method. Let us first consider recording. The computer will 
have stored a number of words, perhaps 50 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 drum drive. 
Light from a lamp is focused through these slits onto a phototube, 
giving a signal each time tho drum drive advances sufficiently 

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.



* 

I to permit the recording of another digit. This timing signal 
passes through a limiting amplifier and starts a sweep, if the 
gat6 between the limiting amplifier and sweep circuit ie open. 
This gate is provided so that the film may he advanced without 
the recording of a serlas of zeros as would he the esse if no 
gate were provided. Coincident with tho starting of the sweep, 
the beam is unblanked and remains unblanked until the sweep has 
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, but some of it is reflected and 
focused onto a monitoring mask. The clear holes in the monitor 
mask are only half or lees the width of the clear holes In the 
C.R.T. mask and are phased with respect to the hole6 in the O.B.T. 
mask so that light can pass through the monitor mask only when 
the beam ie 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 through the Invert position. 
The signals pass through limiting amplifiers and are sent back 
to the computer unit so that the whole transmission rnd recording 
process can be checked. In addition those signals are combined 
in a mixing circuit and the resulting signal is transmitted simul
taneously along two paths. Along one path the signal passes 

I 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 nignal passes 
through another delay and to a trigger pair which controls, 
through a D C amplifier, the vertical position of the beam. 
Both delays prevent any deflection of the beam until the sweep 
has oompletely traversed the spot which furnished thu stepping 
signal. The second delay la not necessary if both zoros and ones 
are furnished from the computer unit. However, if only ones 
ara furnished it is necessary to always put the trigger pair 
into the zero position after the sweep lias traversed the spot, 
but before the next digit is stepped into the reader-recorder. 
These deflections, of course, take placa behind the nask. At 
the end of the unblanking 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 30 positions 
the beam for the second sweep. A third trigger pair counts the 
two sweeps and at the end of the second sweep sends n signal to 
the oomputer unit indicating that the recording Is completed and 
that the oomputer unit may check the process and prepare to fur
nish another word. . 

For reading, the mask over the C E.I. Is changed ao 

that a scanning spot (probably ,005" x ,01?") can be projected 

onto the film. Also a prlsn is inserted to form two images of 

the sweep, one covering the wovd poeltlou, the other covering 

the Invert position. At the sane time the beam splitter is ra

it will be noted that this method of reading ie different 

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

lifty phototubos, one looking at enoh channel was to be used and 

the film van to ba Illuminated vlth a steady light source. 
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moved to allow all the light to fall on the reader phototubes. 
The power will be removed from the recording oirouits not in 
use during reading. The holea in the render 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 whioh "looks at" the timing signal reoorded along 
one edge of the word. This region of the film is illuminated by 
a steady auxiliary light souroe. 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 one plaoe to the right making room for 
the next digit. As in the reoording process, at the end of the 
first unblanking pulse a signal is sent to a trigger pair start
ing the second sweep and also positioning it. 

* A simplified breadboard recorder has been built and 
made to reoord satisfactorily. A 16 mm cine kodak with a speoial 
motor drive and with a shutter arranged to open only during the 
pull down was used. Sinoe no computer unit or stepping oirouits 
similar to those whioh will be used by projeot Whirlwind were 
available from V.I.T., a stepping circuit was designed and an 
eight plaoe stepping register built. Tho circuit is fairly 
simple requiring only S triodes (li 6J6'n) per digit. The circuit 
will step up to a maximum rate of about V50 K.C. per sec. 

The type of mask used for the single sweep method is 
shown in Fig. 2. This method invOiVjs the oircuit changes that 
can be seen in Fig. 5. Although i; is not mandatory that both O's 
and l's be furnished by the computer unit it is considerably more 
difficult to work with only l's when the single sweep method is 
employed. The lower vertical deflection plate is now used to 
position every other digit Instead of tho second sweep. This 
method has the advantages of (l) resulting in less slant error, 
(2) simplifying the optics somewhat, but has the disadvantage of 
(l) requiring muoh faster deflection circuits, and /2) requiring 
muoh more careful timing of delays and sweep rate. 

Tests on the single sweep nethod 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 whioh is now known to work. There has as 
yet been no actual recording but all the equipment (control and 
an additional 8 plaoe stepping register) has been built and most 
of it is working satisfactorily. Uicrophotometer traces of the 
recordings will be made in order to measure the 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 
Projeot Whirlwind, has been built on another projeot and used to 
process 16 mm film at a rate of 8 ft. /min. It is small and ex
tremely 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 
machine 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. reels of film. 
To process 1000 ft. of film will require about a gallon of deve
loper, a gallon of fixer, and several gallons of water if the 
film is to have good lasting qualities. 

Although some parts which oould be used in th6 prototype 
reader-reoorder 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 cheek both the recording and reading oper
ations. In the meantime tests on individual components will con
tinue. For instance teste 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 oould be very greatly reduoed by using them under pulsed 
light conditions with a low duty oycle. 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 rooorder. 
However, since we are operating with a somewhat higher duty cycle 
than that used in the earlier experiments we feel that further 
controlled tests should be performed on a number of tubes. At 
the same time we hope to oheok the life characteristics of a number 
of cathode-ray tubes since no such characteristics useful to us 
can be obtained from the manufacturer. 

We have been using a 10 KV RF power supply, the Dumont 
263A, and a 30 KV 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 has been ordered and 
wo hope to run exhaustive tests on it to determine if it will 
meet our requirements. 

Projeot whirlwind asked if we might incorporate in 
addition to the above features, two other features (a) the ability 
to take ntnjlo framo pictures of the entiro face of the oathode-
ray tube and (b) the ability to remove the normal cathode-ray 
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tube and replace it with a bank of smaller tubes for multi-ohannel 
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 oameras, it was jointly 
agreed that this feature should not be incorporated. The second 
feature involved sufficient changes in the power supplies, optics, 
and tube mount to require essentially another device. We have 
considered certain other possibilities. Some of the seismograph 
equipment might be satisfactory except that it uses 6 inch paper 
whioh, of course, could not be processed in the automatic prooeseing 
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 speoifioations for 
this unit have been sent to Mr. Forrester for comments. Although 
no contraot has yet been let for the construction of this recorder, 
it is expeoted that this will be done coon. 

To summarise: much of the component research has been 
oompleted, a breadboard recorder has been built and found to work 
satisfactorily, all of the components required for a breadboard 
reader-reoorder are under construction, and an automatic developing 
machine is being designed. Further oomponent testing is necessary 
to determine (a) the merits of the Bingln 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 li^ht oompatible 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 
clutoh, and (f) the characteristics Df the rf power supply under 
the worst conditions to be encountered. 

RDONeal/mw 
Development Department 
EASTMAN KODAK COMPANY 
10/7/47 
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REVERSIBLE BIHAOT COWER AWO 

SHAFT POSITION INDICATOR 

Abstract 

A binary counter has been developed that, responds 
to sub t rac t ing pulses as ve i l as to adding pulses. The 
tv;o types of pulses are d is t inguished by different input 
c . r m e l s , by p o l a r i t y , or by s i z e , and. the r eve r s ib l e 
act ion i s accomplished by su i tab le carry-over previs ions 
b3tween the counter e t ages . Each s t ^ j e employs four StK'i 'e. 
Resolving times of 10~5 sec and less nre resdi ly ob ta inab le , 
I i conjunction with a -photoelectric actuated pulae generator 
aad a reading c i r c u i t , t b s counter ha., been used t o indica te 
the angular pos i t ion of a rotatin;* e h r / t . The pulno gen
era tor produces adding pulses for clockwise r o t a t i o n of the 
Bhaft and subt rac t ing pulses for counterclockwise r o t a t i o n . 
Toe reading c i r c u i t "scans" the ?ever<C. counter e t n ^ s and 
gives the counter reading in the form of a nicro;teoond pulse 
binary wave-fonr number. While the system has been designed 
to Drovide one cf the input parameters to a d i g i t a l e lec t ronic 
computer, the methods employed can be used for othisr l l t o n 
anions involving tvo d i r e c t i o n a l notion end d i f f e r o n t i a l 
counting. 

H. P. Stftblor 
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REVERSIBLE BINART COUNTER AND 

SHAFT POSITION INDICATOR 

INTRODUCTION 

The components described in this paper have been 

developed to serve as an input device for a digital 

computer. The computer Itself is a component of a large 

control 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 fore 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. Theoe 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 rotation and the counter responds correctly to 

both adding and subtracting pulses. 

While the system constitutes one solution of a specialized 

problem, the reversible aspects of the counter and pulse 

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

for other situations involving two directional motion and 

differential counting. 
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PULSE GENERATOR 

'Phi shaft ca r r i e s a s l o t t e d d i sc which serves as a l i g h t 

shu t t e r for the phototubes VI and V? In order to d i s t i n g u i s h 

the d i r ec t i on of ro t a t ion these tubes a re placed as ehovn In 

Figure 2, Light t r a n s i t i o n s on VI are ins t rumenta l in causing 

pu laes , provided that these t r a n s i t i o n s occur while V2 i s 

i l lvjainated. The t r a n s i t i o n l i ^h t to dark causes a clockwise 

(or adding) pu lse ; the t r a n s i t i o n dark to l i g h t causes a counter

clockwise (or subtract ing) p u l s e . If phototube V2 i s not 

i l lumina ted , the pulses that would otherwise r e su l t from VI 

t r a n s i t i o n s are blanked from the genera tor output . Thus, fo r 

exaiopler continuous clockwise ro ta t ion r e s u l t s in a ne r ies of 

adding pu l s e s , one being produced a t t h e i n s t a n t t h e t r a i l i n g 

edge of each s lo t passes in front of the s l i t ape r tu re f o r VI. 

The e s s e n t i a l features of the pulse genera tor c i r c u i t 

a r e shown in Figure ~i. V5 =in<?- V6 c o n s t i t u t e a direc* coupled 

mul t iv ib ra to r tha t i s s t ab le only when one tube i s completely 

cut off. The c i r c u i t cons tants have been chosen so tha t the 

high t r a n s i t i o n (V5 changing suddenly from non-condu; t ing to 

cor.ductJ.ng) occurs as the p o t e n t i a l of the V5 gr id increases 

above 60 v o l t s , while the low t r a n s i t i o n (V5 changing suddenly 

from conducting to non-condacting) occurs as t h i s p o t e n t i a l 

decreases below 50 v o l t s . The sudden r i s e of the p l a t e p o t e n t i a l 

of V5 at the low t r a n s i t i o n (phototube VI l i g h t to dark) causes 

a pos l t lva pulse on the g r id of V9, which ( i f V2 i s l i g h t ) prodices 

a pulse in the clockwise output channel. A s imi l a r r i s e in the 

p o t e n t i a l of the v6 p l a t e c t the high t r a n s i t i o n causes a p o s i t i v e 

pulse on the gr id of V10f vhioh ( for V2 l i g h t ) oroducee a pulse in 

tho counter-clockwise output . Phototube V2 con t ro l s a mul t iv ib ra to r 
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V7-V8 identical to V5-V6. V9 and V10 can transmit pulses only 

i f V7 la non-conducting. The di f ferent la l of 10 volts 'between 

the high and low transition points Insures that the multivibrators 

remain stable even i f the disc J i t ters back and forth across a 

transit ion pos i t ion . 

A complete c ircuit diagram i s shown In Figure U (DVG-A-36). 

T3 and VM- are DC amplifiers for VI and V2. Direct coupling i s 

required to the grids of V5 and VS In order to take care of very 

alow disc motion. Their "dark" potential suet be below k^ volte 

and their "light" potential above 65 v o l t s . Pulses approximately 

15 volts in s ize and of 0.7 microsecond duration are obtained in 

the 70 ohm outputs. 

During rotation of the disc the potentials applied to the 

gride of V5 and V8 vary approximately einusoldally about 55 volts 

with a 90° phase difference between them. The pulsing c ircuits 

have been tested by applying sinusoidal potentials from an 

osc i l la tor to these grids with proper phase difference. Clockwise 

pulses appear when the V5 grid loads the VS grid and counter

clockwise pulses when the V"5 grid lags the V8 grid. The generator 

operates sa t i s fac tor i ly at frequencies up to 300 kc. This l imit 

can be extended i f necessary. 

The photoelectric system has been operated so far only with 

a small dlec having 150 s l o t s . It i s planned to produce "slots" 

and "teeth" photographically. The degree of angular subdivision 

possible depends on the closeness with which practical l ines can 

be placed, the associated inert ia of the dlso system, and the 

acceleration to which i t must respond. 500 l ines par Inch appear 

feas ib le (employing motion picture sound track techniques) corresponding 

to a direct resolution of about ?i minutes for a 6 Inch diametor d i sc . 
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For Buch an op t i ca l arrangement type 931A mul t ip l i e r j.liototubea 

are to he used , t h e i r p l a t e s be i rg connected d i r e c t l y t o the 

respect ive mul t iv ib ra to r g r i d s and V3 and VU omitted. 

REVERSIBLE COUNTER 

A conventional scal ing c i r c u i t or counter cons i s t s of a 

se r i es of d i r e c t coupled t r i g g e r p a i r s . Suppose the components 

of a p a i r a re ca l led A and B tubas , and assume that fo r zero 

ind ica t ion the B component of each stage conducts, or i s OH. 3very 

other input pulse (to any s tage) causes a carry-over pulBe to thu 

next s tage . For binary addi t ion a carry-over pulse must occur on 

the t r a n s i t i o n 1 to 0 , tha t I s , when the A component changes from ON 

to OFF. The d i r ec t i on of the counter progression wi l l r e v e r s e , 

corresponding to sub t rac t ion , if carry-over takes place ins tead on 

the t r a n s i t i o n 0 to 1, or when 3 changes from ON to OFF. 

Figure 5 shows a funct ional diagram of the r e v e r s i b l e counter . 

Three counter p a i r s are ind ica ted by the aix c i r c l e s , t h e pref ixes 

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

s tage . The C and D squares represent coincidence tubes . All C 

tubes are assoc ia ted with add i t i ve car ry-over , the D t u b e s , with 

subt rac t ive carry-over . A pulse to be addod i s received in the 

upper channel. I t t r i g g e r s a s e l f - r e s t o r i n g mu l t i v ib r a to r , the 

addi t ion g a t e , and appl ies a pos i t i ve square wave to t h e screens of 

a l l C tubes . This prepares the C tubes for a c t i v i t y . The input pu lse 

also passes through a b r ie f delay sec t ion to the gr ids of the f i r s t 

counter tubes . I f 0A i s conducting, the pulee turns 0A OFF and 0C 

provides a pulse to the next s t a ?e . S imi la r ly , a eub t rac t lvo pulse 
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(in the lower channel) first prepares the D tubes for activity and 

carry-over takes place v/hen a B tube is changed from ON to OFF, 

The delays shown (of about 1 microsecond) are introduced to 

allow time for all C or D tubes to be properly prepared before 

the pulse is counted. The add and subtract gates 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 Ecclee-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) 

tubee changes from -8 volts to ̂ -100 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 platn. Using 6AK5'S and r,he constants indicated the quiescent 

current per etage is about 10 ms. A single stage has 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 U 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. 

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.



-6-

The counter is reset to any desired reading by momentarily 

interrupting the screen currents of the appropriate combination 

of A and 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 V3. VI serves to trigger the 

add multivibrator VU as well as "V3, and V2 acts similarly for the 

subtract channel. The two gate voltages are taken from the 

cathode followers V6 and V8. 

HEADER 

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

of a series of 6AS6 coincidence tubes, TOE, VIE, V2E, . . The 

suppressor grids of these tubes are connected directly to the 

plates of VOB, V1B, V2B, respectively. The cathodes of the 

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

tube plates and their gride 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 counter, so that a new number is sent out 
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whenever the counter reading changes. This fea ture necessa r i ly 

lengthens the t i n e t ha t must be allowed between input pu l ses to 

the counter . 

An a l t e r n a t i v e method of generating a scanning pulse fo r 

each stage i s shown in Figure 9 . The E tubes are connectRd as 

they are i n Figure 8 . The FG tubes a re Ecclee-Jordan p a i r s . 

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

durat ion a t miorosecond I n t e r v a l s from the synchronizing system 

of the computer. Those pnlBes normally keep a l l F tubes non

conducting, 0 tubes conducting. When the counter i s t o be read 

a single p o s i t i v e pulse Is applied to the gr of V9. This 

t r i gge r s t h e f i r s t p a i r , tu rn ing TOG off. The next clock pu l te 

turns VOG on again and the f a l l of i t s p l a t e voltage i s t r a n s n i t t e d 

to the grid of Vlft as a negat ive pulso. This t r i gge r s the Vir-VIO 

p a i r . V1Q- remains off the the microsecond in t e rva l between 

clock pulses and as i t r e tu rns to the on Btate V2F-V2G i i t r i gge red . 

In t h i s way, t h e F tubes are successively turned on f o r micro

second I n t e r v a l e . As each F tube re turns t o I t s normal off s t a t e 

the r i s e of i t s p la te gives the required p o s i t i v e scanning pulse 

to the corresponding E tube g r id . 

A 5 stage reader has been constructed and operated with the 

constants shown In Figure 9 . The c i r c u i t i s qui te c r i t i c a l to the 

c h a r a c t e r i s t i c s of the clock pu l se , and d i f f i c u l t y i s experienced 

with the tendency of l a t e r stages to t r i g g e r previous ones. A 

low impedance clock pulse source and careful shie lding between 

stages should increase the r e l i a b i l i t y , and some modification of 

the constants i s a lso probably des i r ab l e . 

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.



-6-

OTHEE APPLICATIONS 

The pulse generator can be operated In conjunction 

with a reversible decade counter and visual indicator of 

the type developed by Regener*. The method then constitutes 

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 optieal 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. Scl. Inst. 17, p375, I9H6. 
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CaKbrid.< 

Jay '>' For res te r , R H Kverntt 

H P Stabler Pi go I o f 

Mechanical to Binary Converter 

Tray 2:! 1947 

Apparently some 45 of the 50 parnmeti; -s need nl * known to a 
subdivision accuracy of about 1 par'. In 126 we tj 
a c c s l s r a t i o n a ssoaiated con t ro l s are 
brush contacts or caJ> ope:"f.tefl leaf switches co'ild be :-

One sue] la show: schematically -
binary f igure a (0 to 255) are I ly eight can op« . :wi tehee 
cam discs i:"« iaoui:ted In se ts of - two shaf ts She aft ad-
\an- ; ; j *he swltohes 16 di;;)!:n per resolut ion, The ser.o d 
to the f i r s t by e mechanical car; , rt)i pinion ,md ftdvn cei ' 
each revolut ion ol the fia it shaft While the ,ocond 
moves a t tho same spe6c a .h« f shaft 

. t the t ran si afore wak.: 
poss ib le reasonable tolerances for t h e i r a 
inac t iva ted a t each t r a n s ' Hon poai t lor . by xoan i u- a blanicu g evi 
f igure 2 nhows the phasing of tho caaa and 
Flanking occurs ovar half the a rea 

She c i r c u i t echflffntlc la jiovn In f igure 3 ' b e output side; 
the respect ive d i g i t sv'it-'hna of e ac i paraneter a re cot •• t L 
a gate tube Thu input s 'dns of a switches for an/ cae p a r a W t t t 
are common find connected through '-co bla; I >ut l ine 
read the numbers a gate voltage i s applied suc t f sa ive l j Lnpu 
each parameter, i n t u r n . Th« • \re planed succesi i t>e<r 
pec t ive storage regi s t a r s 

Assuming the control knnb .jan be turhfid a «t y of 
1 rov/oee or 32 d i g i t s / s e c , the nlnlaun t ine fo-J a hlfi ic segment 
wi l l bi 1/64 sec. Allowing TOO j*sec to r ding 
repot i t Jon r a t e per parameter could oe 1/200 sen Thus aJ " In 
ouB'nor w o l d always he d e l e t e d . . 

Frost 

Subjtc'. 

Pate , 
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Hemorai'<iu» K 101 

Gervomechaniama Laboratory 
<aohuaet\,s I n r t H u t e of Teclinolo!;;' 

Cambridge,, Massf-chuoetta 

TOA Jay W. For re s t e r , K, Hi Evere t t , H.. B- Bo R34& 
H. Fahneetock, C, R. Vleeer ( S H„ 3odd„ p , . , 
V. XoutE, v j Nolan, S B Brown and H Sajrlor J i e ° 

froai 5 . 8. Rich 

Subjeot.. Notea on Vis i t to Hoove School, Univers i ty of Pennsylvania 
on September 3 , 194? 

Date, Septeiobsr 9, 194"? 

1 fr'wrpose of Vis i t 

The purpose of the v i s i t to the Moore School vae to i i acusa tl • u~ i 
tisane t i c recording as a atorage nedlf-s in s l s c t r o n l n computer?!. Wis dlscui 
on t h i s subject took place with I)r Cbuan Cbn and Mr Sharp!essi Mp« Jo wj 
alsy discussed soma of bla work on wsrcury delay l i n e s ui,ed for high op« id ate 

2 Magnetic Be cor dint; 

a.- Resul ts of. HSLfiSflESJi fiJs the Moore SfifeftTi" *-P t o t , h 6 prosen I 
research program on magnetic recording a t thn Moore Schorl hsa been d i r e ' tea 
dovelopinent of a {satisfactory recording method for ties with the SDVAC, o the 
a u l t s achieved represent a coayleto working 3yaten rt-ther tbar the u l t imata LJ 
design oi such aqutpnent.. 

In the fcDVACf magnetic recording media are to be used In the 
and output devices The p r inc ip l e f ea tu res of the segue t i c recording ay tern J 
these devices are as fol lows. 

Recording Medium - minted wire manufactured by the Brute Dei 
Soaps nj 

Driire - Capstan drive coupled to an induction gioti 
i . th ayf.tBM. Simple servos w i l l bs u. •. 

turn the feeding and take-op r e e l s r> 
the proper amount of tension in the 

Heads - A 3ingle head design la uesd for the hre/j 
of erasing;,, recording and playback, 
ring-shaped lamination of Ho-Fsraal l : ; '•• 
Boiected ae the beet type of core for these :.i 
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Memorandum M-101 ( .'47 

Recorded Signals - i 'ulsas are recorded a t the r a t e of 2000 ppa 
with a spacing an the wire of 4C pulses per 

o s i t i ve and negailvr: pu l ses are used 
to represen t th? two binary d i g i t s , ti • • 
pulse of the order of a ha l f - inch in length 
l e recorded at the end of each word. 

Vlra Speed • A wire speed oC 50 inches/f-.cc Id to be used In 
a l l operat ions in both tha input and the output 
devices sxopt when readinf; 'oformation ou1 
the p r i n t e r J'or t h i s opera t ic - a speed 
su f f i c i en t ly low so ae ti hat of ":'••. 
w i l l he used 

Tha main considera t ions in the se lec t ion of the recording medium 
were the computer requirements, the i-ecording performance of tho magnetic mat? 
and the a v a i l a b i l i t y of t h i s material Since information Is to be fad into ami 
received from the coniputer in s e r i a l fashion, r single channel recording SUi 
'•lay be obtained on a wire In suff ic ient The narformauceu of var ious magnetic 
mater ia la were indicated by the resv.lts of t e s t s conducted by Sr« r<hu on sovei; 1 
recording media These r e s u l t s are shown i n the f.ttacned t ab l e - Although the 
Brush Plf.ted Wire does not give the bigheet resol t . t ion of pulsed signals,, I t wi.a 
selected because I t gives c r e l a t i v e l y high output level hna very uniform magiietlu 
proper t ies , , and la commercially avai lable a t low to s t Spools containing abou* 
2 miles of wire are to be ueed 

A clutch system to co r t ro l the drive capstan l a tc bo used for r 
s t a r t i n g and stopping of the wire ?he c lu tch performance l e such tha t the wire 
can be stopped and then brought up to speed agr 'u within the l eng th of the rec 
marker pulse 

A s ingle head design for erasing* recording,, and pi vback was 
decided upon so tha t recordings may be made for e i t he r d i r e c t i o n of wire motlor 
A complete system wi l l contain two such heads, one for erasln ; and the ether fcr 
recording or playback So reverse the recording d i rec t ion , i t l a necessary 
nere ly to interchange the function of the respect ive heads by e l e c t r i c a l n ! tc 

The choice of 40 pulses per inch as the pulco epn.c5a£ on the wir; 
r a the r than a g r e a t e r number vhich the t a b l e ehowa lo poss ib le wan d ic ta ted by tho 
neceaal ty for reading in to the p r i n t e r a t low speeds The longer pulse length 
allows a higher leve l s ignel to be recorded and hence jrlvea a higher output in 
playback process 

A marker pulse a t tha end of each word i s to be used oo that the 
pos i t i on of recorded information with respec t t? the playback head lo known ft'; 
times* For the cost par t t h i s rerarded information I s to be used in sequence, 
if i t lo necessary to r e tu rn to a previous word in the seque.ic? till a word may bo 
located by counting the marker pulses With tho clutch ayotem used, i t was Tot 
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t h a t tbure was en optimum wire speed for most e f f i c i en t use jf the s torage madium. 
Since the time rctqulrod to stop and s t a r t the ylr* I s a function of wire apeod 
the marker pulce length and hsncj the r a t i j of marker pu lse loxif;tn to v/ord ler 
l e alsw a function of wire speed Considerat ion of th io fac tor resul ted In the 
choice j f the wire speed and the re rke r i iulse length previous ly atated-

k spec ia l o i r e u l t la to bo uoed in the £D 't,0 for rending infernal 
from the wire The d e t a i l s of t h i s c i r c u i t were not discussed trot the p r i n c i p l e < 
s t a t e d , Because of the di f ferent i.nttng a c t i o n of the playback head, th<> v o l t t g e 
generated in t h i s head by recorded pu lse s igna ls has the wave scapes shown belov 
Both poui t lve and nagat lve pulsea are 

Reced ing I'ulee 

Output Voltage 

prod.ucod for a s ingle recorded pulse The reading c i r c u i t cons is t s of f l i p - f l o p * 
t ha t are t r iggered by the f irst , of the f a i r of output pv.Ises but are i n s e n s i t i v e 
to the second of these puloes. Xhe use of an in t eg ra t ing c i r c u i t to ob ta in ain^.'.e 
output pulses caused too great an a t t e n u a t i o n of the uif.nals to bo p r a c t i c a l 

b High-Speed Pulse Recording Dr Chu a t r t e d that ho hoped to be ab1 s 
to s t a r t a progrem of research on hi,-jh-speed pulse, recording in the near future 
For th i? work he plana to use a metal cy l inder p la ted wi th a layer of magnetic 
ma te r i a l for h i s record ing medium I t i e h i s upinlon t ^ a t hoada cannot be in 
contac t with the medium for operatic, ; speeds greater t h j n about 10 f t / s e c without 
cexislng exceosive Mar e i t h e r of the heads or of the radium i t s e l f - A g rea te r 
reoordlng gap length J 3 ncoassary whan heads are npaci-d away fro> the mediusi sc 
poorer reso lu t ion must be expected ^"or hoada spaced 0 005" evay^ the number of 
p u l s e s tha t can be- raoor&ad per Inch might be about 7f?i of the number t ha t could 
be reoorded with the beads In contact with the medium I t was h i s understanding 
t h a t ths I n s t i t u t e of Advanced Study in conducting its; research oa t h i s subject 
has obtained a recording r a t e of 50.000 ppa with an opera t ing speed of about 50 

3« Mercury Ha lay Line.!? 

Mr Chedaker demonetreted h i s equipment for h igh speed storage* In tho 
«;1>VAC using & mercury delay l ine and d iscussed some of the features of 'he l i n e 
and I t s aanociated o i r c u i t s The dsJ.ay l i n e cons i s t s of a column of mercury 
22 inches long and 3,/8 inch In di«»e'-er contained in a ^ l a s s tub? with a quar t / 
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crystal mounted in each end of the tube The "pulse packet" applied to the tuhe 
consiata of two cycles of a 6 megacycle frequency generated b,y applying a pulae 
to a ringing circuit. In traversing the tube,, the packet ta greatly attenuated 
and la slightly spread out,: i.e.. it containa more than two cycles. The output 
voltage from the line has approximately the wave shape shown bslo-*. 

~ W ] / 1 A — 
Hoat of the a t t enua t iou occura In the isryetal tranaducort;.. There Is a 30 db lo s s 
In each c rys t a l and 6 dh loaa in the mercury column i t s e l f The o-itput packet ie 
ampiifiad, r e c t i f i ed„ reshaped, and then fed back to the r inging c i r c u i t to c&uae 
another pulse packet to be sent down tho dolay l i n e . In th i e way i t may be r e 
tained an long as desired. 

The 22- inch l i n e produces ft delay of 266 na i;o tha t t for the one mega
cycle r e p e t i t i o n frequency used in the ilDVAC. 256 pulses may be s tored in such a 
l i n e 

4 , General 

Mr. Chedaker atated tha t they are looking for a b e t t e r method of coupling 
between etagea in ths e lec t ronic c i r c u i t s , in the delay l ino demonstration a con-
aiderabla change in pulae wave shape wae svident ae the spacing be;veen pulses WEE 
varied from 1 ,ua to 266 |j.g 

A small model of the &DVAC had been b u i l t up An the labora tory and win 
used for t e s t i ng ths various components of the computer Howex'er„ i t wae no*. 
operat ing a t the time of t h i s V i s i t . I t was underatood that the design •at tho 
iJ)VAC has been completed and that the computer wi l l have been conetructed by the 
f i r e t of 1948. 

»., S. Rich 

KSR,vh 

C. -X?. VU-'-a-Aj 
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Results of lost a on Various Magnetic Recording Materials by Br Chu at the Moore School 
University of Pennsylvania, (Operating speed - about 10 "/sec-) 

ion of Wire or l'ape 

Wire 
I 

Gi. S t a i n i e s a - A 
Gi, S t a i n l e s a - B 
ut S t a i n l e s s - C 
Oi Piano i 
OS. Cunife I-I) 
Ux, Ounico iJo 331 
OB Cunife I Ko , 32' 
l a t ' l Stan Cunife 
Nat. >1- Stan 
Nat '1 Stan 
N a t ' l , Stan 
Nat 1 Stan 

H =3&o»V350b " 
H°^4e0#3261 » 
HC=240 • 

Dlnens ions 
d i a of w i r e s 
t h i c k n e s s of 
tape - m i l s 

4 
3 , 9 
4 
4 1 
4 1 
4 2 
i»2 
3 9 
4 
4 
4 

Swedish Tono- 1§0-S 
Brush M a t e d Wire BS>913 

Bat 1, Stan- i"lat S t a i n l e s s Wire 2x6 
2ni3h U s ted Tape 2 . 3 x 1 4 , G 

Brush Paper Tape BK-914 

Jirush Paper Tap« B&-29 
Lear Paper Tape No. 11 
Lear Paper Tape No. 23 
Lear faper Tppe No 34 
German type L Tape 

Armour Tape So.. 140 
Ind S t . Prod- Paper Tape 
Ind St Prod Paper Tape 

2.3 

in 

lux 

lao 

2 
', 
:-
3 
1 

g 
2 
2 

St 

2 

r-t 

9 
.9 
• 8 

3 
.7 
0 

noa-

weight 
gas /1000 f t 0 

19 5 
19 0 
19 0 
20 0 
2 1 . 0 
20 
80 
20 
13 
20 
19 
19 
20 
27 

19 0 
- » -> 

149. 

144 . 
183 
161 
182 
126 

142. 
1 6 1 , 
15? , 

tic 

Breaking 
Strength 
Pounds 

4 
3 . 9 
i , 
4 5 
3 , 
3 -5 

"4. 
3 = 5 

11 
10 5 

9. 
i <-, 

i u i 

8 . 
4 5 

9 5 
1 2 , 

7 . 5 

?.. 
^2 
12 , 
1 2 . 

6 

5 , 
12 , 
10 

Material 

S t a i n l e s s S t e e l 
S t a i n l e s s S t e e l 
S t a i n l e s s S t e e l 
S t e e l 
Cu-Ki-Ke A l l o y 
Cu-Hl-Ca A l l o y 
Cn-Nl->'o A l l o y 
Cu-Ki-Fe A l l o y 
S t a i n l e s s S t e e l 
S t a i n l e s s St«;el 
S t a i n l e s s S t e e l 
S t u i u l e s o S t e e l 

Co-Ni A l loy on 
phosphor-bronze 
S t a i n l e s s S t e e l 
Co-Hi Al loy on 
phosphor- bronze 
Synthe t i c 

Magnetite 

Bed iron oxide * 
Red iron oxide 
Bed iron oxide 
Synthetic 

5 t i t t 

320 
•1 
30 
60 
65 

480 
240 
180 
700 
220 

300 

2 JC-

llS 

115 

105 

85 

290 
210 
500 

Magnetic P r o p e r t i e s 

3 H 
c/ 

x lC" 2 8 -
_3—a 

1800 
•1 

7000 
5300 
2100 

2200 
2200 
6300 
200 

•9000 

2500 

sooo 

400 

760 

900 

100 
410 
*2 

3000 

17 8 
•1 

0 43 
1 13 
3 09 

21 8 
10 9 
2 6 
350 
P 44 

12.0 

29-

12 

85 

71 . 

50 

f S 
B *-
O CT-
•1 
w 
3 
P-

o 

1220 

1630 

2000 

680 

2200 

*2 • a few hundred gausses 

I 

<u 
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SUBJECT.' HAG-NBTIC RECORDING - ITS USE FOR STORAGE OF IN?O3ATI0W IH 

TtLKTRONIC .COMTir£vRS_ 

Wri t t en by: E. S. Rich 

Date; September 1 7 . 1947 
FOREWORD 

4 

The f o l l o w i n g renort conta ins a survey of the f i e l d of magnetic recording , 
a summary of the work don* in t h i s f i e l d in the C s n t T of A n a l y s i s a t M.I„T from 
September 1946 to June 1947, and recommendations f o r further exn<Ti:ncntal work, 
The purpose of the work wae to i n v e s t i g a t e magnet ic recording as a means f o r s t o r i n g 
informat ion f o r e l e c t r o n i c computing machines 
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SUM.URY 

Work none to Dane 

Un to the i resen t time, the invea t ig 1 t ion of ragael ic recording 
systems for storage purposes has covered only some preliminary ate-ges of 
construct ion of t e s t equipment', deuign of recording, tlaybftok. and ers-eiug 
head?, and comparison of d i f fe ren t types of recording rwdis. Thle p r e 
l iminary work was undertaken to determine the t e s t recording medium and 
the best system design for t e s t i ng various storage <iethodst 3ince a max
imum numbpr of words per un i t length of the medium i* clasirr.ble f o r e f f i c 
ien t s torage , the urmer frequency l imi t of a record! i£ for B given l i n e a r 
speed of the medium was taken as a measure of the system perforrosneeo 

The recording equipment used was designed and constructed In the 
laboratory. . I t consisted of pul leys a "ranged on a r inel to hold a short 
loop of a recording medium and drnw i t a t a uniform 3peed over tho e ras ing , 
recording, and playback heads. Sui tabls ampl i f ie rs connected to these 
heads allowed the recording and reproduction of continuous s inusoidal s i gna l s . 
Six d i f fe ren t recording media were t es ted , three, of these being r ape r or 
c e l l u lo se ace ta te tapes coated with a povderod magnetic material and the 
oth«rt. being so l id metal t ape s . A tape speed of 8"/sec was used in a l l 
t e s t s 

All of the heeds were of r ing-type core const ruct ion, s ince such cor*; 
Tsermlt record 'eg of higher frequencies than :'.s poss ible with other types- Thay 
were or iented 90 as to nroduce longi tudinal Magnetization lr. the tapes .-
Demagnetization by means of a 5Q-KC f ie ld accomplished the erasing Process, 
and a high-frequency bias in the recording head provided a minimum of amoli~ 
tude d i s t o r t i o n in the recorded s ignal . The;ie methols were chosen ins tead of 
e ras ing by sa tura t ing ths medium a<-d using a d-c b lea to nrovide a l i n e a r 
c h a r a c t e r i s t i c because of the higher s igna l - to -no ise r a t i o obtainable^ 

In a r t i c l e s in the l i t e r a t u r e i t tea oeen shown t h ' t a high residual 
f lux densi ty in the recording me l̂\_m gives high output a t lew frequencies 
while a high coercive force conl iuutes to a high output a t high frequencies. 
The idea l response of the system for a constant reco-ding-s ignal cu r ren t i s 
an output voltage nroport ional to frequency Howeve.-, a t high frequenclee the 
output voltage decreases rapidly because of se l f -dcEigaet ize t ion i n the medium 
demagnetization caused by leakage flux around the working gap of the recordiTi.r 
head, decreased flux penetra t ion in the iredlum as a r e s u l t of 3kin effect , ori 
a decrease in flux llnfceges through the Playback hea l because of l t e f i n i t e 
a i r -gap v i d t h , Self-demagnett^ation i s a function o:' the slope of the demag
n e t i z i n g port ion of the B-H curve; therefore tho r a t i o of residual f lux den s i t ; .. 
BB, to coercive force, Hc, has been described as a f igure of merit for the . 
frequency response of a ,jiven medii.-m. For a low BH ;O HC r a t i o , self-derjagnet 
i z a t i on i s l e s s and the outnut a t '.igh frequencies la greater-

Deraagnetizatioa caused by leakage f ] ux at. t i e recording he.id i s mini
mized by using a core mater ia l with the highest perm (ab i l i ty poss ib le a t the 
f lux dens i t i e s Involved and recording with the minimum flux densi ty coaalater . 
with ou t iu t requirements . 

Hysteresis loops and freouency response c u r / c i were p l o t t e d for 1 
magnetic taries previously mentioned. Tho be r t high- .'r->uency reanonso wn.-. 
tained from one of the oowder-ewted tanes which had a coercive force of a 
350 oers teds and the lovaflt BJJ to Hc r a t i o , vhlch was about 2,2> The dlffei 
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in response between so l id metal tanes and coated oner however, w£< 
wholly i nd i ca t ed by t h i s r a t i o For example, a so l id t:.no 'AT'-'., ': an He 
of 215 oers teds and BJJ to Hc r r . t lo of 28 gavt - ^ t e l y the name high 
frequency reirponsa as & coated tape having an V!c of ISO oersteds, and B 
BH to Hc r a t i o of 5C4 . In general a high coercive foroe i > deal r fblo In 
p. magnetic record ing nedium, tat t h i s valU9 i s l imit i*. *0C oer«1 
because of the d i f f i c iU ty of producing suf f ic ien t MM? in the iioade for 
erasing and r eco rd ing 

Operat ing with optimum values of sij.ne.L and bins currents for opod 
high-frequency r e s p o m - , i t was found that the best oowder- coated tape wai 
obtained from Minneso ta. Mining and Manufacturing Coopangr *nd the t e 3 t so l id 
metal taoes were Vicalloy and the Brush Development Cmpany a n la ted taps,, 
the l a t t e r tvo g iv ing ewvoximately equal r e m i t s - Tho Vioalloy tfpe i s a 
homogeneous me ta l , whereas the Brush e l a t ed tane hae r thin magnetic p l a t i n g 
on a bre.as s t r i p 0 Assuming a •-itnirauni s igna l - to -noicr- r a t i o of 26 db as 
defining the ..-riper frequency l i m i t of recording, i t was observed t h a t the 
MMM powder-coated tane al ioved a majclwuns of ,ibout 1200 cyclos per inch of 
while tho Vlcal loy and the Bruci. p l a t e d taoc each allowed about 800 cycler 
inc'a. 

Recommendations for Fvrther Bxper lnental Work.. 

The b so t method -for u t i l i s i n g a cag ie t i c r e c e r ' i n g medium for s'.' 
cf information must be determined by fur ther research- Since the speed a t 
Che medium i s dr iver <;;oreras the r i t e p.t which i n f o i - ' t i o n can be recorded and 
removed, t h i s epeod should bo r.s high as noe3ible, The l i m i t in t h i s respect 
would be se t by the mechanical considerat ion3 of s t r e n g t h of the Medium, -
on the heads and on tl 3 iredium, and maintenance of uniform contact between the 
heads and the medium^ Based or. r ooo r t s of work a t oth^r: i n r t i t u t i o n a , a e 
of 50 to 100 f e e t ner second should be p r a c t i c a b l e , 

Pulse s ignals instead of TIC dill? ted 3inuaoidaI s igna l s should be ir.v. 
gated. I t i e reasonable to asoune t h a t a d i s c r e t e ^u l se can be recorded o 
same length of tape or wire tha t would be required for the "ilnisnan number o '̂ 
cycles of a s inuso ida l signal tha t would excf.te the c i rcu i t : ; of tho readir. 
raent, On the b a s i s of the response fig-ares utated sbuve,, about 200 puisne 
inch might be recorder In a d d i t i o n , the u:ie of pu l se slier p.lo vould great ly 
simplify the deeirsi of the recording and reproducing c i r cu i t s - . 

Means fo r improving head design should be s t u d i e d . A determination o 
the lea*ago f i e l d around the record ing head would be p a r t i c u l a r l y helpful in 
se lec t ing the co re mntp.rial and method of core cons t ruc t ion . For hi^h-speod 
o-oeration a r ing - tyoe erasing head coula not be used, so on a l t e r n a t e tyse 
vould have to be desifned and t e s t e d . The windings on she recording and -
back heads a l s o would have to be designed for tho hl^T frequenclec or -<hort 
•Dulses uoed. 

Multichannel recording on a f l a t ta-oe i s fe- ia ib le , and connlMe an-nll. 
cat ions of t h i s method of recording to eomr>u<;er problem ahculd be doiex-mined . 
By uslne heads wi th thin cores , th" des i red narrov recording uaths may be 
obtained In a commercial di^k. recorder rvnufactnred by the Brush Development 
Conropny I K-oiral peth i s used, giving the equivalent of 40 channels ner inch 

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.



deport R-124 •• 

Means for l oca t ing a on r t i oa l a r nicer of recorder; Information HIP 
e s s e n t i a l in co:n-uter a-inlic-ti->ns Thit; orobably wi l l hf>vi: tc bo done by 
recorded marking nnd synchronising s igna l s wnich govern the dr iv ing mechan
ism Tha way in which th i s control mey be obtained is a problem in eleetrJ 
and mechanical design which might bo solved by the app l i ca t i n of.eervomech-
anism Pr inc ip les or by a sui table arrangement of cl Multiciianrel 
recording offers ce r ta in advantage* O V T a ingle-channel recording in the sol
u t ion of these problems: with iwiltichannel r sc i rd in ; more Information can be 
atoreci on a given length of th* rasdium, so t^a t loss movement of the medium la 
reouired to loca te and reproduce the information. 

DliCUgSIOS 

The Nature of a Mugnotlc Recording 

A recording on a magnetic medium such a* f v i r e or tape consists of 
va r i a t i ons in the i n t e n s i t y of magnetization along the medium. These vari : 
in i n t ens i t y of magnetization :.re usua l ly produced by drawing the recording 
medium a t a uniform speed pest the "ole pieces of a recording head and jaryin 
magnetomotive force of th l9 recording he 'd in the desired winner. To reproduce 
the recording, th" mediurc I s drawn pas t t h ' ->ole P1 ces of a playback head, 
the change of flux l inkages induces a vol tage in this head correspond:ng to ths 
signal impressed on the medium, A recording may be erased or removed from the 
medium simply by passing i t e i the r through a 9trong un id i rec t iona l magnetic 
f i e l d which sa tu ra tes e l l portion* of the medium or by pass ing i t through a 
strong a l t e r n a t i n g f i e l d to der.'.'-gnetize i t . . A como; rison of these methods of 
e ras ing wi l l be made in a following s ec t i on . 

Types of Magnetic Recordings 

"'pgn°tic recordings Tr.ay be c l a s s i f i e d into three types depcr.c! 
how the mrgnetizing f i e ld i s BPPI IPQ to the mediua: ( l ) l ong i tud ina l , (.'•) per
pendicular , and (*) t ransverse , in '••hlch the magnetising MKF gradient Is res
pec t ive ly along the length of the medium, along the thickness dimension, or 
along th'? width dimension as shown in F ig , 1 . For I round v i r e , perpendicular 
and t ransverse recordings a r e , of course, ident ica l , 

Types of Head Construction 

In order to evaluate these types of rec-^rrings, srnr* knowledge of 
recording and nlaybcck head construct ion i s necessary A few genera1 types of 
core construct ion a re shown in Fig- 2 . I t la seen t h r t theae fflay have open or 
closed K gnet ic c i r c u i t s and cay have pole tina on oar or both sides of the : 
The designs 01 J ' lgs. 2(a) and 8(b) a re appl icable tc t r ansv r r se as well at? 
perpendicular recording merely by changing the or ien ta t ion of thp pole pie:-
tha t they contact the edges of the medium ra ther than tori and bottom, The 
designs of Flgs« 2(a) and 2(b) may a l so be used for long i tud ina l recording by 
sh i f t ing one pole Piece s l i gh t ly along the longitudinal axis of the trno as in 
F ig . 3 ( b ) . The r ing type core of F ig . 2(c) _9 used -irirasrily for longitudinal 
magnetization-, 

Comparison of Types of Recordings -\nd Types of. Heads 

Longitudinal magnetisation Is used almost exclus ively i r or'-sent-day 
magnetic recording equipment: The chief reason for this is tha t the rlng-tvne 
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core with a very small r-lr s n allows a signr I of shorter 
recorded and reproduced than i s poss ib le with other tynes of core construct 
An a i r -gen length of 0„0005" in e a s i l y obt; ' I th ring-tyr>e cores . For 
perpendicular or t ransverse recording, core construct ion of th1? types 0 
and 2(b) la necessary and the shortest wavelength ths t can be -ecorded I 
f i r s t approximation a t l e a s t , l imi ted by the thickness of the oole n ieces , 
mechanically r i g id these oole pieces must be of the order of a few thou 
an inch th ick, so the shor t e s t recorded wavelength i s several times that ol 
a b l e with the r ing- tyne core . This comparison i s evident from Figs. ?(•• 
The fact tha t sol id metf<l recording material!; are more eas i ly magnetised '. 
di rec t ion of ro l l i ng or drawing and the.t the r ing- tyoe head allows easy r« 
of the tape or wire f.nd does not requi re adjustment are fur ther reasons 
use of longi tudinal tyne recording.. From a p r a c t i c a l point of vie'--, 8 
i c u l a r or transverse recording in the case of a wire recording mater ia l i s ru
by the tendency for the wire to twis t as i t i s drawn oast the heads-. 

Methods of Recording.. 

The '•esidufl flux which consti tute;) th" recording on a magnetic l 
i s r e le ted to th-3 MM? of the recording head by the farr.lllar B-H curve!', of th! 
ma te r i e l , so th i s r e l a t i on can be considered l l n e r r only ov»r a r e s t r i c t e d rani 
In recording systems wh^re amplitude d i s to r t i on of the reproduced signal must 
kept to e minimum, i t i s necess- ry to use a fbifi3ing-; MMF in the reoordinc, T 
to ensure that the degired l i nea r t ransfer c h a r a c t e r i s t i c i s obtained.. Pr ior 1 
about 19*2, the recording method in use employed £ constant un id i r ec t iona l • 
MMF in the recording head and a record :ng medium tha t had been sa tura ted in t 
e r a s in r process by a un id i r ec t iona l magnetic field., The erasing process 1 
-nortions of the nedlun with a flux density Bn as shown In Fig* 4„ The bi-
MMF Is of the nroper mgnl tude and di rec t ion to reduce the flux densi ty in the 
por t ion of the medium a t the pole pieces of the recording head to the n. 
cated by point P of the hys te res i s loop of Figo 4 , If e. signal KMF, H( t ) , i s 
superimposed on '-he b ias ing IMF, Kg, the amount by which the flux density of a 
tflven element or the medium is reduced i s determined by the t o t a l MHF la the 
recording head nt the time tha t element i s al the pole pieces of the head. If 
the minimum MMF in H, ard the maximum i s K , the f lux densi ty of successive e l e 
ments wi l l be lowered to values corresponding to po in t s between M and 1 on the 
B-H curve of Fig . 4 , When the tape elements lerve the recording head the a 
MMF drone to zero and the res idua l flux densi ty r i s e? along minor hysteres is* 
to corresponding values between M' and ' I ' . By nrope- choice of b ias ing 
s ignal amplitude, then, an aporoxlraetely l i n e a r r e l a t i o n between signrI 
recorded flux may be obtained 

About 1942 a recording method employing a high-frequency or supersonic 
b i a s was adopted. Thlj method permits recording on a demagnetised medium, -
the noise level of the outnut i s much less than for B saturated medium, whili 
maximum signal amplitudes ore approximately «aual in the two cr.ses. Thli 
ment in s igna l - to -no lse r a t i o has resu l ted i r almost universal adoption of 
hlgh-frecuency b ias where minimum non-l inear d is tor t ' .oa is desired,. A signr 
noise r a t i o of 50 db with only a few percent d i s t o r t i o n i s p rac t i cab le with 
method of recording. Bias frequencies used In coxme.-cicl sound recording 
ment a re In the range from 20 XC to 60 KC 
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A complete theory of recording on a mpgn . luin by the h igh-
freeuency blf.s BM thod has not been publ i -hed . 3uch a theory would involve 
considerat ion o:' magnetic skin e f f ec t , the f i n i t e width of oolo pieces or 
recording a i r gaps, demagnetization in the medium, sad lerJ^ige f lux about 
the recording head. However, ft q u a l i t a t i v e erolanat ion of the recording 
•process neglec t ing the ie e f f ec t s la eas i ly made. Assume a oias freou.;ncy 
of 30 KC, a s ignal frequency of 1000 CPS, a tane speed of 10*/sM, and a 
recording a i r -gap width of 0„001"> For t h i s case any eleme.it of the 
recording medium le in the recording gao for 100,<fceee or 3 cycles of the 
b ias MMF. The to ta l MMF aop l ied to an element of the recording medium i s the 
instantaneous sum of the s ignal and b ia s HMF's as ohovm i n .'•'ig, 5 ( a ) . The 
b ias MKf amplitude i s Knoroxlwafly that reouired to just nasfc the loi/rr knee 
of the magnetization curve. An element of the medium in passing the flap of 
the recording head, then, i s subjected to an MMF which forces the flurc dens
i t y in the medium through a ae r i e s of minor h y s t e r e s i s loons as shown in 
F ig . 5 ( c ) , ( d ) , and ( a ) . These f igures are for elements of the medium tha t 
enter the ga-n a t times t j , t g , and t_ respec t ive ly (see f i g . 5 ( b ) ) . Upon 
leaving the gn-o these elements have Residual flux dens i t l e a of B., , B , and 
B^ as shown in the f i g u r e s . The ef fec t of t h i s high frequency b i a s ia to 
remove the curved por t ion of the "isgnetlzation curve a t the or ig in and give 
a l i nea r r e l a t i o n between s ignal I-'!MF and res idua l flux dens'.ty. I t should 
be pointed out again that the preceding explanation is lncoanlete since an 
accurate p lo t of res idua l f lux densi ty aga ins t s ignal MMF would show a com
ponent of the b ias frequency r r e a e n t . In p r a c t i c e t h i s i s not observed prim
a r i l y becaiise of the ef fec t of demagnetization in the medium. This e f f e c t , 
which wi l l be discussed l a t e r in connection with Bagnetlc p roper t i e s of 
recording media, causes elements cf the medium having a length tha t in small 
compared with thickness to bo brought to e s sen t i a l l y ";he es-me res idual f lux 
dens i ty , so thai; the bias-freqyjncy component i s l o s t . 

Signal Raproductlon 

The reproduction of a s ignal that has been recorded on a mns/tetic 
medium 13 e s s e n t i a l l y the sane for a l l tyne3 and methods of recording. The 
types of core cons t ruc t ion shown in Flg» 2 apply t o playback as well as 
recording heeds-. For a given system the o r i en ta t ion of the pole pieces or 
the a i r sap should correspond to those of t h j recording head so tha t a maximum 
number o: ;"lux l inkages through the -playback head winding wil l be produced by 
the res idua l flux from the recording medium. I t ha,£ been found thr-t the r i ng -
type core i s suner lor to oth°r types for Playback heads for the name reasons 
as for recording heads. 

Erasing 

As has been previously mentioned, a recorded sijral may be erased 
elth'-r by saturation or by demagnetization of the recording medium. Saturation 
Is easily accomplished either with 8 riermanent magnet or with an electromagnet 
of p type similar to one of those of Fig. 2„ For this purpose, of course, 
neither narrow pole nieces nor a short'air gap is necessary An obvious method 
for demagnetising a recording medium is to posr it through the center of 1 
in which alternating current ie flowing. This me thed la net generally • 
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however, 1)»ce.;.BC sh ie ld ing of the ricordJ 'row the 
high leakage f i e l d becomes a nroolesi. P ress l 
core as shown in F ig . 2(c) having i a a i r contact 
with t V Dcordlnt: iT»rf.ium„ A hlgh-freo.uai< v I t of suff icient aagnitude 
to ra iee the flux denei ty of the medium to sa tura t ion i s avnl ied tc th« 
medium uhi:'.e i t ia pass ing thl9 a i r gap. As t:-.e t3ne leaves the gep, the 
f lux densi ty i s e f f ec t ive ly reduced ",o zero by tho demagnetising effect 
mentioned in connection with the record ing prooeeso 

Frenuency Response of a Magnetic Recording Syotem. 

I t i s very d i f f i c u l t , if not inrocssi ' i le, to commit? t h e o r e t i c a l l y 
the frequency response c h a r a c t e r i s t i c of a giv-»n magnetic recording syfltea( 
I f i t could be assumed tha t a constant cur ren t in the recording-head winding 
produced a constant magnetizing HIS' and hence s constant res idua l flux cens 
s i t y for a l l f requencies , then the vol tage generated In • r ing - tyos playback 
head under ideal condi t ions would be 

e - K i (0 sin wt) 
dt 

= X f <t con ict 

This correoponds to a s t r a i g h t l i ne rifling 6 db per octave when output vol 
in db io p lo t t ed aga ins t the log of frequency its shown by th<= broken l ine in 
F i g , 60 Tiie ac tua l resnonae from a t y p i c a l recording system for a constant 
vecording current f a l l 3 below the idea l response both i t low freouenciee and 
tit high frequencies a s shown by the sol id curve of Fig, 5. The droo fit the 
low-frequenc-- end occurs when the wavelength o:.' the recorded s ignal i s com
parable to the physical dimensions of the playback head. By referenco to 
P i g s . 7(a) and ( b ) , i t I s seen t h ' t .hen the rccoi-dins mediur i s in a pos i t ion 
to produce the maxiimm flux through the playback bead, only a f rac t ion of the 
t o t a l f lux l inks the windings for long wavelengths while s u b s t a n t i a l l y flll of 
the flux l.'.nks the windings for short wavelengths. This r e v o l t s in E decreased 
output vol tags for very lew f requencies . 

The drop in output a t the high-frequency end i t due to several factor? 
the major <nes being demagnetization in the recording medium, leakage f i e ld 
about the recording head, and the scanning ef fec t cauood V. 
of the s i r rap in the pla-'back head. Magnetic 3kin e f ' e j t in the recording 
medium E id eddy cu r ren t s in the core of the nl'.ybonk hiad may a l so contr ibute 
under cer ta in c o n d i t i o n s . 

I t i s well knoim tha t as the r a t i o of the length of a bar Tiagnet to 
i t s thickness decreases , the f i e ld a t one end of the ringlet due to the pole a t 
the e ther end increases» This "solf-demngneti iat ion" ve luces the t o t a l f i 
s t r e n g t h . At high f requencies , then, when the half--wavelengt>. of a recorded 
Bigr-il approaches the th ickness of the medium r. simila-.* condit ion ex is te where 

I 
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v he sect ion of the raei.'um a hr l f -vavelength ion-, i s cons in 
individual magnet. For <- magnetic tnne 0,,001" thick running a t a roeed 
of 10 inchPB Tier second, the frequency hnvin.1 . • ual 
to the tape thickness i s 5000 cycles ner neond* 

A continuous) recording of a sinusoidal sign) 1 nay be conaiclnr'ii1. 
as a se r i es of magnets each a half-wavelengt'i l j ag v i t h l i k e riolee nlr.ced 
next to each o the r . For t h i s caseihe f i e l d a t any noint i t » r e s u l t a n t of 
the f i e ld of a l l magnets in the v i c i n i t y . Ai the ler.: . lece magnets 
decreases, the influence of neighboring Eagnots bee •-e pronounced 
and reduces the e f fec t ive f i e l d of an individual magnet. The magnitude! 
of these de^gnetizlnf- factors are d i f f i c u l t to ca l cu la t e sine? they deuend 
not only on physica l dimensions hut also on ;h': d i s t r i b u t i o n of the magnet
i za t ion nnd th^ magnetic p roper t i e s of the recording medium, However, 
can he shown tha t mater ia ls of high coercive force and l.ov residwii iw ' 
suffer less dem8tsr.etiza\,lon titan «v?.terlalG of low coercive force and high 
res idual magnetism. 

The f lux t h r t ent;--rr the recording medium from a r ing - ty re rec ) 
he»d i s that which fr inges thr^ ; i r gan. In the idepl crse th is f lu* en ters ': 
iridium only in tho arf-a that i s hetveen the gap faces as in Fig. 8 ( a ) , 
the lea'-rage flus: around the recording gar> spreads beyond ths gn-.-j faces 
enters the tano on e i t h e r s ide of the jgan ns shovn in Fig„ 3(h) . I t i s evident 
that i f thp d i r ec t i on of the recording MKF is re-versed before a mr- net! 
element of th= medium l^nves the region o;' tl -" leakage f i e l d , the ele 
v i l l su;fer some demagnetization. This s ' tuf . t icn, of cours», e x i e t s vheij. 
Bhort-'-'avelen,jth or high-frequency s ignals are teorded. The use of p. 
core m- t e r i a l having a h i r 'h-sa tura t ion f l u r r en r i t y and recording with I 
an KMF as poss ib le helos to mi!i;.ii-,;e demagnetisation by t h t i leak&gi- f i e l d . 

The decrease in output as frecuency i? incr?a?ed that i s CSue 
tho f i n i t e width of th* f i r ,*fi > in the ruaybsck head i s readi ly commits 
the function 

ainlt X 

where 5 i s the gan width n n d X i s the wavelenrth of the recorded s igna l , 
l o s s due to t h i s e f f e c ; , howev-:: , i s a small o.-̂ rt of the to ta l l o s i 
examine, a s igna l of 10 EC recorded a t a s'oeed of 10"/sec hi a a wavelength of 
0.001 •', anc assuming 3 = 0.0005' the value of vv>. above function lu j | , or 
A db. The t o t a l lose under these condit ions Is normally several tim^s th i s 
val ue . 

The ef . 'ect of eddy cur ren t set UP in the magnetic mediura dttrin 
recording process and in the cort; of the i : head during nlayl 
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\>"f>n evaluated. If the ooorsthig aneed i s s ich thf t very high frequoi><-
are recorded, i t i s reasonable tn assume thnt some lose in output a t 
frecuencies occurs a s a r e su l t of these eddy c u r r e n t s . The cores of nlay-
back heads a re usua l ly Ifininated to minimize eddy current, l o s se s in the 
renroducing crocesa. Of course skin e f f ec t a t the Man frequency l i m i t s the 
•oenetrntion of f lux in to the recording mediumt but t h i s causes a ciecreaee in 
output level for a l l pignal freaue.icies and would no*, a f fec t the shane of the 
reanonse curve . 

Requirements in a Magnetic Recording Systemc 

The design of a comnleto magnetic recording system involves consld 
»r=tion of many f ac to r s Cer ta in p ro^e r t i ^ s in the recording ;nedliun, the 
and the drive mechanism are basic reoulroments, while the rr.-1~rials used, *h>-
ac tua l form of the eoviument, and i t s OV*ratlng soe^d are determined by thi. 
Dar t i cu l - r *Tmlication for which the system i s interdpd., Froa the information 
contained in the ^receding discuss ion i t i s noss ible to enui some of theec 
requirements.-

High coercive f^rce and low rsa iduul magnetism are e s s e n t i a l prop
e r t i e s in a recording medium where maximum high-frequency response or 
reso lu t ion of pul?od s ignals ia desiredo However, in p r ac t i c e coerciv-
i s l imi ted to 350 to 400 oers teds by the difficulty of obta in ing su f f i c i an t ly 
high magnetising f i e l d s ia the recording head without excesrive leakage f lux. 
The va" ue of res idua l m-i^netlsn a lso must be su f f i c ien t so tha t a usable outnut 
level is obtained from the ^lay':>ack head- Reducing the thickness of f tf-pa or 
the diameter of a wire decrease* the demagnetization of a recorded signal , The 
H a l t to reduction in s i r e in t h i s respec t Is se t by cons idera t ions of Bee 
ical s t rength and output l e v e l . High r e s i s t i v i t y i s another des i r ab le nroperty 
in the recordinc medium Higher r e s i s t i v i t y reduces the magnetic skin eff 
fjid allows g rea te r j ece t ra t ion of f lux in the recordi?ig nrocess The c 
of so l id metal or nowdered mater ia ls and of vatie, wi re , or d i sc form d( 
the p a r t i c u l a r a i n l i c a t i o n of the system, Solid ratal ; . r . te r ia ls a r e mechaa-
i c i l l y strong aDd exnprience l i t t l e wear with use , Powdered mater ia l s coated 
on a su i t ab le broking give b e t t o r high freouency respon«o, but have a low 
cutout ar.d wear out a f t e r a few thousand " l ay ings , i / ire occupies l e s s snace 
than f l a t tpne vhen wound onto a r i e l BO i'; advantageous when a long recording 
time i s des i red . 

I t i s evident tha t for tne core of the r ec i rd in f road a high-pnra-
e a b l l i t y material should be used. In -oartic\ilar i t should have th» highest 
s a t - r a t i o n flux densi ty r>0"sibl along with a neg l ig ib l e rec idua l magnetism... 
I t must i-lso be of laminated cons t ruc t ion to reduOO eddy cur ren t ef fec ts 
p a r t i c u l r r l y ° t th<» bift3 frequency. To f a c i l i t a t e win ins; of the co i l s on 
ring-tyrjf heads, the core3 are u-.u-.lly o?de In two p i r t o , and the faces on 
these two ~::rt8 a r t ground to glvO a good f i t on assembly.- TJo spacer is ut.ert 
in tb»» recording o n if rciximura hlt 'h-frecuency regno v e i s d e s i r e d . The tyne 
of winding used Aentnds. somewhat on the detl0> of the arrol i f iern supplying 
bias and recording s igna l s - BoUi "ligh-in^eds.nco and lov-irf.or'tiance windings 
found on comnerclal recorUng eouinnant, the form' "ing coupled dir^ctl-.-
to tha p le te i f the out-nut amoli f ier and the If t t e r coupled through r. sui table 
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transformer• Where hi,;;h 'bias and s igna l frequencies ire employed, trar 
genera l ly cannot lie used.. IX mors , care must be taken to keep dial 
canacity In the coi l to a ralnlrr.ua oo avoid resonance effects within the r'• 
e t ing range. Separate windings for the b ias and recording aignala may be 
u t i l i z e d , and have the advanta :e of more simple amplif ier c.ealgn when economy 
of tubes I s not important . 

The core of the playback head should sa t i s fy the general requirementf 
of low IOKS and neg l ig ib le i-eoiduai mngnetlsn. as in the case of the recording 
head., However, i t s lrnn-rtant c l v r a c t e r i s t l c i s i n i t i a l permeabi l i ty , which 
should br as high as p o s s i b l e . Although bes t roeu l t s would "o? exoocted from a 
magnetic c i r c u i t having a s lnglo a i r gap, i t i s more p r ac t i ca l to divide the 
core a s has been described for t'ne recording heF.d* Jyiametry In the co 
In the windings olaced on the t'/o halven gives the far ther advantage oi 
pickup from extraneous magnetic f ie lds . . In any case magnetic sh ie ld ing of 
the nlaytack head i s e s s e n t i a l aenecia} ly with low-output- -12vel recording 
media such as the powdered • a t e r l a l a * /. higr-impede:.co winding to connect 
d i r e c t l y to the ;;rid of the playback arrplif i e r i s usua l ly t i t l e fac tory , although 
a lov-impedence winding and ste*>-irp transformer may >e des i r ab le i f the 
very small or i f the core has been formed In one n i e c e , 

The requirement?] for ;he core mater ia l of the eras ing head are id 
lea l with those of the recording head. I t s fea tures of cons t ruc t ion are also 
the same except t ha t a gro of 0.010" to 0„02C" i s neoassary. i t s winding tiho'ili: 
be designed to obtain a maxinrua pover t r ans fe r from ho eras ing amollf i-T. 

For f a i th fu l reproduction, the recording modvum should pass the 
recording and the Playback hoedn a t as nearly a cone tant spaed as e o s r . 
since f luc tua t ion In sneed wi l l caiise va r i a t i ons In both thf anrplitude and 
the frequency of the reproduced 3ignal- 7or t h i s rer ion some typo of ; 
crive i s i*sed Ins tead o* gears or b e l t s . Usually a mechanical f i l t e r a r 
such as a rubber - t i r ed i d l e r engaging both the rcotor shpft, rnd the r i n of a 
flywheel on the drive shaft i s -..neorporated In the speed reducer design 

The choice o the for. - of the recording medium determines other 
requirements in a^chanloal const ruct ion of a r.->cordl!.;T system, For ic-ig r e 
cordings on tape, su i t ab le r e e l s an i a rewind in/: aechanlsm a re necrssarr 
a l so anni les to long recording;-: on wire , but in this e 1.-winding to 'deoe 
to prevent bunching of the wire on the r ee l s must be p~ovidoi<, For recording;, 
of a few seconds or l e s s a comlnuous loop of tape or -./ire rx\y be formad and 
passed over a s e r i e s of pul leys ; a disc of magnetic mater ia l might a l so be used 

Since s l i g h t va r i a t i ons in the con t r e t bet--arm the recording mediur, 
and the recording and playback heads wi l l cause considerable va r i a t i on in 
amplitude of the reproduced s igna l , the medium mu^t a u ldo i so that these 
do not occur- Equally importer.•, for good high-frequency rejrjenso i s proper 
alif^iiiient of the record.ng and playback gaps- Both ,;aP9 e'r 
a ^ l e with the d i r ec t ion of tape l o t i o n . Since for high freouencle-s the • 
length on tha tape approaches tha order of magnitude of the jstr width, 
difference in these angles w i l l cause a aubs tan t l r l loss in out-nut. The 
' i f f l c u l t y of maintaining t h i s ,-.d,?u.Hment In commerc ,al equipaant pre* 
the us" of vide cores to increa .o the s ignal Invel from the playback I 
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ftxo or i mental Magnetic Recording Srctem 

The general / e a tu re s of the recording system designed fo;r experi 
mental purposes in the Center oi Analysis laboratory are eho\m in F igs . 9 
and 10,.„ The base and front a re of l/4M aluminum and of atwidarc! panel wicth 
for mounting in a rack- The pul leys shown wi l l accomodate loops of tape 
from 54" to 60" long and up to l / V v i d e * • A brass idl"-* nullay maintains 
tension in the tare» Che mounting n l a t ^ s for the herds may be t i l t e d in •• 
d i r ec t ion by thumbscrev adjustment* They a lso may be ra i sed and lowered and 
ro ta ted about an axis perpendicular to the tape* This f l e x i b i l i t y in the head 
moimting allows d i f fe ron t s izes find types of heads to be edn.pted to the ma 
The dr ive shaft i s mounted on V I I bearings with the dr ive pu l ley on the front 
and a brass flywheel behind the panel,, The dr ive pu l ay la turned by f r i c t l o n 
between the flyvheel rim and a rubber - t i rod wheel on the mot^r phaft , Tlie 
motor la a l / l 2 5 HP d-c motor with s p l i t f i e l d windings. To obtain an adjustable 
speed over a vide range by f i e ld con t ro l , the f i e ld windings a re connected in 
p a r a l l e l to a 220-volt l i n e through su i t ab le rheos ta ts and the armature i s 
SUP •'lied from a 110-volt l i n o c Tliere a r e two rubber wheels on the motor shaft 
BO tha t two ranges of speed can be obtrined by sh i f t ing the not">r to engage one 
or the o ther wheel with th« flywheel- By t h i s arrangement the speed «*•-;. 
adjusted from about 3„E" / n 8 C to 3"/sec and trou l l " / r e c to ' 6 * / u ) 0 . The q 
cont ro l s and an on-off switch, aa well a s input and output ploigs, apnea.? or 
the f ront panol,, 

A schematic diagram of the comclete recording systom i s shown in 
Fig* l l o The ampli f ier c i r c u i t s and head construct ion were changed from time 
to t ime, and space doee not penrrlt a descr ip t ion of a l l the designs t e s t e d 
Those tha t were used tc obtain the curves included in t h i s report,, bewever, 
w i l l be descr ibed . 

The erasing head has a s p l i t rir.g-tyne core of 0 t0C3" x l / 4 " Ripers i l 
laminat ions stacked to a thickness of l / 8 " , the laminations being perpendicular 
to the r ad i a l d i rec t ion of the corfc. This core was obtained from a Raytheon 
UX-7350 pulse t ransformer. The head has a s ingle winding of '2d turns «? '.' . 
wire and a working a i r gap about 10 mils-, wider At 50 KC t h i s head has an 
induetanco of 3*2 mh and a Q, of about 5* 

The recording head le -ileo of s p l i t r ing- type conBtruction bu'- la 
made of 0,006" 4-79 Mc Permalloy laminat ions , In t h i s head the laminations 
a re p a r a l l e l to the r a d i a l d i rec t ion and a re stacked to a depth of l / 8 " , n 
the face of the head l / 8 H wide as compared with l /4" for the erasing head, The 
laminations are shaped 30 that the width of a lamination t a r e r s to l / l 6 " a t the 
working g».p as shown in Fig* 12* Two windingij are placed on each half of the 
core The signal winding cons i - t s of 26 turns on each brlf or a t o t a l of 52 
t u r n s , and the b i a s wlndinr 150 turn? on each h.->lf or a to te] of 300 turns 
Humber 28 wire i s used for a l l windings. Since the faces of the cores were 
ground to a close f i t , i t i s ectlmated the t the working gap cf tUie head i s 
l e s s than 0-0005" ., The b ias winding haa an inductance of 6 r? ah and a Q of 
about 2 a t EC KC, The aignal winding has an inductance of ^ l O ^ h a t 1 KC. 
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The playl ad I s I Erush Dev. tjnoe '8X-91.9 
I t has ? core 1/8" wide ai a lona i >pro; ' 015" thick sad 1 
in e. molded bake l i t e hold-.'/' encased ID I core l a 
r i n g tyre with a winding on each half* The two halve i wi'; 
r,ynr.>trJ CP.1 to r.-duce nickup from eitrrn^ovm f ie lds . numbST of 
turns of the windings i s not ava i l ab l e , but the no* \x~eA inductance i* 
a t 1 KC. 

As can be seen on the diagrem of F ig . 11 "our separr.tr aanlJ 
a r e user' in the coiimlete recording system: for e ras ing , b i a s , recording, r.nd 
playback respectively•, Clrcni . diagrams for these e re shown in ?l^s« 13 , 14. 
IB, and 16, 

The e ras ing ampl i f ie r , Tig. I S , and Mae ampl i f i e r , F ig . 14, are 
s im i l a r ; they cons i s t of an l n f e r ' e r s tage dr iving a wash-pul] power airrnlj.fi t 
s t a g e . The p la t e loads of these nower s tages consi t of t is windings, of the 
respec t ive he-ds tuned for p a r a l l e l resonance a t 50 KG and couuled to the pl« ;. 
of the tubes through su i t ab l e condensers. The smal1 r e s i s t a n c e in s e r i e s with 
t!"e bias winding nrovides a means of measuring b ia s c u r r e n t . Maximum values of 
50 ma erasing current and 35 na b ias current were required for the her.ds usei • 

Ths recording ampl i f ie r , F i g . 15, a lso cons i s t s of an inve r t e r .and 
nu3h--pull oower ampl i f i e r but i s coupled to the s ignal winding of the recording 
head through a t ransformer. I t was designed to nrovide a constant current of 
20 ma max. through the winding for constant innut vol tage o-*er a frequencr 
range of 100 to 15,000 ens , The desired con?t int current c h a r a c t e r i s t i c i s 
obtained by providing a negat ive feedback voltsge nro-nortional to output current . 

The olayback ampl i f ie r . Fig . 16 , i s a twc-3t^ge ?.-C coupled amplifier 
having an e s s e n t i a l l y f l a t frequency resnonse from ^00 to 19,000 cps- To prevent 
the anpearance of any 50 KC voltage from the erase or b i a s f le ld3 in the ampl i - ' 
f l e r outout, a low-pass f i l t e r with cutoff a t 30 KC was added, ' ' i t h t h i s f i l t e r 
the ampli f ier response a t 50 KC I s 50 db below that a t 18 K3, I t s gain a t 
1000 cps I s 26.3 times or 28.4 db, 

Resul t s of Tests on Experimental System• 

. 'ilith the recording onuiiment described a^ove t e s t s were conducted with 
s ix di f ferent recording media to pvalur te the performance of the equipment and 
determine what f ac to r s reouired fur ther inves t iga t ion to improve high-frequency 
response or resolu t ion of d i s c r e t e s igna l s represent ing coded information. Up 
to the present time the data obtained i s in su f f i c i en t to allow concluiive s ta te 
ments to be lade r ep i rd lng some features of the system and recording media., 
Cer ta in r e su l t s however are slgnifLeant * 
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I 
In Figure 18 ar>- shown the complete hys te res i s loop) for these tapes 

a l l drawn to the same scale . Thaw curves and the tabulated values of Hf 
BJJ obtained from them a re included -primarily to ahov the orc^r of magnitude 
of the --.̂ an t i t l e s being considered Etcaiise of l i m i t a t i o n s in the tent 
mant, eu-urcee of er ror erjiat which have not been men'urnd p r e c i s e l y , From 
cor re l a t ion with 'mown "a luos , however, i t la eatirasi.ed that the e r r o r s do 
not exceod 10 percent-

Al l of the t es ta p»rforTied on the recording squipaent were a t a tape 
speed of 8"/GQC, which of i t s e l f imposed an upper freiv.ency l imi t of about 
10,000 cn9 on the r e c o r d i n g This was dene to reduce tape wear, reduce 
amplif ier design problems, and allow uss of a lower Men frequency a Neglecting 

. second o.-der e f f e c t s , the ahafe of the fzr»qu';ncy rec.icn'se etirve i t a function 
of *ane wavelength ra ther than a c t u a l frequency. Therefore, t e s t e taken a t B 
low speed were considered to bp Indicat ive or.' systen ' r forrance a t higher 
speeds 

A frequency of 50 KC was used both for b i a s and erening- I t was 
observed tha t for r a t io s of b ias frequency to sigB&l frequercy of l e s s then 
5, moduli".tion ef fec ts occurred, causing d i s t o r t i o n of the output s i g n a l . 

Aa might be expected, the maximum leve l of the recording s ignal for 
d i s t o r t i o n l e s s recording va r i e s ••ith d i f fe ren t recording media, with b ias 
amplitude, and with recording frequency„ In '".bo t^strj to be described the 
recording s ignal level was kept su f f i c i en t ly low to avoid serloue d i s t o r t i o n 
from any of these causes 

Comoarltive response curves for the air recording media with 
imately ,heir normal values of bip.o current a re shown in Fig, 19. The gei 
shape of each curve corresponds to the typ ica l response of ; lg 6 The outpul 
l eve l s a ; low frequencies to a f i r s t approximation are the oonnrrt. t lve si 
l eve l s tha t can be expected from the d i f ferent media, I t Cfn be seen 1. 
ia a d l roc t re la t ionsh ip between theee Irveln and the respect ive values of BT, 
orevious 'y tabulatedr The curvg for Brush p' .ated t m e does not ehov t h i s 
d i r e c t l y s ince i t i s a narrow tape hrving a width roughly 1/10 t ha t of the 
recording; path on the other topes.-. Howovor, s ince t le fiignc.l-to-noirsc leve l 
is an roxlmately the same for a l l media t h i s difference la output l eve l -
frequencies can be compensated fo- by proper ampl i f iers Therefore, i t \' 
frequency or more accurate ly th-> wavelength a t which maximum response «. ccurp 
the slopo of the response curve for high frequencies th'-.t ind ica te the merit 
of thp recording system* 

As has beer, ic in tad out previously, demagnetization in the tai 
leakage f lux a t the recording n-jed are pr inc ipa l fac tors causing the deci-r 
response a t short wavelengths-: Since the demagnetization f sc tor depends on 
the B^ . -at io , as would be exepet id th6F4 i r o. corr^ la t ion "between the T^r q\j 
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a t which w-ximum rernonse occurs in Fig* ?9 and the ? the H curves 
of F ig . 18. The s t e e l tane ha a the highest B^ r a t ' - = nd Lowest iraixi : 

Ho" 
response frequency, while the llWi tape has the lowe. t % r a t i o and h i g h l i t 
•naximum- response f requency„ HT 

The rragnitude of the dron In hlgh-frenuoncy res"<on«« caused by 
leakage flux a t the record ing head Is not evident f 'om the reerjouae c r 
of Fig* 19,. However, the e f fec t of t h i s f ac to r I s I l l u s t r a t e d In Fig 
and 21 , which ' r e response curves for two recording iMdla for differ* it 
values of b ias c u r r e n t . For the higher values of bias c u r r e n t , or re:o••: .1 
MMF, the maximuiB-reaponse frequency is lowered and ho res'ionce curve f a l l s 
more rab id ly with inc reas ing signal frequency. 

Soae information on th" va r ia t ion in frequency r o s j i n s e with oh 
in Mes frequency was a l s o obtained- Tho t e s t s whli'h were 11p.de show only a 
comparison between b i a s frequencies of 50 KC and 140 KC where the 1 
of the respect ive b i a s current:; were adjusted to give equal outwit e for low 
signal frequencies- Figure 22 shows th" r eeu l t e for h pla ted 
and the KMM taoe which e r e typica l of the r e s u l t s from a l l of the tapes A 
s l i g h t l y higher outnut was obtained for 3hort wavelengths i lgnale with 
higher b ias frequency than with the lower b ias frequency< The reason fo r 
t h i s i s not know,; whether i t Is a function of j;he skin e f fec t in the taps, 
the leakage flux d i s t r i b u t i o n :'.n the recording head, or the mechanism of the 
recording orocesa as discussed on pages f and °> BUS be determined by fur 
exreriEoai/a-cion., 

Hecanmendations for Fur ther 3rr~rf.mental Work, 

The t e s t r e s u l t s t h - 1 hare beer. Uecussed In the preceding paragraphs 
ooint out a lack of Information "bout severa l fac to rs in the r ecord l r 
and suggest some changes in equinmant design for studying s torage ne t iods . 
The most obvious f a u l t i s excessive leakage flux about the working gs) of tho 
recording head. A core smter la l such as pernondur which has a very high 
sa tu ra t ion flux dens i ty should be t r i e d , and the t l i s of the ( it be 
shaned so t h ' t they contac t the t a ie only a t the gar,. Thi i woulil give a some-
what longer peth for the unwanted leakage f l u " Th affect cl grind] : 
DOllnhlng a f t e r heat t reatment on the nermeabil i ty of the core t i n 
known, 30 a means for accura te determination of flux d i s t r i b u t i o n arour 
recording gao would bo very bonef'. s l a l In tho design and cons t ruc t ion of 
recording hoads. 

Since the speed a t which Information may bo recorded on and roac 
a magnetic storage medium depends on the speed a t which the medium is moving, 
t e a t s should be conducted to determine the pract l ".a!, l i m i t on operat ing s • 
and the r e s u l t s of recording a t such sceods. I t i s e s t ima t ' d tha t these speedn 
might be of the order of magnitude of 100 f t / 11 sh high t-on-ds would 1 
a redesign of the e r a s i n g head as well a* the recording ar 
these snesds an eras ing frequency t h ' t exceeds the highest tlv t ;nuld br 
corded would not have su f f i c i en t ngnet ra t ion for complete erasing.- For 
reason, erasing or danaguetizatior. of the aediur: • w to bo accomplished 
by a low-frequency decaying f ie ld such as would bo obtained by nasslng the win? 
or tape through the cen te r of an a l r -corod COilc For high speed operation, 
of coursa, the recording and playback heada must be designod l o r the high 
frequencies or short ^ulaea which would be used-. 
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C i rcu i t s for suijplyine and reading the :;odo I b i io ; . Ltion 
I to 1 Bhould ho b u i l t for use with the record • l l t t l 
info•rnetlon i s a-r.',ilabl? on techniques of recording pulse jtguftlBj I t la 
reasonable to asoume tha t the length of a recorded >ulee on the tedium 
not exceed tha t requireafor recording the minirmrn number of excise of a 
sinuroiilal signal that would exci te a tuned c i r c u i t in the reading eft' 
for the l a t t e r type of s igna l . Shit la aneumin.* thnt oin^.-oidal i lgna l 
two dlf:' ront frequencies would ho used to jv?pro3eni the two b inary d i g i t s 
and the ; the reading equipment would contain f i l t e r c i r c u i t s .for oepsr 
the two T'ronuencieB„ In the f i e ld of c a r r i e r tele.j'rrnhy I t has been f< ' 
tha t (it l e a s t 5 cycles of a s inusoidal 3ignal a r e reoulred for euch selection* 
The use of pul~;e s i gna l s , therefore , should not r e s u l t in a lose of recordir. •" 
car.p.ci'y, vhi le I t allows the recording and reading c i r c u i t s to be of much 
simpler design. The use of a high-frequency b ias slgnnl lr. -raise recor 
'••ould be unnecessary since a l i nea r c h a r a c t e r i s t i c is not required, hov 
the r e s u l t s of recording with d i f fe ren t bleu frequencies, ss shown in 
Indicate that the effect on pulse amplitude of usir.^ a Man s ignal should be 
investigated*, 

On a f l a : Recording medium such &3 a taoe cr disk I t i s possible to 
obtain nore than one recording trr ck,. In e l ec t ron ic compiler app l ica t ions 
the ada i t lona l tracks might t e u t i l i z e d for synchro ill Lng signals or for 
rec~rdinf nddl t i sna i informrtion uhi-h i s not required to t e read Independ
ently of tha t on the p a r a l l e l t racks* An est imate of trw • .Idth and spacing 
of such t racks may be obtained from date on the Brush 3evc J W ent '•" pany 
d i sk- ty ie recorder . Using a powder-coated paper d isk , i t produces a 
track 0,014" wide an"d spacing between t racks of 0,C11B,, or the eoulva] 
40 tracks per inch- Heads with th in cores a re usee1 io r ol 1 'ir.ir.f: these 
narrow tracks,; 

The problem of m^rkinf; the loca t ion of spec i f i c lnform*-tlon recorded 
on a magnetic medium and of pos i t oning the mediup for re : oval Of th 
nation recui re senarfcte study. Multi-channel recording or. a f l ' t T 
ce r ta in advant- .es ovpr single-channel recording ir these r e spec t s - Some 
of thee? adventures a re ; ( l ) • separate channel night be v r d for synchr 
and mar.'clng s ignals ; (2) Information might be grou: c t ions of tb 
thus rP'iuoing the time reonired to pos i t ion the ta: e for playback; (?) recor ii 
might b* done in opposite d i rec t ions on adjacent Channels: to 'avold loss of t 
in rewinding or (4) nuccessive s ignals might be recorded en senr.rate channeli 
to allow rocording a t a higher pulse r e p e t i t i o n r a t e ; for example, with four 
channel), nulsos 1 , B, 9 , 13 e t c , would be recorded on ore channel, pulses 
2, 6, 10, 14, e t c . . would be r e e v d e d on another channel, pulses. 15, ' , 11 , 15 
e t c , »n ild be recorded on a th i rd , and inulsas 4 , 8, IT, 16 p t c . won d 
recorded on the fourth channel* The so l id metal t=nos o'-nvlding "overal 
channel; r l s o «re stronger thrn wire media ?o -oulr'. he deferable where rapid 
nositio.ilrg of th° medium places considerable s t r e s r UTion ' 
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Tho orobi^m of nnnitJonlnfi th° .• • 
design ( e well aa e l e c t r i c a l The t o lu t i o n m°y l i e In a su i t ab l e 

-^•>tion of s^rvomachnnl-Ti i r l nc lp l e s or l a thp cnn - tn : : a s a t i s 
fac tory syntem of clutchee to »ngage thp t8r>e or wire system v;lth a ro t a t ing 
dr ive shaft as dosirod. 
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APMMMX 

B- H Curve t rac e.r 

To provide a means fi • i l i s Loop 
magnetic recorderig . nt for t r i 
ray oscJ l lo sc developed. I t cons i s t s ">f a . 
wound on a cy l indr i ca l tub wi] »f a 
down the cen te r of the I Lrcul t 
hor izonta l and v e r t i c a l def lec t ] >ns on 
A diagram of the magnet! s i - co i l 
I s wour.d on a s lo t t ed farm so tlv->-„ e to he tes te : 
eas i ly he threaded .. i< '.'ten in p o s i t i o n for 
the nickup co i l is n ivad to the center of the tho 
tape oi-ejes through both c o l l s . 

The theory of the operation of the equipment i s aa follows * 
60-cycle s inusoidal magni force i s gene ra t e ! In the magnetising 
c o i l b> nee sin/.' 60-c."cl» current through i t s windl se the mi 
iz ing l'orce i s propor-tional to the cue ren t flowing the v>ltr.ge drot> 
across a r e s i s t a n c e in s e r i e s with the co i l i s pro i H and 
car. he usea to give the hor izonta l de f lec t ion in Purthei 
the voltage Induced in the pickup co i l i s p ropor t iona l to i of 
change of f lux through 11 g ': i 1 of ;hls . >ltag la pro 
to the flux through the pickup col l« If t h i s flux were e n t i r e l y within 
the t a t s , then (his in tegra ted vol t rge would fl.li 
deelrec. value of flu.- dens i ty }[ and could he us" a v e r t i c a l 
def iec i ion on I) Letup co i l used, howe • had a 
cro i- cec t ional s.roa several times thr.t of a tane^ so th" ; the ac . I 
in the tane i s only a frac the I i t a l f lux t > 
t h i s reason a second pickuv co i l a i i r i lar to the 
was i l aced besido the s l o t t e d col l in the magnetiz d« By connecting 
the two pickup co i l s in a su i t ab l e balancing c i rcui ty a r e s u l t a n t voir/ 
oror>orti">ual to th'^ flux through the tape E-Io- i 1 tegral 
of thif vol t a r e , then, i s pro o r t l ona l to the flux in t'.ia tane<> 

Since the c ross -sec t i m i-ea of the magn. t i c mater ia l in the 
tape i<- not the same for a l l tapes,- th* c l r c u l i mist ' balanced foi 
mea9urrmeit•• To accomplish th is a c a l i b r a t i n g co4 io mounted with 
the nick-uo co i l sc This c a l l h r a t i n g c o l l vns con io produce a 
voltage eoual to the Ln the ? lo ' . ted p ic tup co i l i f i t had a 
c ross - sec t ion of \/A" 't 0.-002', or the dim m i average t ape . 
Cal ihre t ion thus cons is t s of ad jus t ing the output of I ;0 ce i l? to be 
the orcner f rac t ion of th • age f n ' he c a l i b r th i s frai 
being cetF.-rrciined by the r a t i o of the taoe s ge 
0C0005 sq l n r The const ruct ion of the complete pi '.1 asset" ' 
shown 5n Fig., 24., 

C i r cu i t diagrams of the ampl i f ie rs used with the T»H curve tracing 
equloBsntare sh-.»wn in Figures 86 -nd ?G„ The H-amolifier (Pigo ' :5) consist'? 
of a s ing le s tage with a phase - sh i f t control,.. I t is i a g-iln of 90 Tho 
B--anplifier (Fig- 26) contains r. two-etige - <er an H-C ln t 
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c i r c u i t , and « three itage fi L l f i e r . "hen 
taken on solid » tl ' RTtea h-"'ir<; n hi,-r i * : Lfler 
i s not re ilred and • • bn r ! tched out The measured values of gain -,t, 
6C cps rr« "0 for the nreamnllf ier , 1/155 for the In t eg ra to r , and 3680 
for the f inal a a - l l f i e r , or an overal l £ein of '92 0. Tho requl'-f'nonts 
of Ugh g-tn aiU z^ro "hase shi f t over a band of i . ' e i t a t ed 
careful design of thp amolifliirs.. Comnonsafin': c l r c u l t i and negat ive 
feedbaci were used to obtain i he required nhase c h a r a c t e r i s t i c * I t was 
found necessary to u ' o a d-c ii lamont voltage because eve i email amounts 
of nickup from a 60-cyr:le filament curront caused < b jec t l i<iablo d i s t o r t i o n 
in the curves traced ou toe 0 .0, 

The procadure foi making a hys te res i s - loop moasur^-nent and de te r 
mining the scale fac tors i s as follows: A. schemntic diagram of the equir>-
ment i s shown in Fig., 2 7 . The pickup c o i l assembly without th« te.pB sarml-j 
I s posit ioned a t the center oi the magnetising coi l and the switches a re 
adjusted so that the nuttmt of the c a l i b r a t i n g co i l nimaara, as the ve r t i c a l 
def lect ion on the CHO. This def lect ion i s edjuste< to I mvsnient vali 
moans of the pfiin control on the CRO. The ca l i b r a t e switch is then :_ 'o n 
to i t s " tea t" n o s i t i s n and tb> balance control adjusted u n t i l the ver t l i 
def lec t 'on i s the tsroner fraction of t h a t observed for ths ' c a l ib ra t e " po 
t h i s f ract ion being determine; from the cross -sectional area of the magnetic 
mater ia l in the ta-oe in the Banner previous ly described. ?he phase control 
i s now adjusted so t ha t the brace on the CRO i s a s ingle s t r a i g h t l i n e , Next 
the tnoa to be tested I s Inserted in to -,he nickup c o l l . I t should bo long 
enough 30 that I t extends a few inches beyond ei th>r end of the magnetizing 
c o i l - Suitable adjustment of the gain cont ro l s gives the c eeired B-H curve 
for the taie„ 

The horizontal scale factor for the B-H curve obtrv'ned i.s de 
in the following nannert The outmit of the calibre. t ing co l l i s measuri 
a voltmeter for the same qugnstizing cur ren t an used in the test , . This 
vo l tage . e c , i s 

•"> - 8 - o 
e c

 : Vc * it : N , A C U £ c a °°" C» •• 10 
dt 

wher<; Nc is the numb r of turns on the c a l i b r a t i n g c o i l , t c Is the cross-
sect ional area of t h i s c o l l , and 'Ren la the maximum value of flux dens i ty 
in i t , Solving for Bc tn and s a b a t l t u t i r g constant values <;ivss 

Bcm „ 3.9 x 104 Ec I: 

where Ec i s the r.m-a value of e c -

The magnetizing force, H. i s nam'1!'. so i.r 4« is the peak- to-
neak horizontal d e f l e c i o n , th i desired soa:.e facto i ta , 
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V 
3.9 x 104 Ec 7.8 x 10 ...i oer 

un i t d i s ! 
' 

To determine the v e r t i c a l scale f ac to r , the paak~to-aeak horizontal 
and v e r t i c a l deflecfcioas of th3 B-IT curve a r e observe horlzonta 
def lec t ion should be the gane aa that for which Bc was measured. Then the 
magnetizing force i s removed and .1 60 cos vol tage from an o s c i l l a t o r or a 
notPiitiornoter nlaced across the nower l i n e 1s f.nplied to the amol i f ler innut, 
The nagr.itude of the vol tage r-squired to nroduco a v e r t i c a l def lec t ion equal 
to the hor izonta l de f lec t ion observed for the B-H carve i s measured with a 
voltmeter* l e t the r , ; a , s . valae of t h i s vol tage be V, 

I t i s evident t h - t i f t h i s val ae cf V i a equal to 13- then the v e r t i c a l eeale 
f ac to r , S , for a ta-ne of average c ros s - sec t i ona l area i s the sane as the 
hor izonta l scale fac tor or 

Sv 3 7.8 x 10 Ec -au?s»s n r r u n i t d is tance '• ] 

For V not equal to E c , Sy i s changed in the r a t i o 0" v' so 

Sv = 7.8 x 104 JL x_V_ 7 8 x 10* V gausset per (5) 
aH distance 

However, since Sc, and hence V, depends on the total effective flux thi 
the picl-oip colls and not on ths flux density alone, the factor relating 
the cPj:-s-oectional are" of the tane, Am, to the average srea,. A^, which 
was used in the balancing stê e must he included in the expression for S\r: 
Therefore the complete expression for the vortical ?cele factor is 

Sy - 708 x 104 \ 

W 
gausses 1•'r uni 5 dis b 

In the operation of t h i s ?(iuli)pn: cc r t - i r . ' . imitations '*nre noted 
'•hich rrrght he removed by a change in design. The -ort ot,"ecti enable defect 
i s the tendency for th" CRO t race to d r i f t ur> and down on the face of the 
tube . When tar.e3 r e o u i - i n r a low v e r t i c a l gain settln,™ arf being tes ted , 
th i? d r i f t i n g 1° slow and of fxal1 ma/Tiitudo, but with hU,;- v e r t i c a l fain 
settln/';': i t i s ranid and of considerable ampl i tude . This ^unolnfr i s caused 
by f luc tua t ions in the i v m l y vol tage which produce ?r-.ur'ous s i s a l s a t the 
o l" te of the f i r s t tube . These s igna l s "re n^.ssed on to ^.ucceedir 
by t,h» hlgh-t lme-conetant coupling networks. A reg.il = ted a~c nun-'ly and 
ex t re -e ly st-<ble d-c eunr>ly woulc be reouirod to eliminate t h i s d r i f t i n g 

The oresen;e of harmonics in the 60-cjrcle magnetizing current a l so 
i s objec t ionable . These harstonlca chanre the shape of the 3-H curve and 
r e s u l t In en incorrec t B-3 cu>-7c -.lensurenen;. 
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For t e s t a on ta res with snr.ll cross-sect ion ' i l a r«ap , an nddlti'"\'.' 1 
ca l ibr? t in t ; c o i l corresnont.ln<c to a smaller area than t ! ,e one described 
would provide nore accurate balance pdjustmrnta. 

The use of a higher- ,re^u^ncy magnetizing current would be very 
des i rab le ' in ninny r e n i e c t s . In n r r t i e u l a r it, would r^r-mit sisralor 
amplif ier design, requi re leao ampl i f ica t ion , and rodxice the lendency 
for the pnt te rn on the osci l loscope screen to d r i f t The dOO "vcle power 
ava i l ab le in the laboratory was ruled out, however, becfmrc of i t s high 
harmonic con ten t . 

/ 
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TAB] 1 I 'MBOI I 'IWITIOrS 

SYMBOL 03 ISM! 

MHF ' 

oersted 

gauss 

H 

8 

Hc - coorclre forco 

B H - residual flux density 

B-H curves 

JO - permeabil i ty 

M^ - initia.". -oermeabillty 

•Ufa - Haximun -oermeabllity 

DgHNITlOK 

Magnotonotive fo rce . 

Unit of .nngnetic f i e l d in' enei ty or magnetizing t 

Unit of magnetic f lux dwr.i . 

Magnetic f i e l d i n t e n s i t y . 

Magnetic flux density™ 

The magnitude of the luignt t l -jlng force a t wl\ich the 
f lux dens i ty i s zero when a magnetic mater ia l i s 
being: symmetrically c y c l i c a l l y nrgne t tzed . 

The value of flux dens i ty for tht> condit ion of zero 
magnetizing force whan the material i s being symmet
r i c a l l y cyc l i ca l ly mrgnetized. 

A p l o t of the flu;: densi ty ir. a magnetic mater ia l 
ac c function of magnetizing fo rce . 

Ratio of flux densi ty to iragr.etizing force 

R-itio of flux densit- to magp."tizing force for very 
on-11 values of magnetizing fo rce . 

B 
Maximum -,-rlue of jj that occurs as the f lux densi ty 
in a a a , n p t i c n a t e r l a l i s increased from zero to 
s a t u r a t i o n . 

Saturation 

Saturation f lux densi ty 

71 ux linkages 

Condition that, ex i s t s when flux dens i ty has been 
increased to the point where the permeaDlll ' 
ecual to unityo 

Flux dens i ty a t which the -lermeabili-oy drops to us 

Prod-jot of to t^ i f lux passing through a co i l tlmei 
number of turns in the coil*. 

APPROVED FOR PUBLIC RELEASE. CASE 06-1104.



R e p o r t R-124 

DBSCRIPTI KAffiTSTIC MATERIALS 

M a t e r i a l 

Mo-l '^rmPlly 

Comooal t ion 

?e, 1 6 . 4 * 
Ni , 79 0* 
Mo, 4 . 0 ^ 
Mn, 0 . 6 * 

I ' roppr t lRC 

jH. , 82,000 
jp, 72,000 
B H , 5 ,000 ftauBsea 
H,., 0 . 0 5 o e r s t e d 
p , 55>tohm/cm 
Saturation .'lux 
density, 850C gausses 
H; Bt?Tesi8 loss at 
ssturation 200 erga/cc 

Source 

Al]f fheny Ltj 
S t e e l Co 
Brackenr id / : e 
Mr,Wil l iam S 
E l e c t r i c a l -

Vanadium 
P«rner idur 

Fe , 49-0*; 
Co, 4 9 . 0 * 
V , 2 . 0 £ 

800 
*500 
1^,000 ^ u ? 8 e a 

H c , 2 . 0 o e r s t e d s 
/ ° . r S u c ° h n / c n 
S r t u r - i t i o n f l u x 
d e n s i t y , 24,000 g u s s e t 
H y s t e r e s i s l o s s a t 
s a t u r a t i o n , 6000 e r g s / c c 

i" 
in' 

B p . 

( Same aa f o r 
Mo-Permalloy) 

H l p e r s i l ' F e , 9 6 - 9 7 3 
S i , 3-^J* 

Bp, l . " ,400 gauesca 
H- , 2 o e r s t e d s (annrojc) 
f , £fl /t ohm/cm 
S a t u r a t i o n f l u x 
d e n s i t y , 20,000 g a u s s e s 
H y a t e r e s i a l o s e a t 
s a t u r a t i o n , 5000 e r g s / c c 

(Hone of this 
naterial was 
purchased) 

V i c a l l o y Va, 6 -10* 
Co, 3 6 - 6 2 * 
F e , 3 0 - 5 2 * 

200-400 oe r s todB 
5000-9600 gauesee 

Western E l e c 
198 Broadway,K T C. 
Mr. 0„ Cimenl 
C o o r d i n a t o r of 
C o l l e g e R e l a t i o n s 

Brush nl ,-
Ta^e 

ted Co, 80*) 
N i , 20*) 

Brush Pape r 
Tape 

Tils t i n g ?,00 o T s t o d s 
;000-10 ,000 f;ausse£ 

Povdered i m g n e t i t e H l r )0 -20^ o<»r?ted3 
COP t i n g , - l a r t i c l e 
c l iamoters l e e 3 
than 1 micron 

B H , 400-70 i g a u g e s 

Brush Dev-lo-ir 
3406 P<-rk-ins / 
C l e v e l a n d - :;! 

(same aa for 
P l a t e d t o p e ) 
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Materic ' 

Hyfluz tsp« 

Composition 

Metall ic nowder 
coat ing, cornnoa-
l t i o n unknown, 
p a r t i c l e d i a 
meters leas than 
1 micron. 

P roper t i e s 

Hc» 300-btO oersteds 
3 R , 500-1500 gausses 

' TJL-

Mr. John ' 
Thci Inc.l- na 
Products ' 
• S8 Park sq 
Boaton. Mass 

MMM Tape Powder coating, 
composition 
unknown» 

Hc, 350 oersteds 
BJJ, 750 gausses 

Mr. HeKnlght 
Minnesota Mining 

Mffc, Coc 
51 Sle«-r>er Street 
Boston™ Mass 

Hanufacturing iroces9 produces orientation of crystals oo 
tapt there is a ̂ referred direction of magnetization in 
the material. Therefore the naterlal must "be unod so that 
the flux path 19 in this preferred direction. 
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Project Whirlwind 
Servouiechanlsmo Laboratory 

Massachusetts I n s t i t u t e of Technology 
Cambridge, Massachusetts 

SUBJECT. fSO^OSMB PROGRAM WH IHVSSTIGAT10M 0.)' MAGMiHC RECORDING 

Toi Jay Wo Fo r r e s t e r , Re H. Kverett0 H, ffahnestock, and. H . H Boyd 

From; £ , 5. Rich 

Sate : September 26, 1947 

The following program i s proposed for experimental i nvas t i ga t i on of 
magnetic recording for app l ica t ion to the whirlwind Computers 

a , Recording Equipment• The recording e^uipmsnt should cons i s t of 
apparatus for dr iv ing a continuous-loop of the recording medium a t l i n e a r speed3 
up to about 10 f t / s e c t A system of pul leys mounted on a panol would he adequate 
for t h i s purpose• A constant speed motor could be used., and the var ious speeds 
could be obtained by changing the awount of speed reduct ion between the motor and 
the drive p u l l e y . The pul leys would be made to accommodate e i t h e r wire or f l a t 
tape up to 1/4" in width- The i n i t i a l experiments would be made ou a povder -coa te i 
tape since euch tape i s easy to handle and read i ly ava i l so le at low cos t , and sines 
bead designs and recording methods that are s a t i s f ac to ry for coated tape would be 
sui table for any other tape mater ia l . The heads would be deaigr.ed so tha t narrow 
ch&nnelo may be recorded t and provision would be made fa r mounting a maximum of 
three of each type of head on the panel in such a way that the spfciag between 
channels may be adjus ted , 

b» Recording-Signal Generator. The recording-s ignal generator should 
be capable of producing e i t h e r a se r ies of pulses of H i e p o l a r i t y or a ea r i e s of 
pulses of a l t e r n a t i n g p o l a r i t y , I t should be possible to vary the pu l se length and 
the spacing between pulses Independently. The va r i a t i on in pulse length should he 
approximately from h>§ to 50|AS, and the va r ia t ion in r e p e t i t i o n frequency should b ; 
from about 500 pps to 200,000 pps , 

Co Play Pack Equipment- For reproducing the rocordad tilgoals,. a hlgh-gaxn 
video amplif ier for each recording channel wi l l be necessary. These should have a 
band width of r.pproxlmately one megacycle. An osci l loscope or a synchroscope would 
be used to observe the reproduced pu l ses . 
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do Erasing Signal. Erasing wi l l be accomplished by a high frequency 
signal probably in the range from 10 kc to 60 kc A varlable-iTrequency osc i l lator 
and power amplifiers wi l l be required to drive the erasing heads, 

a° Design and Testing of Heads. In general, the design of the heads 
would be similar to the ring-typo heads used in commercial sound recordtng equip
ment* However an effort should be made to keep them as small as possible and to 
design the wlndinge for sat isfactory operation with short pulses- Thin oores 
must be used to produce narrow recording channels* 

To obtain rel iable information from the recording system I t wi l l bo 
necessary to determine the characterist ics of the heads. The recording head ahould 
produce changes in flux at the recording gap which wi l l correspond to the pulses 
to be recorded* The waveform of this recording flux could be observed by piecing 
a small pickup co i l around the recording gap and observing the waveform of the 
voltage produced after i t has been suitably amplified end integrated. 

The playback head must sa t i s fac tor i ly respond to the most rapid 
change of flux across the pickup gap that wi l l occur. To determine the performance 
of the playback head i t s frequency reaponue could be measured by applying a 
sinusoidal signal of constant amplitude to a small co i l round over the pickup gap 
and measuring the output of the head as a function of frequency*, 

The erasing head can best be tested by observing i t s performance 
in a complete recording aystem It would be desirable to raeaeuro the f i e l d strength 
and distribution about the working gaps of both the erasing head and the recording 
head but no means for doing this 19 evident.. 

bo Pulse Recording. la a discussion with Mr Uverett- i t was agreed 
that the following questions have to be answered before further decisions on the 
use of magnetic recording for computers can be n»doc 

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

(2) How c lose ly can channels be spaced with separate erasing 
of each channel? 

(3) How far does the erasing f i e l d extend along a channel, i © -. 
can i t be local ized for the erasing of a single word? 

The number of pulses that can be recorded per unit length of a 
channel I t a function of the recording pulse length and amplitude,, the recording 
gap lengthc and possibly the tape speed, Tho influence of each of these parameters 
should bo investigated to determine the optimum amplitude and length for the 
recording puloos 
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Xhe problem of obtaining sa t i s fac to ry e ras ing of & loca l i sed 
por t ion of a recording medium la probably one of e ras ing head design. I t would 
be expected that a th in core and a short a i r gap would confine tho eras ing f i e l d 
t o a em^ll area a s In the case of the recording head, b\it the effect of a la rger 
leakage f i e l d tha t would be caused by the higher s ignal l eve l required for erasing 
i s unknovn, 

m m g HEAD fOH MSAPHIO AT LOW TAPK SiflKUS 

Since a minimum tape speed of a few inches per second La necessary to 
develop a useable voltage in the playback head, peine means of rep.;' -ng a tape 
independently of speed would be des i r ab le . In p a r t i c u l a r , such B .leans would per
mit reading d i r e c t l y in to a p r i n t e r and also would make i t posa ib la to use recorded 
algnalu for servo pos i t ion ing of the tape . To the knowledge of c'ae. wri ter such 
heads have not been developed but the following design might be p r a c t i c a l . Con
s t r u c t a core of a single lamination In the form of a r ing having a ainglo a i r 
gap a t the point of contact with the t ape . .Pile a por t ion of the core opposite the 
a i r gap so that i t has a smaller cros>s-aectlonal area than the ren t of the core-
Place a winding on each side of the a i r gap and the f i l e d portion,, and apply a 
small s inusoidal s igna l to one winding- Tho second winding la connected in such a 
way that tho output voltage to to used i s tho difference between (-he applied vcl tngi 
and that induced in the second winding- Ths number of turns on the windings are 
adjusted so that t h i s output voltage i s zero when e demagnetized por t ion of tape 
i s over the a i r gap. However, when a magnetized por t ion of tape i s over th lc gap, 
a stead}' f lux i s set up in the core causing a change In the reluctance of the 
magnetic c i r c u i t , p a r t i c u l a r l y of the f i l ed por t ion , and hence a change in the 
voltage induced in the second wincing. The output voltage thea would be differen 
from zero and would ind ica te the preoence of a recorded signal a t tho a i r gap. 

The success of a head design l ike that Just descrl 'jed vculd depend on 
obtaining tho required change of reluctance for the very nual l valung of flux 
produced ty the tape s i g n a l s . The core material of cource, ahoulc show a largo 
change in incremental permeabi l i ty for a smell change in the d i r ec t component of 
MMi1 applJad to i to I t would be possible to add a small d i rec t current to the a-s 
signal applied to the f i r s t winding and thus biao the head to a point on i t s B-H 
curve where the g r e a t e s t chango oi reluctance w i l l occv.r, This not only would 
Increase the s e n s i t i v i t y but also would permit de tec t ion of pos i t i ve as well as 
negative p o l a r i t y s i gna l s . The po la r i t y of the recorded olgnalo would be indie | 
by the r s l a t l v e phase of the input and the output vol t rseo of the head. 

A playback head operating on the p r inc ip le cut lined above probably 
could no1; be used a t high tapo s-jeeds when short pulses, have been recorded, i'or 
such a case , a correspondingly hig}i frequency would be required for exc i t ing the 
playback, head. That i s , a few cycles of the exci t ing s ignal should occur during 
the playback pu l se . Since the incremental permeabi l i ty of a oagnetlc mater ia l 
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deorenseo w i t h increasing f requency , i t probably would bo Impossible to obt 
the r e q u i r e d change In r e l u c t a n c e la the head f o r exciting • : 
frsaoeaojr ox" more than a few thoutand cycles" p e r eeoond. Howrer :.f i t in 
aammed tfa&t the exciting f requency i i 1200 cps and thft 3 cycles occur during 
each playV-aok. pul«ef the o u t p u t pulas length wo-ild be 2.5 B i l l i s e c o n d s . This 
would co r re spond to a r e p e t i t i o n rate of 200 ppa i f the spacing between -oulnes 
Is made o o u . i l to the pulte l u n g t h „ Ih i i type o:" head, then,, would be satisfactory 
for r e a d i n g Into a printer, wh i l e a conventional type head could be used for nigh 
tpeed r e a d i n g into the computer 

? J f? • 0 
Signoc:. C- . X). l>Qi 

S . So :iich 

iSU-.vh 
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Project Whirlwind 
Servomochanleme Laboratory 

Massachusetts I n s t i t u t e of technology 
Cambridge, Massachusetts 

SUBJECT: OUTPUT BEfiflB'rEH - BBUffiiB UNIT ?3R WHIP.LWIKD I 

To: J . W. For res te r 

From: R. R, Everett 

Date: November 13, 1947 

The information In i h l s memorandum bae been prepared hur
r i ed ly and i s fo r discussion Turposes only. 

1. There are three kinds of output data from the computer: 

A. Graphical 

This i s the most e f f i c i e n t way of pros ntir.g l a r^e q u a n t i t i e s 
of data fo r human understanding. The r e su l t s of most s c i e n t i f i c c a l 
cu la t ions w i l l appear in t h i s form. 

B. Physical 

The use of the computer in simulation and control problems 
w i l l requi re converting the numorical outputs of the machine to physical 
q u a n t i t i e s . The graphical ou+.putG mentioned above could be considered 
a form of physical output in vfhlch the motion of the ohysiral mymber 
i s recorded in some fashion. 

C. Numerical 

The bulk of the numerical output cf the machine vill ".e for 
its own use or the use of other enuiv^lent machines at some later time 
This numerical data should therefore be left in the form ut.dere andable 
to the machine, that 1B, in binary notation and on film. Some numerical 
outputs will be recuired, however, which cnn 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 nuubers but arrange them in columns nlong 
"ith such punctuation and alphebetlc notes *s may be necesr.-ry. Re
production can be accomplished photographically directly from tr.e printed 
pase. It is important that no human copying: be reouired. The omount 
of auch data to be printed will vary widely according to th3 problems 
being comput' H would be very small in simulation and control pro
blems and probably in most problems of physical invostigption. In 
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problems requiring the preparation of tablet; such as in logistics and 
census work, the amount of information to be printed may be very large. 

2. It is possible to devise high speed automatic decimal film printers 
which could record v r y large quantities of Information. These printers 
would become very complicated if alphabetic datp were added to the re
quirements. In view of the typo of problems proposed for Whirlwind I 
it does not seem worthwhile to ongas-e in a development pro from for a 
high speed printer at this tine. Instead torn already available auto
matic typewriter or teletype printer will probably bo used. 

This printer will not operate directly from the machine but 
rather from one of the machine's output films. It seems likely at this 
time that the printer will operate from binary coded decimal data on 
the film, the conversion from binr.ry to decimal having been accomplished 
in the arithmetic element of tho computer Itself. It may later be de
sirable to build automatic convurelon equipment for the printer Itself, 
so that the computer can put ou.-, binary data only. Since the printer 
vorks from film and is entirely separate from the computer, its opera
tion rate will not slow up tho caln computer unless the average prirting 
rate required is very high. It is always possible to uee several printers 
if the printing rate becomes too high. The printer should be able to 
understrnd 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 desirablo if the printer could be eouiped 
with some automatic checking procedure which co^ld determine the actual 
character printed and compare 1' with tho data on the film. 

3. The complete instructions ai to 6pacingr and alphabetic notes to 
be printed could be put on the output film by the computer which could 
transfer this Information fro:n ihe input film. Another possibility la 
to provide a separate film re idor or paper trpe repder which would have 
the specific purpose of instructing the printer. Since the printing 
seouence is probably cyclic, this separate tape could probably be short. 
Paper tape might be more satisfactory if it required a eiinoler reader 
than the film and were already available. It would still be necesspry 
:: provide code marks on the film for special instructions. Printlrg 
Instructions could be pi- ced on the computer input film or the printer 
instruction tape Pt the name ti;ae that tho entire problem is Bet up. 

H. R. Everett 

S'ffi/ss 
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