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SPECIALIZED GROUPS

{'ROM the development of wireless for
communication purposes there has arisen
an ever increasing variety of application. In
the more appropriate connotation of radio
engineering there has grown an industry whose
products are required by every nation, by nearly
every other industry, and whose techniques now
reach into almost every form of scientific
activity.

Less than forty years ago, the new art of
radio was regarded by some as a small and
rather specialized form of scientific and
engineering activity. Educationally and other-
wise it was hardly regarded as of sufficient
importance to warrant special encouragement.
Today, in the vast field covered by radio science
and engineering, a number of specialized
techniques have been developed, many of which
call for engineers who have received specialized
training and education, albeit based on the
principles of radio engineering.

Whether these relatively new industrial appli-
cations justify the special appellation *“electronic
engineering” is often debated. In the Institution
the term is not a new one having, in fact.
been described by the first President in 1932.*
Sufficient that the Institution has always pro-
moted development of these specialized activi-
ties and, with the growth of membership
interest, professional activity in one or more
of these specialized branches has resulted in the
formation of Groups within the Institution
catering especially for members with those
particular professional interests.

It is in this way that the Institution will best
be able to cater for those members wishing to
exchange ideas by means of meetings, publica-

* See “A Twentieth Centurv Professional Institution
—The Story of the Brit.I.R.E.”, page 18.

tion of papers in the Journal, etc., but in all
other respects such members will remain within
the framework of the Institution and will join
together in fulfilling the main object of the
Institution as stated in the iralics in the heading
of this page.

The first five of these specialized Groups
have already made their impact on Institution
activity. Let it not be thought, however, that
in this work the Institution is to be divided. It
is impossible for anyone to be the compleat
radio engineer in the sense that all the various
developments of the art may be wholly encom-
passed by any individual. Specialized activities
emanate, however, from the fundamental study
of radio engineering; the techniques which are
developed for application to, say, television,
may readily find application to wider fields,
such as radar and, in different form, to bio-
logical and medical research.

Thus there is still the need for a common
pool of knowledge so that the engineer with
specialized interests is not entirely deprived of
using his fundamental training and experience,
and that specialists may have contact with
each other within the broad field of radio
engineering. It is still the responsibility of the
Institution to provide the means for such
contact.

The success of the first specialized Groups
now permits implementation of the editorial
“Meeting Different Needs”.t A response to the
notice recently sent to all members will enable
the Group Committees to sift replies and
collaborate with the local Section Committees
in providing opportunity for members with
specialized interests, wherever they may be
situated, to meet and discuss their ideas.

G.D.C.

+ J.Brit..R.E., August. 1959.
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INSTITUTION NOTICES

Convention on “Radio Techniques and Space
Research”

The 1961 Convention will be held in Oxford
from Wednesday, 5th July, to Sunday, 9th July,
inclusive. The headquarters of the Convention
will be at Christ Church which, as members
may recall, was the venue of the 1954 Conven-
tion. It is probable that it will be necessary for
additional residential facilities for delegates to
be provided in other Colleges. The technical
meetings will be held in the lecture theatres of
the University.

Details of registration fees, etc., will be pub-
lished in the New Year together with an out-
line programme. The Council has set up a
1961 Convention Committee under the chair-
manship of Mr. leuan Maddock, O.B.E., B.Sc.
(Member). Members are invited to send offers
or suggestions for papers for inclusion in the
programme to the Institution for consideration
by the Convention Committee.

Date of the Annual General Meeting

The Annual General Meeting of the Institu-
tion will be held on Wednesday, 11th January,
1961, at 6 p.m. in the London School of Hygiene
and Tropical Medicine, Keppel Street, Gower
Street, W.C.1. Formal notice of the meeting
and the Agenda will be published in the
November issue of the Journal. Corporate
members wishing to raise points for discussion
are invited to give notice to the General
Secretary not later than 30th November.

In accordance with custom, the Annual
General Meeting of the Institution will be
followed at 6.45 p.m. by the Annual General
Meeting of the Subscribers to the Brit.I.R.E.
Benevolent Fund.

Programme of Institution Meetings

The booklet of Institution meetings to be held
in London and by Local Sections during the
first half of the 1960-61 Session (up to January)
has been sent to all members in the United
Kingdom.

Members are asked to note the following
alterations which have been made since the
booklet was distributed :
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London—Electro- Acoustics Group.

The papers announced for reading on
Wednesday, 23rd November, and on Tues-
day, 13th December, have been interchanged.

North Eastern Section.

The meeting announced for Wednesday,
7th December, will be held a week later, on
Wednesday, 14th December.

The Programme for the second half of the
Session (generally from January to May) will be
circulated to all members in December together
with diary “stickers”.

Facilities for Qverseas Members

For the convenience of members and Journal
subscribers outside Great Britain, the Institu-
tion has set up local banking accounts or made
other special arrangements for the payment of
subscriptions, etc. The following banks accept
payment in local currency.

CANADA AND U.S.A. : Imperial Bank of Canada,
304, Bay Street, Toronto.
Barclays Bank D.C.O., 40,
Simmonds Street, Johannes-
burg.

The Bank of New South
Wales, P.O. Box No. 53,
Auckland.

The Bank of New South
Wales, 341, George Street,
Sydney,

The State Bank of India, 40,
St. Mark’s Road, Bangalore 6.
The National Bank of Paki-
stan, PMA Building, Nicol
Road, Karachi 2.

Barclays Bank (France) Ltd.,
33, Rue du 4-Septembre, Paris.

Other countries where banking arrangements
have been made in order to facilitate payment
in local currency:

SOUTH AFRICA :

NEW ZEALAND :

AUSTRALIA :

INDIA :

PAKISTAN :

FRANCE :

GREECE : Any branch of the Ionian &
Popular Bank of Greece or of
the Commercial Bank of
Greece,

ISRAEL : Any branch of the Anglo-

. Palestine Bank.
In these cases the bank should be requested
to remit the money to the Institution through
their London correspondents.

Journal Brit.I.R.E.



Instrumentation Magnetic Recording {

P. E. AXON, O.B.E., PH.D.}

A paper read at a Symposium on Magnetic Recording Techniques, held in London
on 15th December, 1959.

In the Chair : Dr. G. L. Hamburger (Member).

Summary : The paper surveys the general field of instrumentation magnetic
recording. The individual requirements for analogue and digital recorders are
examined and the influence of these requirements on mechanical design, electronic
equipment and magnetic tape is illustrated.

1. Introduction

Instrumentation magnetic recording is a des-
cription of magnetic recording applications con-
cerned with the acquisition and processing of
data. The data recorded may represent physical
quantities or numbers expressed either as an
analogue or a digital signal.

The copious memory property of the system
is employed to enable both the data, and cali-
brations or instructions connected with it, to be
reproduced for subsequent analysis and calcula-
tion. The magnetic recording system is capable
of recording and reproducing information cover-
ing a wide frequency range at a high rate and
with a convenience which is unequalled by any
other system yet developed.

The recording process is frequently an ana-
logue process based on the ability of the mag-
netic pattern on the tape to form an analogue of
quantities being measured. In an experiment
or process under investigation, measuring
devices or transducers are employed to convert
various physical magnitudes or changes to elec-
trical voltages which can be amplified and
applied to the recording head. In the reproduc-
ing process, the reproducing head provides a

1 Manuscript received 16th August 1960. (Paper
No. 583.)
1 Ampex Electronics Ltd., Reading Industrial

Estate, Whitley Kiln, Reading, Berkshire.
U.D.C. No. 621.395.625.3
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signal which can be made representative of the
signals recorded. In other applications, such as
the memory units of digital computers, the in-
formation recorded may be in digital or coded
form, and special arrangements may be incor-
porated into the mechanical system of the
recording machine to enable it to record or re-
produce information in a discontinuous manner,
in accordance with the demands of the data
processing system. A memory tape may consist
wholly of a programme of instructions intended
to "control the operation of a computer, a
machine tool, or an industrial process.

In the fields of both data acquisition and data
processing, the errors introduced by the record-
ing and reproducing processes must at least be
known so that, if necessary, they can be allowed
for. Preferably, however, they should be small
in comparison with the inaccuracies inherent in
the information supplied to the recording
system. This requirement has led to highly-
developed pieces of recording equipment which
incorporate all the techniques of telecommuni-
cations and servo-engineering to reduce the
contribution of the recording system to ampli-
tude errors, timing errors and noise signals.

In a survey of the field it is convenient to
deal with requirements and possibilities under
the two general headings of “Analogue Record-
ing” and “Digital Recording.” There is an
increasing tendency nowadays for analogue
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recording to be largely associated with data
acquisition, and for digital recording to be
associated with data processing, but the related
classifications are by no means rigid, so that
much data acquisition is in digital and much
data processing is in analogue form.

2. Frequency Response and Signal/Noise Ratio

The first requirement of the recording system
is that it should be capable of recording the
frequency and amplitude ranges of the signals
being fea to it with acceptable signal-to-noise
ratio. Figure 1 shows the direct-recording fre-
quency response which production high-grade
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Fig. 1. Direct recording frequency response at various
tape speeds.

recording equipment can provide at various
speeds using the longitudinal recording method
and suitable high-frequency bias. Extended fre-
quency responses are, of course, obtainable at
any of these tape speeds, and at higher tape
speeds, but we are concerned here with a stan-
dard which may be obtained, on a regular and
dependable basis, by a user who is prepared to
devote a normal amount of time to the main-
tenance and operation of his recording equip-
ment, but not to find it an uncertain or unduly
time-consuming link in his apparatus chain.

The signal/noise ratio obtainable depends, of
course, on the bandwidth which is employed at
any particular tape speed. At 60 inches per
second, for example, using a normal recording
level, the signal-to-noise ratio over a bandwidth
of 100c/s to 100 kc/s is 34db. If the band-
width is reduced to cover from, say, 300 c¢/s to
60 kc/s, the signal-to-noise ratio rises to 42 db.
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3. Speed Constancy

A second important requirement of the
recording system is that the arrangement of the
signals in time which it has recorded and repro-
duced shall be preserved to the accuracy
required. This means that (a) transient tape
speed variations (wow and flutter) must be
known and acceptable, and (b) that the mean,
absolute tape speed must be reproducible with
known and acceptable limits in both the record-
ing and reproducing processes.

Wow and flutter can arise from inaccuracies
in the rotating elements of the system. In high-
grade instrumentation equipment, therefore,
manufacturing tolerances must be held to a
minimum, so that regular wow or flutter
patterns are, for practical purposes, small. How-
ever, this counsel of perfection has its practical
limitations, and transient effects will always
arise from the tape spooling system, the tape,
the motors, and other sources over which the
machine manufacturer may have less precise
control. In order to reduce these effects to a
minimum, various forms of mechanical filtering
must be introduced, and, in extreme cases, suffi-
ciently quick acting servo-mechanisms must be
provided to correct tape speed over the heads.

T T 11T
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Fig. 2. Maximum cumulative flutter at various tape
speeds. Recorded and played back at speeds indicated.

Speed transients, or wow and flutter, appear
in a variety of fundamental frequencies, depend-
ing on their origin and the design of the equip-
ment. The magnitudes which can be specified
for any equipment, depend on the wow or flutter
frequency range over which a measurement is
made. Figure 2 illustrates conservative stan-
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dards which can be obtained on a controlled
production equipment. The curves apply to
one-inch and half-inch tape transports, and they
illustrate maximum cumulative flutter.

As higher flutter frequencies are taken into
account, the maximum cumulative flutter rises
with a slope depending on the nominal tape
speed. For any given design of multi-speed
machine, the cumulative flutter is lower at the
higher tape speeds. This is because the filtering
action provided by the inertia of the principal
moving elements, such as flywheels, reels of
tape, motor rotors, etc., is increased with the
increasing frequency of rotation associated with
higher tape speeds.

Variation in the mean tape speed is another
factor of great interest in high-accuracy investi-
gations. The order of error pertaining to an
average equipment giving wow and flutter as
shown in Fig. 2 is +0°25 per cent. at 60 in./sec.
This represents a timing accuracy of +150
milliseconds per minute in information recorded
on such a machine. If higher mean-speed
accuracy is required, it is usual to introduce a
servo tape-speed control. In such a system, a
frequency standard signal is recorded simulta-
neously with the recording of the rest of the
information. Any transient or mean-speed
errors which occur in the recording process will
then appear as frequency changes in the stan-
dard signal when it is reproduced with the other
information recorded. At the same time, fre-
quency changes in the standard reproduced
signal due to imperfections in the reproducing
process will be superimposed on those registered
in the recording process. The resultant fre-
quency variations, which are directly indicative
of the overall speed variation in both recording
and reproducing processes, form the basis of an
error signal which may be used to energize the
servo speed-control system. The absolute
accuracy obtainable in such a system cannot,
of course, be greater than the stability of the
frequency standard itself. Normal accuracy
time standards are available commercially hav-
ing an accuracy of two parts in 10* in 24 hours
or four parts in 10* in one week. Where higher
accuracies are required, standards may be
obtained having an accuracy of two parts in 10°
in 24 hours, or four parts in 10° in one week. A
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suitable servo system used in conjunction with
these frequency standards enables the instanta-
neous time displacement errors due to random
disturbances to be reduced to the order of
+0-25 msec at 60 in./sec rising to +1 msec at
1% in./sec. Figures of the same order specify
the mean speed error.

4. The Heads

For reasons pertaining to efficient manufac-
ture and to ease of interchange of tapes between
machines, it is desirable that certain physical
dimensions and parameters of multi-track heads
should be standardized. Such factors are the
number of tracks which are to be provided for
various standard widths of tape, the width of
these tracks and the separation between them.
The key dimensions adopted are, of course, a
compromise based on the influence of various
conflicting requirements, and the performance
which it is possible to obtain by careful design
and manufacture of the head. Two important
factors are signal/noise ratio in the recording,
and the utilization of the information storage
capacity of the tape to a maximum. Good
signal/noise ratio demands a certain minimum
width of track, with each track being separated
from its neighbour by a distance which reduces
crosstalk to an acceptable degree. In analogue
recording, a standard of seven tracks on }in.
tape, or 14 tracks on 1in. tape, is commonly
employed with a track width of 0-050 in., and
a spacing of 0-070 in. between the centres of
tracks. These dimensions provide the order of
signal /noise  ratio  discussed  previously.
Narrower tracks and closer spacings maybe,
and have been, employed, but reduction of
signal /noise ratios are to be expected.

In digital recording, where some aspects of
signal/noise ratio are less important (but other
aspects, as will be shown, are more important)
8 or 16 tracks are commonly employed, these
numbers being, of course, determined by the
requirements of the coding system employed in
the computer design.

Since multi-track recording is usually adopted
for the purpose of recording many pieces of
information simultaneously, it generally follows
that the relative timing accuracy between tracks
must be high. The head manufacturer must,
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therefore, pay much attention to the scatter of
gaps within the stack, i.e. to the relative longi-
tudinal displacement of the various gaps along
the direction of motion of the tape. Errors of
this kind introduce phase errors between the
signals recorded on the various tracks. Having
regard to the nature of the two processes, it is
usual to define scatter with reference to the trail-
ing edge of the recording-head gap and the
centre line of the reproducing-head gap. In
either case, it is possible by careful manufacture
to reduce recording-or-reproducing-gap scatter
in a 7 or l4-track head to within a band of
0-0001 in.

A further factor of great importance in the
meanufacture of multi-stack heads is the
accuracy of alignment between gaps in the stack.
As is well known, if the maximum performance,
especially at short wavelengths, is to be obtained
from the recording system, the recording and
reproducing-head gaps must be identically
aligned with respect to the tape motion. In a
fixed or potted head stack, such as is now
generally employed, only one position of align-
ment between recording and reproducing head
stacks is possible. It follows that this must,
ideally, be the correct alignment for all tracks.
For analogue recording it is possible to manu-
facture production heads with gap alignment
within +1 minute of perpendicular for all
gaps in the head stack relative to, say, the base-
plate, the same figure applying to all heads. In
such circumstances, no provision need be made
for head alignment.

5. The Tape

A principal element in the system, which
determines both possibilities and limitations, is
the tape itself. With the head, it forms a funda-
mental combination on which depends signal/
noise ratio and frequency response. Although
some years ago the tape itself was a governing
feature of high-frequency (or short-wavelength)
response, it is probably true to say that nowa-
days the advances in magnetic tape manufac-
ture are such that the tape is capable of record-
ing shorter wavelengths than can be satisfac-
torily recorded by the recording head or
resolved by the reproducing head.
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All modern tapes are composed of a non-
magnetic flexible backing and a magnetic coat-
ing, consisting of magnetic particles and a
binding agent. In the coating, the particle size,
the coating thickness, and its composition have
an important bearing. The coating should be a
highly-uniform mix of uniform thickness, and
it should be free from either major magnetic or
non-magnetic discontinuities. Large particles,
either magnetic or non-magnetic, which project
from the surface must be avoided at all costs,
for their presence provides a major noise con-
tribution, commonly referred to as “drop-outs.”
The projections cause separation of the tape
from the head in both the recording and repro-
ducing processes, and severe amplitude fluctua-
tions result. ““Drop-outs” become especially
important as the track width is reduced (as in
multi-track recording) and when very short
wavelengths are being recorded and reproduced.

The ability of the coating to withstand fre-
quent recording and reproduction without
damage is also essential, for both in modern
analogue and digital recording a set of signals,
or a programme, recorded on any piece of tape
may have to be reproduced some hundreds of
times with a high expectation of reliability.

These conditions also impose severe require-
ments on the backing, which must be mechani-
cally stable over a long period of time, often in
adverse environments, and which must with-
stand severe forces imposed by driving and
guiding at high speed.

The dimensional tolerances of the tape must
also be closely controlled to adhere to the stan-
dards laid down for machines and heads.
Correct guiding of the tape is especially impor-
tant when short wavelengths are being recorded
and reproduced, in order that the angle of the
tape with respect to the heads does not vary
and create losses due to misalignment. Clearly,
the high accuracy of head manufacture will be
wasted if the correct alignment, or guiding, of
the tape itself over the heads cannot be main-
tained. High accuracy guiding must assume that
the tape width is controlled within close limits,
and that it is free from any of the undesirable
effects, such as curling or rippling, which arise
from a poor slitting technique.

Journal Brit.I.R.E.
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6. Analogue Recording

6.1. Types of Recording
6.1.1. Frequency modulation recording

The nature of the conventional reproducing
process, which involves the generation of a
voltage in the reproducing head dependent on
the rate of change of flux around the core,
presents a fundamental difficulty in dealing with
the lowest recorded frequencies of from, say,
0-30 ¢/s. The long wavelengths associated with
these frequencies can also lead to difficulties, for
the head becomes an inefficient collector of flux
as the wavelength on the tape becomes com-
parable with its overall dimensions. The first
of these difficulties, but not the second, may be
overcome by the use of a flux-sensitive head, but
these have found no widespread application in
analogue recording work, since they require the
introduction of extra electronic units, they are
complicated to manufacture and, as noted, they
solve only part of the problem. All of the
reproducing difficulties can be resolved by the
use of a modulated-carrier system, which
enables all the information to be recorded in
frequency and wavelength ranges in which the
reproducing head is efficient. When, as is com-
mon, frequency modulation is employed, the
noise-limiting properties inherent in the fre-
quency-modulation detection system may be
utilized to improve the signal-to-noise ratio of
the wanted information. The direct recording
frequency response, as shown in Fig. 1, is there-
fore utilized to accommodate the carrier, and
sufficient of the sideband information which
results from its modulation. The fraction of
this available recording bandwidth which is
taken up by the carrier and its sidebands
depends on the bandwidth of the modulating
information and the deviation employed. Figure
3 illustrates the information which can be satis-
factorily recorded when a wide deviation giving
a high signal/ noise ratio is employed. If a low-
frequency, low-bandwidth modulating signal is
to be recorded, lower deviations and lower tape
speeds may be used. If desired, a frequency-
modulation multiplex system may also be intro-
duced which allows the wide direct-record
bandwidth to be utilized for the recording of
several, suitably displaced, carriers and their
sidebands. The carriers and their deviations
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must, of course, be chosen so that no over-
lapping of sidebands occurs.

A frequency-modulation system must also be
employed when high-accuracy recording of the
input-signal amplitude is required. In such a
system, the registration of amplitude is
dependent on frequency deviation only, and is
removed from the direct influence of the
frequency/amplitude characteristics of the
heads, tape and the associated electronics. In
arrangements such as that illustrated by Fig. 3,
the signal/noise ratios obtainable in the modu-
lating frequency ranges shown are about 48 db
at 30 and 60 in./sec tape speed, falling to 40 db
at 1} and 3% in./sec.

(a) (d)
|
\ |
|
I

N

33 75 ke/s 4 9 ke/s

|
| 60in/sec

N

I 22

Fig: 3. Carrier and modulation bandwidths at various
tape speeds.

(a) Frequency response d.c. to 10 kc/s (20 ke/s with
reduced quality).

(b) d.c. to 5 ke/s. (c) d.c. to 2-5 ke/s.
(d) d.c. to 1-2 ke/s. (e) d.c. to 600 c/s.
(f) d.c. to 300 c/s.

Absolute timing accuracy in the signals
recorded dictates the same requirements for
speed control as were described earlier. It must
now be remembered, however, that wow and
flutter manifest themselves also as a frequency
modulation of the carrier, and this results in
unwanted noise components. Wow and flutter
compensation, in addition to increasing timing
accuracy, therefore, improve signal-to-noise
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ratio, and up to 10db improvement may be
obtained by the introduction of a servo speed-
control equipment.

6.1.2. P.d.m. recording

An instrumentation recording system is fre-
quently required to record the output of many
different sources of information simultaneously.
It is for this reason that the multi-track system
is commonly employed. Mention has already
been made of the use of a multiplex frequency-
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Fig. 4. Schematic diagram of p.d.m. recording
system.

modulation system where the tape speed, and
the bandwidths of the various pieces of informa-
tion to be recorded, allow this to be done.
Another system of multiplexing is sometimes
employed, known variously as pulse-duration
modulation (p.d.m.) or pulse-width modula-
tion (p.w.m.). A schematic diagram illustrat-
ing the system is shown in Fig. 4. The principle
of the system rests on the fact that the frequency
and amplitude of any sine-wave can be
accurately expressed from information obtained
by sampling or measuring its amplitude at
regular intervals. If the information obtained
is to be meaningful, an adequate number of
samples must be taken in the course of one
cycle. Therefore, the more complex the wave-
form, or the greater the accuracy with which
the variations in it must be expressed, the
greater must be the sampling rate applied. Here
again, then, the circumstances under which the
p.d.m. method may be applied depends on the
recording-frequency bandwidth available and
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the frequency content of the information signals
being recorded. The lower the frequency con-
tent of the signals, and the higher the recording
bandwidth, the greater is the number of multi-
plex channels which it is possible to record on
one track.

In practice, each of the signal sources to be
recorded is fed to one pole in a multi-pole
rotary switch. A mechanical switch is frequently
employed, but more sophisticated applications
may include an electronic switching system. As
the switch rotates, amplitude samples of each of
the incoming signals are fed to the recording
system and recorded on tape. One pole of the
switch is usually fed with an identification or
sequence, synchronizing signal for the purpose
of identifying the various channels on reproduc-
tion. On reproduction, the output of the tape is
applied into a similar rotary switch system,
synchronized by means of the sequence signal
already recorded, and the output of the various

multi-channel

instrumentation
magnetic recorder.

Fig. 5. Static type

channels is then fed, through suitable low-pass
filters, to the analytical or other apparatus with
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which the data is to be examined. It is also
usual to include in the original recording a cali-
brating signal of known voltage, which allows
the absolute amplitude from any of the channels
to be known in conditions where tape or head
sensitivities, or any other factors, may be

varying,

6.2. Static Apparatus

Figure 5 illustrates a static or laboratory type
instrument in which the principles and facilities
discussed are embodied. The essential feature
of such an apparatus is flexibility, so that the
same basic design may be used, with suitable
heads and mechanical elements, for recording
and reproducing }in., $in. and 1 in. tapes, at
the standard speeds of 1, 33, 74, 15, 30 and
60in./sec. The information recorded on
various tracks may employ direct recording, fre-
quency-modulation (f.m.) recording, and f.m. or
p.d.m. multiplex recording. The electronic
system is therefore of modular construction
which permits appropriate units to be installed
for operation on the various tracks.

6.3. Airborne or Mobile Equipment

In considering more lightweight equipment,
for mobile and airborne use, all the require-
ments already set out must, of course, be ful-
filled as far as reduced physical size and weight
will permit. Such equipment should, of course,
be completely compatible with the static equip-
ment, so that tapes recorded in the field, or in
the air, may be replayed and analysed at the
base locality. In addition to the reduction in
size and weight, however, the apparatus must
be designed to operate from portable power
sources in a wide range of environmental con-
ditions, the latter including extremes of tem-
perature, severe vibration and mechanical
shocks.

The environmental conditions in which the
apparatus may have to function are largely
dictated by the user. An existing military
specification, for example, calls for operation
between - 54°C and +95°C, and specifies an
ability to withstand 18 impact shocks of 15g,
duration 11 msec +1 msec. Figure 6 shows a
seven-track airborne recorder which is designed
to this end. The transport itself is capable of
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operating between -54°C and +71°C without
cooling air. The upper temperature limit under
these conditions is dictated not so much by the
mechanical system of the transport as by the
yield point of the mylar-base tape which is com-
monly used, and by the junction temperature
of the germanium transistors which are
employed in the motor control circuits.
Although silicon transistors employed in this
latter role could provide higher temperature
capabilities, they cannot at present be used be-

Fig. 6. 7-channel airborne recorder with remote
control and test equipment.

cause of their higher saturation resistance—
0-6 ohms at saturation for silicon transistors as
opposed to 0-05 ohms at saturation for germa-
nium transistors. With the introduction of cool-
ing air, however, the apparatus is capable of
operation up to 95°C. Below -20°C, some
heating of the transport is necessary to ensure
continued free running. In the apparatus shown,
built-in heaters, controlled by thermostats, are
installed at necessary points for this purpose.

This airborne recorder represents a fairly
specialized and advanced design—an easing of
the performance or environmental specifications
could, of course, result in weight reductions. An
interesting feature of this design is the provision
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of electronic units in a separate container which
does not need heating, cooling or shock-mount-
ing to operate within the limits specified. This
enables, in aircraft use, for example, the elec-
tronics to be placed remote from the tape trans-
port in some convenient locality where power,
or forced air sources are not provided.

6.4. Wide-band Requirements

There are undoubtedly a variety of analogue
recording requirements which have so far not
been met, by the magnetic or any other method,
due to limitations of bandwidth in the recording
system. The impetus provided by television
magnetic recording has, however, greatly
extended the horizon and many such require-
ments can now undoubtedly be met. Details of a
wideband. recorder employing the principle of
the rotating magnetic-head system! in common
use for television magnetic recording, have
recently been announced and are to be described
elsewhere in the literature2. The equipment will
record one or two wideband tracks (each allow-
ing input signals up to 4 Mc/s) together with
three auxiliary audio frequency tracks and the
control track necessary to ensure accurate track-
ing of the rotary heads. The system, being fully
transistorized, is applicable to ground or air-
borne recording, and in the latter application
various features are introduced to take account
of the environmental conditions.

7. Digital Recording
7.1. General

Any of the apparatus so far described may
be used for the recording of digital informa-
tion. Largely, although not completely, how-
ever, the field of digital recording is of great
interest in its application to electronic com-
puters. A computer makes great demands upon
the reliability and accuracy of its recording ele-
ments. In addition, however, the requirements
for the tape transport to be capable of fast start,
fast stop and quick reversal of the tape, in
accordance with instructions from the computer,
impose very specialized design features on the
tape transport mechanism, and on the tape
which is to be employed with it.

In general, the requirement is to record trains
of pulses which represent binary-coded numbers
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or instructions. The pulses, which represent a
succession of ones and zeros, may be recorded
on a return-to-zero or non-return-to-zero basis.
In either case, full positive or negative satura-
tion of the tape is employed, since only the
presence or absence of the pulse is significant.
For obvious reasons, therefore, the full signal
strength which the tape can provide is utilized.
Figure 7 illustrates the two possible systems.
In return-to-zero (R.Z.) recording, one state of
saturation (say, positive) represents the binary

0 ' )] ' 0 | 0 1 o
| | 1 | | 1 \
e | 1
| {
RZ DIGITAL B 1 I 0 - |
( | |
R — | I | + H L I
[ ]
! { ‘
v @ | I
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RECORDING —_—t —F—+— L _t,__ —
| !
B e i | '
i 1 i ) {

Fig. 7. Idealized flux variation in RZ and NRZ digital
recording systems.

digit 1, and the opposite saturation state (nega-
tive) represents the digit 0. After each 1, how-
ever, the tape is returned immediately to its
magnetization state. In the figure shown, the
recorded pattern, therefore, represents 01010
1010. In the non-return-to-zero (N.R.Z.)
system, the direction of magnetization is
reversed each time the binary digit 1 is recorded
—it remains unchanged when recording the
digit 0. This latter method is clearly the more
efficient, because it permits twice the number
of digits to be recorded for the same number
of reversals, or pulses, and thus permits higher
pulse-packing density on the magnetic track.

In either case, in order to increase the pulse
packing in the tape as a whole, the digits or
bits making up a given number or character
are recorded simultaneously in parallel across
the tape width, each bit being on a separate
track.

7.2. Accuracy Requirements

Relative timing accuracy is of the greatest
importance in digital recording. Clearly, the
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digits making up the given number or character
must be reproduced in the sequence in which
they were recorded, otherwise errors will occur.
Skew of the tape and gap scatter in the head
must, therefore, be controlled within strict
tolerances. The degree to which these, and
similar factors, may be controlled, determines
finally the pulse-packing density which can be
employed in recording on the tape. If too
great a pulse-packing density is employed, with-
out reference to the limits within which tape
skew and gap scatter are controlled, obvious
sequential errors in the recording and reproduc-
tion of the bits, and hence errors in the charac-
ters, will result.

Another factor which has great influence on
the pulse packing which it is possible to employ
in digital recording is the quality of the tape
surface and the conditions under which the tape
transport is called upon to operate. Impurities
in the tape coating, discontinuities in the tape
surface or dust from the environment can lead
to a separation of the tape from the head sur-
face in both the recording and reproducing
processes. The effect is especially serious in
the reproducing process, where attenuation due
* to separation is expressed by a function® which
indicates that approximately 56 db loss of signal
level is to be expected if the tape is separated
from the head by a distance equal to the wave-
length recorded on the tape. Clearly, when
very short wavelengths, or closely packed pulses,
are recorded, even small separations will have a
disastrous effect on reproduced signal level.
High density pulse packing therefore demands a
tape surface of the highest quality, with opera-
tion of the recording devices, storage and
handling of the tape, under conditions where
dust is firmly excluded.

The consequences of error in the computer
are, however, so important that it is frequently
desirable to take added precautions. In one
method, known as the redundancy technique,
each bit of information fed to the tape recorder
is recorded on two separate tracks, on the
usually valid assumption that a drop-out occurr-
ing on one track is unlikely to be duplicated on
another, Arrangements are incorporated into the
control circuits which indicate the presence of an
error when, due to a drop-out, the same infor-
mation is not reproduced from both tracks. By
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the provision of “read-after-write” facilities, i.e.
immediate monitoring of the information
recorded, an error can be detected immediately
after recording. Subsequent errors, which may
be due to unsatisfactory storage or operation in
unhygienic conditions, are detected in subse-
quent replay. The consequence of error can be
much reduced, or even eliminated, if the
presence of an error is known.

An alternative method for the detection of
errors is the use of a parity check, in which one
recording track on the tape is reserved for the
registration of a pulse derived from all the
pulses being recorded simultaneously on the
other tracks. The polarity of the parity check
pulse is arranged to be such that the sum of all
pulses or bits on reproduction (including the
parity pulse) will be an odd number. An error
is therefore indicated if one or any other odd
number of pulses is not recorded or reproduced.
Parity checking will not detect two, or any even
number of errors, but here again, as in the
redundancy method, the probability of drop-
outs occurring simultaneously on two or more
parallel tracks is very low,

7.3. Mechanical Requirements

In order to exploit the information storage
capacity of the tape to maximum advantage,
and to allow synchronization between computer
operations and the input and output tape stores,
it is essential that the tape transport mechanism
should be capable of starting, stopping and
reversing the tape very quickly. These opera-
tions must be possible with the tape proceeding
in either the forward or backward direction, and
in advanced designs they will be associated with
the fairly high tape speed—of the order of 100-
200 in./sec—which is required to record or
reproduce the high information-rate employed
in a modern computer.

In practice, in either direction the tape must
be brought up to speed over the heads, or
brought from full speed to halt, in a few milli-
seconds. The power required, and control
arrangements necessary, to perform such
motions with full reels of tape would take the
problem beyond practical considerations. It is,
therefore, quite general to achieve the result
required by isolating the main bulk of tape, in
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both feed and take-up spools, from the portion
of tape immediately over the heads by means
of tape-reservoir systems. The purpose of the
reservoir is to act as a secondary “source” or
“sink” of tape which is either drawn upon or
replenished to maintain correct tape tension
over the heads during the longer time required
for the heavy reels to acquire the state of motion
desired. The inertia associated with the tape in
the reservoir is, of course, very small, and this
allows it to be accelerated or decelerated at a
high rate. The computer programme of com-
mands must, obviously, be prepared with
reference to the properties of the tape store.
To assist the situation, the whole tape handler
can itself be directly isolated from the computer
by a “buffer store” which can be designed to
hold information temporarily and feed it out at
a rate suitable to the mechanism. The pro-
gramme of commands given to the tape mecha-
nism from the computer will then depend on the
properties of the tape mechanism and the
amount of “buffer storage” which is available.
Clearly, the more efficient and flexible the tape
mechanism the more attractive it is to the
computer designer, since less “buffer storage”
must be provided.

7.4. The Tape Reservoir

The design and sophistication of the reservoir
system vary greatly with the tape speed and
with the time specified for starting and
stopping. In its simplest form when compara-
tively long (5-10 msec) start or stop times are
permitted, the reservoir may consist of a more
or less complicated jockey-pulley system. The
elements of such a system are shown in dia-
grammatic form in Figure 8, where the fixed
tape guide support holds three low-inertia idlers
and the movable jockey are (beneath the tape
deck) three more, the tape following a zig-zag
path between them. The amount of tape in the
reservoir depends on the position of the mov-
able jockey arm. In a more advanced form,
however, which, for a given tape speed, is adap-
table to much faster start and stop times, the
reservoir may consist of an actual chamber into
which tape is fed and from which it is extracted
as required. A suitable servo system is pro-
vided for controlling the amount of tape within
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the reservoir between maximum and minimum
limits. These limits, and the nature of the
control system associated with them, determine
the programme of instructions which the tape
handler can be called upon to fulfil. No pro-
gramme of instructions must be imposed which,
for example, would reduce the tape in one reser-
voir below the safety limit and correspondingly
cduse an excessive accumulation in the other.
Basically, the problem of controlling the tape
in a reservoir is one of measuring the amount
of tape in it so that a departure from some
mean or optimum amount results in an error
signal. This signal can be used to control the
speed of rotation of the feed or take-up spool

ZIGZAG LOOP
“RESERVOIRS ™
OF TAPE

TAPE IN OPERATING POSITION

Fig. 8. Movable jockey arm reservoir system.

with which the reservoir is associated. The
resulting acceleration or deceleration of the
spool has the effect of altering the amount of
tape in the reservoir to return it to the desired
value,
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Various methods of measuring the amount of
tape in the reservoir have been employed, and
they depend largely on the design and type of
reservoir used. In the system shown in Fig. 8,
the position of the movable jockey arm pro-
vides a convenient measure. In much equipment
in successful operation, the measure is provided
by the position of the arm, or some connected
element, over a series of electrical contacts. In
other equipment, a continuous measure has been
obtained by allowing the arm to control one
plate of a variable capacitance system or an
optical shutter associated with a photo-electric
cell.

In the chamber type of reservoir it is invari-
ably the tape itself which provides the measure
either by virtue of its position in the chamber,
e.g. the size of a loop, or by virtue of its actual
presence affecting some physical quantity such
as the magnitude of an effective capacitance. A
system of the latter type is described in another
paper in this Symposium*. Some suitable mea-
sure of the size or position of the tape loop in
the reservoir is, however, more common, and
one system, which is in wide use, will be
described to illustrate the principles involved in
the design of the reservoir and its associated
scrvo tape-control system.

7.5. Servo Control of a Tape Reservoir

A plan view of the reservoir chamber is
shown in Fig. 9. Tts shape is such that an
approximately elliptical tape loop is formed,
bounded by the walls and the base of the cham-
ber and a plate glass cover which fits over the
top. Air is pumped from the chamber at its
upper and lower ends, and the fit of the tape
within the chamber is such that a pressure
difference can be maintained between the inside
and outside of the loop. This pressure difference
is increased by a slightly positive pressure,
which is created within the loop. The first effect
of this pressure difference is to tension the tape
to form, within the chamber, a loop the size of
which depends on the amount of tape available.
If more tape is extracted from the chamber at
one end of the loop than is fed into it at the
other, the loop is reduced in size. If more tape
is fed in at one end than is extracted at the
other, then the loop is increased in size. Two
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narrow slots in the base of the chamber, in the
positions shown, are connected by tubing to a
pressure-sensitive transducer which is mounted
in a sealed compartment. As the loop in the
chamber expands or contracts so that more or
less of the slot length lies within the loop,
corresponding changes take place in the position
of the moving element of the transducer. This,
in turn, is arranged to generate an electrical
error signal which, by suitable treatment, is

TAPE LOOP EXPANDS DR CONTRACTS
TO SUPPLY OR TAKE UP TAPE

REDUCED-PRESSURE
AREAS

/

7/
SENSING SLOT AIR EXHAUST

PORT

ﬁ

Fig. 9. Reservoir chamber with variable tape loop

made proportional to the rate of change of the
loop size. The error signal is then converted
into a form suitable to drive the d.c. drive motor
connected to the tape reel with which the cham-
ber is associated. The servo-system is, of course,
“backed off” so that the error signal is zero at
the desired mean or optimum position of the
loop. With one such reservoir on either side of
a bi-directional drive system and head unit, we
thus have a tape-tensioning system which is a
null-seeking servo. On either side, the con-
trolling parameter is the position of the tape
loop in the reservoir chamber, and the control
element is the associated reel drive motor.
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8. Conclusions

This paper has surveyed, of necessity, only a
limited field, but the requirements for memory
‘systems of all types for use in science, tech-
nology, business and industry are steadily
increasing. The magnetic recording system is a
memory device with many peculiar advantages.
Much remains to be done to exploit these
advantages to the full in situations where
restricted bandwidth, environmental conditions
or physical size have made it unsuitable. The
fundamental limitations of the system have not
yet been approached, however, so that we may
expect the next few years to bring steady
advances in the capabilities of the tape, the
recording and reproducing devices and in the
mechanical systems associated with them.
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of current interest . . .

A New Transatlantic Telephone Cable
to the U.S.A.

A new Transatlantic telephone cable—the
fourth to be laid since 1956—will come into
operation in 1963, It will be known as TAT 3
and carry 128 telephone circuits between the
United Kingdom and the United States, and
will provide for the increasing telephone traffic
between the two countries.

The landing points for the cable have not yet
been settled. It will run directly between the
United Kingdom and the United States unlike
the two existing transatlantic telephone cables
which both land in Newfoundland. Its total
length will thus be about 3,400 nautical miles.

The cable will be of the lightweight type,
using polythene insulation without external
armouring. This form of cable will find its first
application in the cable between the United
Kingdom and Canada which is to be laid next
year. Overall diameter of the deep sea cable
will be about 1} in. A single cable will be used
to carry speech in both directions and about
180 rigid type repeaters of a new design
developed by the Bell Telephone Laboratories
will be installed at intervals of about twenty
miles along the length of the cable. The band-
width will not be sufficient for live television.

Further B.B.C. Stations for Television and
V.H.F. Sound

The Postmaster-General has approved, in
principle, the second stage of the British Broad-
casting Corporation’s plans for extending and
improving the coverage of the television service
and of the three sound services on v.h.f. by
building additional low-power satellite stations.
The stations in this second group are to bz in the
following areas:

Satellite stations for both Television and V.H.F.

Sound :

Forfar, Angus; Grantown-on-Spey; Lewis; Pit-
lochry/Aberfeldy; Shetland; Skye.

Satellite stations for Television :

Caernarvon; Hastings; Scarborough; Swindon.
Satellite stations for V.H.F. Sound :

East Lincolnshire; Enniskillen*; Pembroke/
Milford Haven*; Sheffield*; South-West Scotland.

* Television transmitters are being provided at these
stations under Stage 1.
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Until sites have been chosen and surveys made,
it is not possible to say what will be the precise
range of each of these stations; some of them
will serve unly the town where they are to be
built, but others will have somewhat wider
coverage.

Most of the stations will use “translators,”
which receive the programmes by direct recep-
tion of an existing station and relay them on
another channel for local viewers and listeners.
The television station at Hastings is to be an
experiment in the use of a very low-power trans-
lator of a new type which has been developed
in the hope that at a later stage such translators
may be found suitable for use in a number of
other towns where reception is at present un-
satisfactory. The translator at Hastings will
receive the programme directly from the Crystal
Palace and relay it on another channel for local
viewers.

Although completion of Stage 2 is scheduled
for March 1964, it is expected that most of the
stations will be completed by the end of 1963,
There are. however, considerable difficulties in
finding suitable sites and channels, particularly
for television stations, and in carrying the pro-
grammes to places remote from the present net-
work. Since all the television stations have to
be fitted into the five channels in the Broad-
casting Band I, which are the only channels so
far made available to the B.B.C., the power of
the stations will have to be limited.

Ultra-sensitive Amplifier for Electro-physiology

A new range of extremely weak high-
frequency electrical signals from muscular
tissues has been detected by means of a recently
perfected ultra-low noise trensistor amplifier,
according to a paper presented at this year’s
international convention of the Institute of
Radio Engineers in New York. The detection
of electrical signals emitted by muscles is of
course not new. Standard equipment however
can detect only fairly powerful signals, and
these occur only at low frequencies, in the range
of a few hundred cycles per second. The new
equipment can detect the much weaker signals
that occur at higher frequencies, up to 50 k¢/s
according to the authors.
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The Assessment of the Reliability of Magnetic Tape
for Data Processing *

by
R. NOBLE, B.sc., PH.D.

A paper read at a Symposium on Magnetic Recording Techniques, held in London

on 15th December 1959.

In the Chair : Dr. G. L. Hamburger (Member).

Summary : A large number of specimens of tape have been tested for drop-outs
over a wide range of operating conditions. All specimens showed the same charac-
teristic behaviour and lead to the conclusion that there is a drop-out distribution
which is inherent in the structure of tape and independent of any foreign particles
or mechanical damage introduced in the manufacturing process or subsequent
handling. The observed distribution permits of simple mathematical expression in
terms of two of the major variables of operation, drop-out discrimination level and
pulse packing density. A simple theory of the origin of the observed behaviour is
given, and a method of tape testing is suggested which appears to be more basic
than the present “go/no-go” type of test. The method permits batch testing for
most purposes and saves valuable time in the selection of suitable tape even if
complete testing if insisted upon. It also gives information which should be useful
in the design of systems to handle tape and in the calculation of the improvement
of reliability resulting from methods of introducing redundancy into the storage

system.

1. Introduction

The improvements in recent years in the
performance and reliability of magnetic tape
have made possible its use as a storage medium
in electronic computing equipment. The small
volume which a given amount of information
occupies when recorded on magnetic tape, and
the speed at which it can be read, offer obvious
advantages.

The disadvantage of tape is that it is not the
perfectly homogeneous medium which is
desirable; the inhomogeneity is inherent in the
structure of the magnetic coating and the nature
of the base material upon which it is spread.
The inhomogeneity persists even in tape made
under the cleanest possible conditions of manu-
facture and will continue to do so in spite of
the improvements which will be made in the
dispersion of oxides and in the production of
uniform base materials. Such precautions

t Manuscript received 2nd December 1959. (Paper
No. 584.)

1t M.S.S. Recording Co. Ltd., Colnbrook, Bucks.

U.D.C. No. 621.395.625.3
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naturally mean that the inhomogeneity will be
less extensive, but this does not mean that its
effects will be less than they are at present,
because by then the demands made upon the
tape will be greater.

In facing this fact and setting aside the myth
of “perfect” tape, the questions which remain
to be answered are, “How uch error will
the tape introduce?” and “How can it be
measured?” It is possible to give more funda-
mental and satisfactory answers to these
questions than to the question, “Is this piece of
tape perfect?” [Economic advantages and
improved performance can be obtained by this
approach.

The answer to the question, “How much error
will be introduced?” is necessarily of a statisti-
cal nature; but since the systems using the
tape incorporate error-correcting procedures, a
statistical answer should be satisfactory. It is
only necessary that the amount of error
correction taking place be reduced to a suitably
low value.
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Consequently, the experimental method
adopted in this investigation was to examine the
performance of a large number of tapes under a
wide range of operating conditions in the hope
of being able to relate the performance to the
operating conditions.

A *“drop-out” is defined in this paper as any
temporary loss of signal greater than a stipu-
lated amount, the loss being measured in
decibels and denoted by D. *‘Drop-out density”
is adopted as a measure of tape performance
and defined arbitrarily as the number of drop-
outs per unit length of tape track; it is obtained
by counting the total number of drop-outs and
dividing by the length of tape and the number
of tracks used. Since a particular fault does not
always give rise 1o a drop-out as defined above,
the drop-out density is not the fault density for
the tape but is presumably related to the fault
density in some way.

55 I

n (D) (ARBITRARY UNITS)
w
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O IN DECIBELS
Fig. 1. Drop-out density against drop-out level

(constant wavelength).

The drop-out density may be expected to be
related to the stipulated signal loss, D, and to
the wavelength of the recorded signal, A and is
denoted by a function of these quantities,
n (D, ). Tt may also be related to certain other
parameters, such as track width, gap length,
recording current and tape speed, but since
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these are quantities less often varied in practice
they were held constant during the investigation.

2. Experimental Investigation

A series of experiments was performed in
which drop-out densities were measured for
D =2,4, 6,8 and 10db and at wavelengths
between 0-0015 in. and 0-015 in. Batches of
tape made under very clean working conditions
and samples obtained from a variety of manu-
facturers were examined in this way. All the
specimens behaved in a similar manner and
typ:ical experimental results are shown in Figs.
t and 2. which show the relation between drop-
out density and drop-out level, D, and between
drop-out density and recorded wavelength, 1.

The results can be made more informative if
both axes of the graphs are made logarithmic
as is done in Figs. 3 and 4. Figure 3 (a) shows

|

( ARBITRARY UNITS)

n(D)
/

051 \

o]
0 1 2 3 4 5 6 7 8
A x 10° IN INCHES

Fig. 2. Drop-out density against wavelength
(constant drop-out level).

drop-out densities plotted against drop-out level
obtained from four lengths of tape taken from
the same production batch and Fig. 3 (b) shows
the average performance of these same lengths.
When drawn in this way, the graphs indicate
that there is a linear relationship between the
logarithms of drop-out density and drop-out
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Fig. 3.(a) Drop-out density against drop-out level
(four tapes from same batch).
(b) Drop-out density against drop-out level
(average of four tapes in (a)).

level. Figure 4 (a) shows the drop-out density
plotted against a quantity, k., the effective
wavelength, defined as (h —/[) where | is the
length of the gap in the head. This procedure
introduces a first-order correction for the effect
of the gap-length and the effective wavelength
was defined in the above way because it yields
the linear relation shown and also permits a
simple physical interpretation of the gap-length
effect.

The results presented in these graphs imply
that the quantities plotted are related by a power
law. The graphs are of particular interest in
that the straight line has not been drawn with
slope corresponding to that of the experimental
points, but with a slope corresponding to a 3-00
power law. This is the case for both the drop-
out density versus drop-out level and drop-out
density versus wavelength graphs. The reason
why this has been done will appear later, but
the implication is that in both cases the
quantities are related by an inverse cube law.
If it is possible to combine both relations in the
single algebraic expression

n(D,1) o
then the constant C, introduced by this pro-

cedure, should be a measure of the basic
“quality”” of the tape.

October 1960

All the samples prepared in clean conditions
and certain samples from tape manufacturers
exhibited the behaviour described above. The
only variations observed from one sample to
another were changes in the value of the
constant C. This gives support to the suggestion
that the value of this constant is a measure of
tape quality. It is important to note that all
samples taken from a particular production
batch were observed to give the same value for
(. the variation only taking place from one
batch to another.

A small number of manufacturers’ samples
exhibited a minor variation on the behaviour
described above: Fig. 4 (b) shows that at low
values of drop-out density the observed results
are greater than those given by the expression
quoted previously, while for high drop-out
densities the results approach asymptotically
those given by the expression: This is exactly
the behaviour which would be expected if a
small number of comparatively large foreign
bodies were introduced into the tape by bad
handling. The faults introduced in this way
would not belong to the inherent fault distribu-
ticn described above, but would be added to it;
the addition of a fixed number of faults to the
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800
6001
400
200+ °\ 200
100 \ 100 \o
8ot \ 8ol AVERAGE OF
60 Y ;60: BATCH
-4
40} \ < a0
n(D) = |+
[*4
201 y :20-
“
\ A
0 ° 20k
81 = 8
6l <) 6:
4 3 € a4
- A Y
:\
2 2
| 1 1 t

! 2 4 é él() | 2 4 6 810
Aeff, D IN DECIBELS
(a) (b)
Fig. 4. (a) Drop-out density against wavelength
(average of batch). B
(b) Drop-out density against drop-out level
(damaged tape).
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distribution will have a greater effect where the
inherent drop-out density is low than where it
is high. It proved possible to reproduce this
behaviour by deliberately damaging samples of
tape and it was assumed that the specimens
originally found to behave in this way had
been faulted either in manufacture or in
subsequent handling.

In applying the results of tests on tape, it will
be important to know what relation any indivi-
dual drop-out density measurement is likely to

car to the average values determined as above.
The distribution of 180 individual measurements
about the mean value is displayed in the form
of a histogram in Fig. 5. The individual drop-
out densities were first expressed as percentages
of the mean value and then divided into groups,
each group covering a 5% range. The numbers
in each group were then plotted against the
percentage deviation from the mean value.
These same results are plotted again in Fig. 6
with one linear scale and one probability scale.
A normal distribution appears on this type of
graph as a straight line. This is an insufficient
number of results to determine the exact form
of the distribution but it would not appear to
be greatly different from a normal form. It is
proposed to carry out further work along these
lines when new test equipment is completed.
The results obtained so far do indicate that the
majority of measurements lie well within an
order of magnitude. The value of the standard

deviation for the measurements in Figs. 5 and 6
is 229,

3. Theoretical Explanation

The emergence of an inverse cube relation
from the experimental results is interesting and
suggests that a simple theoretical explanation
might be possible. The following, though by no
means a complete explanation, does throw
some light on the problem.

It has been observed in previous work that
most drop-outs were caused by small projections
from the surface of the magnetic coating. A
fault of this type lifts an area of the tape away
from the gap and causes a loss of replay signal.
In the case of replay from a sinusoidal recording
this loss with separation is well known and can
be expressed quantitatively by

loss 54-6db per wavelength separation
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The type of signal recorded for computer pur-
poses is not sinusoidal, but neither is it really
a square wave as it is considered ideally to be.
Hence as a first approximation a relation was
postulated of the form

loss = K db per wavelength separation

where the wavelength is taken to be that of the
fundamental of the square wave and K is some
constant (not necessarily 54-6). If the separation
is represented by R, this can be written

R
signal loss = D = K. =

If this is re-written (D.A) = K.R and applied to
a particular fault it shows that the signal loss
x wavelength is proportional to the separation;
but the separation is itself representative of a
linear dimension associated with the fault. Thus
on the present simple view the product, signal
loss < wavelength, is proportional to a quantity
which might be interpreted as, say, the mean
radius of the fault.
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Fig. 5. Histogram of percentage difference from mean
on drop-out results.
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Consideration must be given now to the size
distribution of the faults on the tape. Suppose
the distribution is such that the number of faults
having greater than a certain volume is inversely
proportional to that volume. There is no
immediate reason for choosing this except that
it describes the distribution in terms of a simple
property of the faults, namely their volume and
that it seems reasonable intoitively. It makes
large faults rare and small faults common.
Quantitatively, this can be expressed as

constant
Vv

where n, is the number of faults of volume
greater than V.

n(V) =

Writing this in terms of the quantity pre-
viously interpreted as the mean radius, gives
constant

R3
But a definite value of the product of signal loss
times wavelengths can be associated with each

value of R and the distribution can then be
written

n(D1) =

n(R) =

constant C

O ~ Dw
If A is kept constant and D alone is permitted to
vary it can be seen that the above density
function includes all faults for which the signal
loss is greater than D. In other words this
function is just the drop-out density as defined
previously; dropping the suffix f and allowing
for the gap-length effect by writing %, for 2,
gives

n(D,V) = D' %3,

This is why the lines on the graphs presented
earlier were drawn with the slope of a 3-00
power law.

The analysis presented implies that the faults
take the form of small nodules protruding from
the surface but it does not necessarily imply
that they are spherical. The magnetic coating
of tape consists of a suspension of aggregates
of oxide particles in a binder material. The
coating is produced by a ball-milling process
and it is reasonable that the postulated distribu-
tion with volume could be the result of such a
process.

QOctober 1966

4. Assessment of Tape Reliability

If a standard track width and tape speed can-
be agreed for the purpose of tape testing, then
the value of the constant, C, could be made a
figure of merit in the assessment of tape
reliability. Manufacturers could then divide tape
into a convenient number of grades in each of
which the figure of merit would be between
certain limits. It should not be necessary to
specify a standard track arrangement, since it
does not matter what particular area of the
whole batch of tape is examined, provided a
sufficient area is tested.

The type of equipment required for testing
would be rather like the “kick-sorter” used in -
nuclear research and would count drop-outs of
2, 4, 6, 8 and 10 db magnitude simultaneously.
A system based on this idea is now under
construction.

A grading method of this type should enable
a system designer to choose operating conditions
which, for a selected grade of tape, will ensure
the particular standard of reliability required of
the system.

For appliiations where a certain known level
of error can be permitted, the designer could
specify a grade of tape such that errors due to
the tape bear a suitable relation to those arising
elsewhere. Examples of this type are the
recording of nuclear particle counts or coinci-
dences, which a certain proportion of spurious
background counting has to be allowed for in
any case, automatic blood-counts and, in fact,
any automatic counting in which a statistical
answer is sought.

For data processing systems the operating
conditions and grade of tape could be chosen
so that error correction takes place at some
optimum rate. The considerations governing
this rate will presumably vary from one appli-
cation to another; in the case where large
amounts of accounting data must be stored for
long periods, tape cost may be an important
consideration. On the other hand in a computer
used for scientific purposes, overall reliability
or operating time may be of more importance.
Assuming that the error-correction equipment is
as reliable as the rest of the computer, then
there is no reason why it should not be made
to work at some suitable rate, rather than
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merely stand by to correct the occasional error.
In this way it may be possible to use the highest
feasible pulse packing density on the tape,
consistent with not slowing down the operation
of some other part of the computer.

The information obtained from the proposed
test could also be of use in estimating the effect
of introducing redundancy into the system. As
a simple example, it is possible to estimate the
resultant reliability of a system in which infor-
mation is recorded in duplicate on widely
spaced tracks and the pulse packing density is
doubled to restore the original storage capacity.
More efficient methods can no doubt be devised
for introducing redundancy but their effective-
ness can be estimated in a similar manner.

In cases where, for some reason, fault-free
performance under specified conditions is
insisted upon, then the test proposed is still of
value in sorting out those batches which are
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most likely to give a high yield of tape capable
of passing a test under these conditions.

5. Other Applications

All that has been said so far refers to tape
systems in which the tape is in contact with the
heads. However, in an out-of-contact system,
it seems likely that spurious signals, or in other
words ““drop-ins” will behave in some similar
way. A nodule producing a drop-out in an in-
contact system might produce a drop-in in an
out-of-contact system, though the magnitude of
the effect may be different in the two cases.
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A Magnetic Read Head with Output Signal
Independent of Tape Speed {

by
D. KERR f and E. J. M. QUIRK, B.SC. ¥

A paper read at a Symposium on Magnetic Recording Techniques,
held in London on 15th December 1959.

In the Chair : Dr. G. L. Hamburger (Member).

Summary : The paper describes a variable-reluctance magnetic read head, designed
for use in digital computer output and -editing equipments, which can read digits
recorded at normal packing densities over a wide range of tape speeds down to
zero. Each head is a “double” head, consisting of a variable reluctance read head
and a conventional write head. The centre line separation between the read and
write sections is one digit interval; with the 100 digit per inch system used, this
separation is 0-010 in. The packing density is a function of the separation between
the read and write sections only when the head is used for digit-by-digit checking
of a writing operation. Eight such heads are built as one unit having external
physical dimensions of 1-5in.x 1-1in. x 075 in. and can be accommodated across
standard one-half inch wide magnetic tape. Attention is drawn to the suitability
of the reading head for use in off-line editing equipment where the tape speed can
be reduced to correspond with the speed of operation of mechanical teleprinters or

typewriters, so simplifying the tape transport mechanism and circuitry.

1. Introduction

Magnetic tape is often used as the informa-
tion input and output medium of a digital com-
puter because it has the advantages of a higher
signal packing density and higher information
transfer rate than paper tape or punched cards.
However it suffers from the disadvantage that it
gives no visual indication of the presence or
absence of tecorded signals.

The reading of information recorded on mag-
netic tape is usually effected by moving the tape
past a magnetic reading head so that as much
as possible of the tape leakage flux links with
the winding on the head. The induced voltage
in this winding depends directly on the rate of
change of this flux and hence the amplitude of
the read-out signal is proportional to the tape

+ Manuscript received Ist January 1960. (Paper No.
585.)

+ Ultra Electronics Ltd.. Western Avenue, London,
Ww.3.

U.D.C. No. 621.395.625.3

Journal BritI.R.E., October 1960

speed. When using the head to be described a
relative wvelocity between tape and head is
unnecessary as the flux change in the read wind-
ing is attained by varying the reluctance of the
head itself.

In the preparation of a magnetic tape on a
keyboard printer the most comprehensive check
that can be made of the information being
recorded is a digit-by-digit check wherein a
character is not printed until the previous one
has been correctly recorded. This system implies
the moving of the tape in discrete steps; it is
difficult to visualize how a conventional head
could be conveniently used as the tape would
have to be moving in excess of a certain mini-
mum speed in order to obtain a signal from the
head. The output rate from conventional tape
readers is very high, and this rate is far in excess
of the speed at which a teleprinter or electric
typewriter will operate.

A variable reluctance read /write head of the
type to be discussed makes possible the con-

743



D. KERR and E. J. M. QUIRK

struction of such a magnetic tape printer with
digit-by-digit checking facilities since it is
arranged that the centre line separation between
the read and write sections in each of the eight
tracks is equivalent to one digit interval. Similar
heads form the basis of a system used at Man-
chester University where digital computer out-
put information can be read one digit interval
after having been written, and checked for
correct recording without the need for storing
more than one row of digits at a time.

—I(b)

Fig. 1(a). Strip used for the read section; (b) Strip
used for the write section.

The variable reluctance reading head is use-
ful in association with a teleprinter or electric
typewriter as it allows the tape speed to be
changed to correspond with the speed of opera-
tion of such devices.

2, Principle of Operation

Basically, the read head consists of a thin
strip of Permalloy C with a small hole centrally
disposed between the long sides and bent so as
to form a small gap between its ends; this is the
read gap. (Fig. 1(a).) Around the hole, and in
the manner shown in Fig. 2(a), is wound the
modulation winding through which is passed a
sinusoidal current of frequency . The flux pro-
duced by this current circulates round the hole
and tends to saturate the material when the
current reaches its maximum value. This flux
is balanced with respect to the main path
formed by the bent strip and the read gap.
Hence the information recorded on the tape is
not affected by the modulation flux of the head.

When the head is situated so that a region of
leakage flux on the tape is directly opposite the
read gap some of the flux circulates round the
head and some is shunted across the read gap.
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The reluctance of the head is modulated by
the cyclic saturation of the central section in
the neighbourhood of the hole, and thus leakage
flux circulating round the head will also be
modulated.

The region round the hole is saturated twice
per cycle of modulation current and this results
in a voltage appearing across the read winding
which contains a large second harmonic com-
ponent. When the sense of the leakage flux
circulating round the head circuit is reversed,
the phase of the voltage across the read wind-
ing changes by = radians with respect to the
phase of the modulation current. Hence oppo-
sitely magnetized regions on the tape are mani-
fested by a reversal of phase of the read-out
voltage. The head is therefore sensitive to both
static and alternating magnetic fields in the
vicinity of the gap which have components link-
ing the main magnetic circuit.

READ WINDING

(a) E b -—]

< mopuLarion WINDING

WR

Fig. 2(a). Completely wound read strip, (b) Com-

pletely wound write strip.

3. Construction

3.1. Preparation of the Strip

The magnetic material used for the heads is
Permalloy C, 0-002 in. thick, and the dimensions
of the strips used for the read and write sections
are given in Fig. 1. An etching technique® is
used to shape the strip and form the hole; by
this means the formation of burrs is avoided.

The strips are then heat treated in an atmos-
phere of dry hydrogen in order to obtain the
highest permeability. Brass spacers are used to
define the gaps and are produced by a similar
etching process to that used for the Permalloy
strips.

Journal Brit.I.R.E.
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3.2. Windings

The modulation winding is wound round the
hole in the strip in such a sense as to cause the
flux to circulate round the hole. Close to this
winding, and arranged in two sections for sym-
metry, is the read winding. Figure 2(a) shows
a read head strip with completed windings.

The write winding consisting of 15 turns of
enamelled wire, is wound in the middle of a
plain Permalloy strip as shown in Fig. 2(b).

After winding, both the read and write heads
are bent to the shape shown in Fig. 3, and brass
shims are then inserted to define the read and
write gaps and the space between the two heads.
This operation is facilitated by the use of a
special fixture designed for holding the heads
in position.

INTERHEAD SPACER
4

o READ HEAD SPACER

WRITE HEAD _ READ HEAD
G

Fig. 3. Formation of a read/write head.

Eight such read/write head assemblies are
then built into a stack using an arrangement of
spacers and clamping plates. The track spacing
of a completed block of heads is 0-020 in. and
the track width is 0-040 in. The lead-out wires
from each head assembly are soldered to a pair
of miniature socket connectors accommodated
in the base of a perspex body which is screwed
to the completed block.

Excess magnetic and shim material which
protrudes from the curved surface of the block
is cut away before grinding and lapping to the
required profile.

The alignment of heads across the block is
maintained to within +0-0005 in., and unifor-
mity of read gap reluctance from track to track
is ensured by the method of construction
adopted. A completed unit has the approxi-
mate external physical dimensions 1-5in.x
1'1in. x0-75in. (See Fig. 4.)

October 1960

3.3. Plating of Contact Surface

The properties of various materials were
investigated to discover one which could be
plated onto the head contact surface in order to
reduce wear. Palladium was found to be a suit-
able material, sincz apart from having good
wearing properties itself, it does not abrade the
tape.

On the basis of the work already carried out
on head to tape spacing a plating thickness of
5 microns should not reduce the signal by more
than about 10 per cent.

Fig. 4. The completed eight track read/write head.

4. Mechanism of Reluctance Variation

Assume the material has a hysteresis loop as
shown in Fig. 5. The permeability is high and
constant when the material is unsaturated, and
zero when saturated. Sinusoidal modulating
current drives the material into and out of
saturation as shown, and any leakage flux from
the tape which links the head will alternate be-
tween (a) a very low value when the strip is
saturated, and (b) a comparatively large value
determined by the relative reluctances of the
unsaturated strip and the read gap.

The transition time between these two states
will depend upon the frequency and amplitude
of the modulation current, but if it is assumed
that these transitions are instantaneous then the
voltage induced in the read winding will be a
series of infinitely tall spikes of infinitesimally
small duration. In practice, however, the
assumption of a constant permeability when
unsaturated and zero permeability when
saturated is not valid. It has been shown! that
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Fig. 5. Principle of operation of a variable reluctance
read head.

the relationship between incremental permea-
bility and the applied field is very approximately
of the form of a rectangular hyperbola. Thus
the voltage pulses appearing across the read
winding have finite height and width.

4.1. The Read Gap Reluctance

A simple equivalent circuit for the read head
would be as shown in Fig. 6. The equivalent
m.m.f. causing flux to circulate in the two
reluctance paths is therefore
Fy . r”—

Fl‘
r,+ry
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where F is the total leakage flux from the tape,
r, is the read gap reluctance,
and  ry is the main head circuit reluctance.

Thus the flux circulating through the main
head circuit is given by

rU
F,.
r‘,+r"
and this may be written in the form
1
Fy. ——
| +ry/r,

Inspection of this expression shows that for a
given value of r, the maximum flux change in
the head is achieved when r, varies between a
value which is small compared with r, to a value
which is large compared with r,. Thus the flux
change in the head tends to F,.

Case 1.—If r, is large then r; must also be
made large to achieve the largest flux change,
and this requires a large value of modulation
current. Hence maximum second harmonic
signal will occur at a relatively large value of
modulation current.

Case 2.—If r, is small then r,; does not have
to become as large as in Case 1 and hence the
maximum second harmonic signal output will be
obtained at a lower value of modulation current.

4.2. Dependence of Output Voltage on Modula-
tion Frequency

The second harmonic output voltage from the
head at constant modulation current increases
linearly with increase of the frequency of this
current up to about 50 kc/s. It has been shown?
that above this frequency the second harmonic
component of the output voltage is no longer
lincarly dependent upon the modulation current
frequency, although the signal does continue to
increase as the frequency is raised to 200 kc/s.
There would therefore seem to be no point in
using a modulation frequency in excess of this
value.

:

Fig. 6. Equivalent read head circuit.
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5. Performance

The maximum peak-to-peak amplitude of the
second harmonic component of signal voltage
from the read heads in use is 3 mV at 50 kc/s.
This component of the signal is amplified by
a tuned amplifier of voltage gain 60 db.

Under constant frequency conditions and for
large values of modulation current the flux
change within the strip takes place in a shorter
time interval and the second harmonic com-
ponent of the voltage induced in the read wind-
ing is reduced. This is because a dispropor-
tionate amount of the input energy is spent in
the production of the higher harmonic com-
ponents associated with the shorter rise times.
Thus the curve relating the second harmonic
output voltage and modulation current falls
after reaching a peak (see Fig. 7). The value of
modulation current for peak output depends
upon the head and gap reluctances as previously
discussed (see Fig. 8).

- gl

Fig. 7. Dependence of output signal on current and
frequency.

October 1960

48kc/s

5 100 150
MODULATION CURRENT 1, (mA} —>

Fig. 8. Effect of variation of read gap reluctance
from track to track.

Signal packing densities in use at the moment
are up to 125 digits per inch, but these can be
improved upon and it is envisaged that packing
densities of 200 digits per inch will be possible
with modified designs.

Rates of reading depend on the speed of
response of the tuned amplifiers, but rates of
2,000 characters per second have been obtained?.

A slow-speed tape reader with typewriter or
teleprinter output has been constructed and is
in operation. The reading rate in this applica-
tion is set by the maximum operating speeds of
the teleprinter and typewriter.

During a writing process a large signal is
experienced by the read heads and it is thus
advisable to inhibit the read amplifiers during
this period.

Because of the large remanence of Permalloy
C the balance of the read heads would be upset
on reversal of writing current in the write heads
Consequently a uniformly magnetized tape is
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(c)

Fig. 9. Read head waveforms for a given digit
polarity. (a) modulation current; (b) read head volt-
age: (c) second harmonic component of (b).

used and the write heads are pulsed in one
direction only.

Spurious signals due to extraneous magnetic
fields linking the head are reduced by making
the heads of small physical dimensions, and
compensation for the effect of the large
remanence of the magnetic material is accom-
plished by passing a small d.c. bias current
through the read winding.

6. Conclusion

The effects of cross-talk were negligible and
signal to noise ratio was certainly in excess of
40 db, the noise level due to the reading mecha-
nism being barely detectable.

With the combination read/write head
described recordings can be checked digit-by-
digit with the need for storing only one row of
digits at a time. Hence it is possible to record
under conditions where permanent and tran-
sient drop-outs are present, since a character
can be checked before the next is recorded.
Also for the preparation of a magnetic tape,
such a read/write head used in conjunction with
a printer having similar checking facilities to
the tape output system used at Manchester Uni-
versity could effect economies in computer time
and in tape verification procedures.
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(a)

Fig. 10. Read head waveforms for a digit polarity

opposite to that in Fig. 9. (a) modulation current;

(b) read head voltage: (c) second harmonic component
of (b).

Since the signal output from the read head is
independent of tape speed. tapes printed at high
speed by the computer can be used at very much
reduced speed in off-line editing equipments in
order to operate such devices as teleprinters
and typewriters.

In the field of space research an artificial
satellite might use similar read/write heads in
conjunction with an analogue-digital converter
for storing data on magnetic tape until the
vehicle is in the most favourable position for
transmission of the recorded information
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Magnetic Tape Digital Recording for Nuclear Research }
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J. G. PAGE, B.SC., GRADUATE {.

A paper read at a Svimmposium on Magnetic Recording Techniques,
held in London on 15th December 1959.

In the Chair : Dr. G. L. Hamburger (Member).

Summary : The paper describes two magnetic tape digital recording techniques
developed for nuclear physics research. Both lin. l6-track and §in. 4-track
systems are used with maximum bit packing densities of 200 and 400/in. respec-
tively. The tape writing and reading technique uses a return to zero method chosen
to facilitate “‘drop out™ detection; a "0 is written by a short duration current
pulse of one polarity and a **1”" but a similar pulse of reverse polarity. The absence
of a pulse on any track during reading indicates a “drop out™ and the particular
event is then rejected. This error check permits the use of tape systems with overall
drop out performance as bad as | in 160 bits.

1. Introduction

Recent nuclear physics research on the inter-
actions of neutrons with various atomic nuclei
has necessitated the measurement, recording and
computation of large amounts of numerical
data. In some experiments recording and com-
putation methods of the digital, rather than ana-
logue, type are necessary to preserve the
accuracy inherent in the physics measurement,
so that most instruments developed for this class
of work have used digital principles. The design
of these electronic instruments is complicated,
but it is essential to reduce the complexity until
the instrument is very reliable, reasonably small
and inexpensive, since many such instruments
are required. The problem has been solved by
restricting the functions of the instrument used
during the experiment to those of measurement
and recording; the computation is performed
after the experiment by a digital analyser, the
design of which is far more complicated than

+ Manuscript received 23rd December 1959. (Paper
No. 586.)

$ UK. Atomic Energy Authority, Atomic Energy
Research Establishment, Harwell, Didcot. Berkshire.

U.D.C. No. 621.395.625.3 : 539.1.

Journal Brit.I.R.E., October 1960

that required for measurement and recording.
The recording medium must be able to record
fast enough to accept the data from the physics
experiment and the final record must be com-
patible with the input requirements of the
analyser. In a very few cases, such as experi-
ments with cosmic rays, the rate of data record-
ing is so low that punched cards or paper tape
can be used as the recording medium. However,
in most cases, magnetic tape is more suitable
since it has the required speed and digital
capacity. These considerations have led to the
design of measuring and recording equipments
using both } inch and 1 inch wide magnetic
tapes, together with the computing equipment
for reading and analysing the recorded tapes.

2. Typical Recording and Analysing
Arrangements

Bird and Waters' have used a magnetic tape
system to record the data of an experiment
shown in Fig. 1. This experiment was an
investigation of the high energy y-ray spectra
resulting from resonant neutron capture in
platinum for neutron energies up to 600eV.
Bursts of neutrons having 0-25 microseconds
duration and repeated 400 times per second were
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TARGET,

ELECTRON
LINEAR
ACCELERATOR.

PLATINUM SAMPLE, 7 RAYS,
M
"'i{u‘rio'u‘s"'_" Y SCINTILLATION
~ COUNTER

TIMING WLS(S-?_I_I I 7 ’_] O
TIME OF FLIGHT TO

=" macNETIC
PULSE’ AMPLITUDE TO
BINARY CODE CDNVERTER. O

TAPE RECORDER,
BINARY CODE CONVERTER,

Fig. 1. Typical nuclear physics experiment. (Study
of y-rays from resonant neutron capture in platinum),

obtained from a linear accelerator. These neu-
trons travelled a flight path of 65 metres and
then bombarded a platinum sample. The
resultant y-rays were detected by a scintillation
counter and the pulse amplitude from this
counter gave a measure of y-ray energy. while
the time of flight of the neutron from the linear
accelerator target to the platinum sample gave
a measure of neutron energy. The resultant
binary code characterizing each nuclear reac-
tion was marked on 14 tracks across the width

from the platinum were recorded, the average
rate of recording being about five per second.
The experiment lasted for about 100 hours giv-
ing five reels of recorded tape, each of 7,200 ft.
length. These tapes were then read into the
analyser which counted the total number of
nuclear reactions occurring with each of the
16,065 possible combinations of neutron and
y-ray energy. Figure 2 shows a graphical
presentation of number of events versus neutron
and y-ray energy, and is an illustration of how a
magnetic tape recording and analysing system
can elucidate very complex phenomena.

There are two points of interest in this typical
experiment which control the design of the tape
recording system.

(a) The experimental data occurs at approxi-
mately random time intervals so that
sufficient paralysis time must be included
in the tape recording circuits to avoid
one event being recorded too soon after
the previous event. This time is chosen
to give a minimum bit spacing along the

Fig. 2. v-ray spectra from neutron capture in platinum.

of a l6-track tape [6 digits (63 channels) for
y-ray energy and 8 digits (255 channels) for neu-
tron energy] so that any one out of 16,065 com-
binations of y-ray and neutron energy could be
recorded. Auxiliary gating circuits were used
so that only neutrons causing y-ray emission
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tape of 0-005 in. for the i-in. tape system
and the tape speed must be chosen so
that this paralysis time does not cause
too much loss of information; e.g. in the
experiment previously described the
paralysis time was S milliseconds causing
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an average loss of 2-5 per cent. of the
data. This requirement also has the
result that only a small proportion of the
tape length carries a record.

(b) If a magnetic tape error in recording or
reading occurs, then each such error will
only affect the data of one nuclear event.
Thus a considerable number of such
errors can occur before the final experi-
mental result is significantly affected. The
criteria on how many errors can be
tolerated will be considered in section
4.1.

The wastage of tape due to effect (a) above
can be greatly reduced if a “buffer” store is
introduced in the recorder. Figure 3 shows a

FAST BUFFER STORE,

/ BINARY SCALER,
___..D._

ELECTRONIC  SWITCH.
START,

TIMING [
mLsts?—-{“lJ
| .

RESET,

N
NEUTR Ts BT
INPUT, 2~ SELECTION .
[ 1° MAGNETIC
TAPE 16 TRACK
AMPLITUDE | —~— gt?r‘m_

WRITE 4 READ
CONTROL. pyppgg  CONTROL.
FERRITE STORE
15X 6  MATRIX
(DERANDOMI ZER

DISCRIMINATOR,

Fig. 3. Typical arrangement of | inch magnetic tape
recorder for neutron *“time of flight™ technique.

block diagram of such a recorder arranged for
neutron energy measurement by “time of flight”
methods. The timing gate is opened by the
“start’” pulse and allows timing pulses from a
crystal oscillator to be passed to a binary scaler.
This scaler continues counting until a neutron
pulse arrives from the scintillation counter at
the end of the flight path. The binary scaler
then stops counting and its binary number is
written into the temporary or buffer store,
which uses small square-loop ferrite cores. The
scaler is then allowed to continue counting, after
a suitable correction for lost time, until the next
neutron pulse arrives and so on. The buffer
store information is read out in a Tregular
manner on to the magnetic tape so that the store
is being “filled” with neutron binary informa-
tion at random time intervals and is being
“emptied” at regular time intervals. The rate
of reading out and the capacity of the store
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must be chosen to give a negligible chance of
too many neutron events occurring in a short
time and “overfilling” the store. On the other
hand the store will often be empty when the
tape is ready to receive information, so some of
the tape is still not used. Thus the introduction
of this buffer store increases the recorded frac-
tion of each reel of tape from perhaps 2 per
cent. to 50 per cent. at the expense of increased
complexity.

The analyser accepts the recorded tape and
accumulates the data into a small ferrite matrix
store; Fig. 4 shows the arrangement. The ferrite

CHECK
CIRCUITS,
\

FERRITE COMPUTER STORE
32 X 32 X 16 PLANES

1 INCH
MAGNETIC TAPE
RUNNING AT
100 INCH/SEC,

16 REAQ
AMPLIFIERS &
DISCRIMINATOR T0
CIRCUITS,

REAQ OUT
PUNCHED CARDS
PAPER TAPE
CHART RECORDER,

Fig. 4. Arrangement of 1 inch magnetic tape reading
and analysing system.

store has a capacity of 1,023 addresses (each
containing 10 binary digits) and each address
counts the number of events in a particular
category defined by one of the binary codes.
These numbers are then read out on to a suit-
able medium such as punched cards for transfer
to a digital computer where further computation
may take place. Each event or row of digits
from the tape reel is checked for accuracy and
if an error occurs this event is rejected. The
total number of possible codes is 32,736 on the
1-in. tape system so that the reel of tape has to
pass through the analyser 32 times, each time
selecting a different batch of 1.023 codes, before
all the data is read.

The following sections will now consider the
problems and techniques associated with the
magnetic tape writing and reading processes.

3. Performance needed from Magnetic Tape
Transport

The main requirement is for a tape guiding

system which will position the tape very

accurately, and with minimum skewing as the

tape passes over the writing or reading head (in
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contact recording). The necessary performance
factors may be listed as follows :

(1) The distance between the centre line of
the tape and a fixed point on the head
must be constant to within +0-003 in.;
alternatively if the tape is guided on one
edge then this tolerance refers to the
variation of distance between this edge
and a fixed point on the head.

(2) The “skewing” of a 1-in. tape with 200
bits/in. packing density should not
exceed +0-0005in. This refers to the
recorded bit on one outside track being
advanced or retarded relative to the
corresponding bit on the other outside
track.

(3) The speed range of the recording deck
can be varied from 0-25 to 7-5in./sec
for the 1-in. tape and 137 to 30 in./sec
for the }-in. system. The reading deck of
the analyser runs at a fixed speed of
120 in./sec both forward and reverse.
The guiding requirements of (1) and (2)
must be met under all these speed varia-
tions without any mechanical readjust-
ments.

(4) Long recording times are required so that
large reels of tape are used. The 1-in.
tape system uses 14-in. reels containing
7,200 ft of tape. Smaller reels are used
in the }-in. system since this equipment
must be kept reasonably small.

(5) Speed flutter of the tape is relatively
unimportant and variations of + 10 per
cent. for the recorder and +5 per cent.
on the analyser can be tolerated.

(6) The starting and stopping times of the
deck need not be fast and several seconds
can be allowed for this.

(7) The cost of the recording deck must be
kept to a minimum since many are
required;  thus  any  unnecessary
mechanical refinements should be
deleted. This is of special importance
for the 1l-in. tape system where the cost
of the deck could exceed the cost of the
associated electronic equipment.

These requirements differ considerably from
those of computers especially that of (6) and

752

make it desirable that the deck should be
specifically designed for digital data recording.

4. Recording and Reading Technique for
L-inch Tape System

The method used has been chosen to mini-
mize the errors in the data caused by “drop-
outs.” These “drop-outs” include the effects of
faulty tape. dust on the tape or transport, and
mechanical damage to the tape surface or edges
caused by wear and careless handling.

4.1. Drop-out Error Considerations

It is fundamental to the counting of random
nuclear events tha some losses of data occur
(due to the finite resolving time of the apparatus
used, etc.) and that it is necessary to count a
large enough number of events to achieve the
desired statistical accuracy. Loss of information
due to a drop-out falls into the same category
as resolving time losses, provided all data rele-
vant to the event is lost or rejected; if this is
not the case, an error may be introduced in
addition to a loss. In principle losses due to
drop-outs of, say, 50 per cent., can be tolerated
provided that a negligible number of errors is
introduced and that the user is prepared to
double his counting time. In practice. usually
for economic reasons, an experiment is kept as
short as possible, and losses are required to be
kept down to 10 per cent. or less. If errors are
introduced these must be several times less than
the statistical errors of the experiment. The
store capacity of one of the present 1-in. 16-
track systems provides a statistical accuracy of
+0-25 per cent. and words in error (not
rejected) must therefore be kept down to better
than 1 ir 1,000; i.e. 1 drop-out in 16,000 bits.
Compared with this an earlier 1-in. 16-track
system provides only +3 per cent. statistical
accuracy and errors due to drop-outs of about
1 in 2,000 bits are acceptable.

In all these counting systems the tape may
be handled by relatively unskilled users in dusty
atmospheres; furthermore, normal usage (e.g.
bulk erasure) increases the frequency of drop-
outs. Even the use of high-quality instrumenta-
tion tape, therefore, offers little advantage on a
long term basis as it is unlikely to remain in
its original condition for very long; plastic-
covered tape may offer an improvement, how-
ever. due to its better wearing properties,
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Clearly, writing and reading methods are
needed which make possible the detection and
subsequent rejection of words containing drop-
outs, in which case drop-outs of 1 in 160 bits
would be acceptable as compared with 1 in
16,000 for the system without drop-out rejection.

4.2. Description of Recording Methods

The predominant factor influencing the choice
of recording method -in these counting systems
is, as one would expect, the relative ease of
drop-out detection. Two recording methods
(both of the return to zero type) have been used
one of which incorporates drop-out error detec-
tion.

The first method which is employed in the
low-accuracy 1-in. system, does not allow drop-
out detection and entails magnetizing a small
area of tape when writing the binary digit “1”
whereas the “0” is not recorded. A drop-out in
this system produced an error in addition to a
loss and the following example demonstrates the
difficulty of detecting this or applying a correc-
tion to the final result. Consider a neutron data
word or “address” 00111: a drop-out occurs
when any “1” is interpreted as a “0” by the
reading circuits; such counts will be lost from
this address and will be distributed amongst
addresses 00011, 00101 and 00110. Apart from
losses, address 00111 may be subject to errors
if addresses 10111 and 01111 sustain losses due
T i o

WRITE
CURRENT,

READ
SIGNALS.

NEGATIVE N

UMITER, OERIVED PULSE SWAPE.

posimve | — J v J—E_
UMITER

v oovteur_ _N

' ouTPUT, _ 1

Fig. 5. Recording and reading waveforms. 1 inch

magnetic tape, 200 bits/inch.

to drop-outs in the most significant tracks. It
will be seen therefore that the magnitude of the
errors because of additions to an address is
related to the number of “0’s” it contains and

October 1960

D

the losses from the address depend on the num-
ber of “1’s”. Both effects depend heavily on the
number of counts in the addresses involved, and
to the relative position of the addresses in the
spectrum.

With this method the tape, when it has
deteriorated to a certain point, becomes unus-
able and this occurs roughly when the frequency
of drop-outs is ten times the level when new.

In the high-accuracy 1-in. system (and in the
L-in. system) steps have been taken to detect
and reject drop-outs. In addition to magnetizing

DERIVED
PULSE SHAPER

POSITIVE
LIMITER,

AMPLIFIER,

PHAS
SPLITTER

=

READ
HEAD.

DERIVED
PULSE SHAPER.

NEGATIVE
LIMITER.

INPUTS  FROM _ READ

TRACKS 1 T0 15, Q

INHIBIT,

T0 “DROP QUT”

CLOCK PULSE TRACK (6. SCALER.

Fig. 6. Logic diagram of reading system. 1 inch

magnetic tape, 200 bits/inch.

a small area to denote “1,” a small area is mag-
netized in the opposite sense when writing “0.”
This allows effectively a check on each bit and
if neither “0” or “1” is present on replay, the
whole 16 bits in an address can be rejected; i.e.
there is a counting loss but no error. Tape
which has deteriorated considerably below the
level already mentioned can safely be used with
this method of writing.

Writing, reading and drop-out detection is
shown in outline in Figs. 5 and 6. Writing is
performed by current pulses in the record head
which saturate the tape, and, due to the field
spread from the gap, produce bits about
0-0025 in. in length; the movement of the tape
during the writing pulse duration (100 microsec)
is almost negligible. The maximum packing
density is 200 bits/inch.

On replay a signal is produced which is
approximately the time differential of the flux
pattern on the tape. To separate “0” from “1”
signals these are first limited at a level consis-
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tent with cross talk rejection. A gating wave-
form is produced as shown in Fig. 5 and it can
then be determined whether a positive peak is
followed by a negative or vice-versa. The
former combination denotes a “1” signal and
the latter a ““0.” An or gate between “1” and
“0” outputs on each track feeds an AND gate
common to all sixteen tracks and must give an
output before the analyser is allowed to accept
the 16-bit number. Subsidiary circuits count the
number of rejected words, these being shown
by the presence of signals on some tracks and
not on others.

It should be noted that on replay the voltage
waveform of one digit crosses from positive to
negative (or vice-versa) at a comparatively fast
rate compared to the rest of the waveform, (see
4 and t, in Fig. 5); this portion of the waveform
is used in the detecting circuit and so gives a
good indication of the arrival time of the centre
of the digit over the replay head. It is important
to minimize the time shift in the detection cir-
cuits caused by signal amplitude variations,
since the AND gates in the detection logic require
that pulses from all tracks should occur within
a certain time interval of each other. In addition
to these circuit effects, errors in timing are also
caused by “skewing” of the tape due to
mechanical deficiencies of the tape and trans-
port. These combined electrical circuit and
mechanical effects have limited the maximum
packing density to 200 bits/inch on the existing
l-in. tape system.

4.3. Amplitude Variations of Replay Signals

Apart from magnetic tape defects substantial
loss of replay signal amplitude can occur due to
the accumulation of tolerances, electrical, mag-
netic and mechanical.

4.3.1. Mechanical tolerances

These arise from variations in tape width,
guiding problems on both record and replay
decks and relative misalignment of record and
replay heads. All these effects contribute to a
decrease in the bit area “seen” by the replay
head.

(i) Tape width: l-in. wide tape is normally
cut to a tolerance of (+0, -0-004in.), and
unless guiding takes place on the same edge on
both record and replay transports a relative
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track shift of up to 0-004 in. may occur through
the system.

(ii) The position of the tape relative to the
head may vary:

(a) on the record deck according to speed.

(b) on the replay deck according to direction.
Single edge guiding again minimizes these
variations which are then mainly a function of
longitudinal bowing of the tape. If guiding
lengths on record and replay are similar and
guides are close to the head then the track dis-
placement from this source should not be more
than about 0-002 in.

(iii) Head block alignment: The positions
of both record and replay head blocks may be
displaced up to +0-001 in. relative to the tape
deck giving a further possible displacement of
0-002 in.

(iv) Track alignment: Individual head gaps
may be misaligned +0-002 in. from the design
centre on both record and replay heads giving
a further possible track displacement of
0-004 in.

(v) Track width tolerance: Individual gaps
may vary in width up to +0-001 in. causing a
relative track displacement of 0-002 in.

4.3.2. Electrical tolerances

These are mainly confined to the electrical
characteristics of the heads at the frequencies
of interest. The maximum possible overall
variation of frequency response on replay is
+2}db at 20kc/s from track to track and
head to head. This variation is eliminated. on
recording if the tape is saturated and on replay
by adjustment of amplifier gain.

Saturation also minimizes the effect of varia-
tions in record current; e.g. a 5 per cent. varia-
tion in current amplitude produces a signal
amplitude variation of about 1 per cent. in the
saturation region.

4.3.3. Magnetic tolerances

A commercially available 1nstrumentation
tape in use by the authors is quoted as having a
maximum possible signal variation of +3 per
cent. within a roll and + 10 per cent. from roll to
roll; i.e. +13 per cent. overall.

In the 1-in. tape system all suggestions made
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above for minimizing or eliminating variations
have been put into effect except guiding on one
edge. The maximum variations in signal level
obtainable (apart from drop-outs) is therefore
about 3:1 with the prospect of further improve-
ment with better guiding to 2: 1. Amplitude dis-
criminator levels are set at 20 per cent. of
nominal amplitude and this gives a safety mar-
gin over the worst cross-talk level which can
arise.

4.4. Experiment Labelling

In some investigations it is required to carry
out a series of short counting runs varying the
parameters from run to run. Under these cir-
cumstances a 16-bit code in one run may repre-
sent information different from that of the same
16-bit code in other runs. It is proposed there-
fore to label the start and end of each experi-
ment with a single word address coupled with
a negative clock pulse (“0”), as distinct from the
normal positive (“1”) clock pulse; (one track is
normally marked with “1” to signify that data
has been written and this is called the clock
track although to some extent this is redundant
information). The code will be set up manually
at the start and finish of recording each experi-
ment. A decoding circuit can be preset to
recognize any desired code and can feed out
pulses both to stop and start the analysis.

4.5. Comparison with other Writing Techniques

The other methods are usually of a non-
return to zero type and differ from the method
in use (Sect. 4.2) in the following respects:

(a) The maximum packing density on a
single track can be increased by a factor of two.

(b) No erase head is needed.

(c) To obtain a satisfactory drop-out rejec-
tion performance at least one parity check digit
must be included.

(d) Due to the tape saturation, drop-outs in
any position can appear as extra input pulses
during reading. The use of parity check digits
will usually reject these pulses provided the tape
fault does not affect two adjacent tracks. This
latter fault may occur if there is a large area
of tape surface damaged, or dust on the tape
surface or reading head.
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The advantage in (a) is nullified for the 1-in.
16-track system because the maximum longi-
tudinal packing density of 200 bits/in. is set
by the “skewing” and timing errors (Sect. 4.2.).
ltem (d) above is a serious disadvantage com-
pared to the method in use because in some of
the applications only a small percentage of the
length of tape may contain data. Thus a method
which is only sensitive to the tape when data
has been recorded is clearly more suitable than
a method where the reading circuits are affected
by the whole tape length. In addition, when the
number of drop-outs is becoming serious the
user requires to know the percentage of data
lost; this figure cannot be obtained from the
non-return to zero method without extra
recorded information, whilst in the present
method the drop-out counter gives the amount
of rejected data. In the case of the }-in. tape
system the need for redundant parity checks is a
great disadvantage of the non-return to zero
method.

Because of these considerations the present
writing method in Section 4.2 has been designed
for both # inch and [ inch systems.

5. Recording System using 1-inch Magnetic
Tape

This instrument was designed to be cheaper
and more portable than the 1-in. system and to
have greater flexibility in its application. Since
only four tracks are available it is necessary to
write digits serially so as to have sufficient bits
available for any one event. The total number
of digits in a block may be varied to suit the
particular experiment, up to a maximum of 38
(10 digits serially along each of the four tracks,
but with the first digit omitted from each of the
inside tracks in order to identify the beginning
of a block). In order to increase the number of
digits on a reel the packing has been made 400
bits per inch. This is possible because skewing
of the tape has less effect than with the 1-in.
system. A rigorous check must be made to
ensure that any block with missing digits due to
drop-outs is ignored.

The digit layout of the tape is shown in Fig. 7.
Plus and minus writing as described in Section
4-2 is used. When reading digits from the tape
the beginning of the block is identified by the
absence of signals on tracks B and C. This

755




F. H. WELLS and others

identification is used to reset the equipment and,
in particular, to start a counter. The digital in-
formation in position 0 on tracks A and D is
fed to two ferrite cores and stored. When posi-
tion 1 passes the replay head the digital infor-
mation is stored in further cores and a check is
made that there is a signal on each track. If
this is so, the counter is moved to its next
position. This procedure is repeated for as
many positions as may be required. When the
last position has been read out the counter will

¢ TAPE OIRECTION PAST READING HEAD.

9 , 0 | 23 B9 | o

SIS S & N N mes
N N N §&------ INENE TRACK B.
N §------ N ; TRACK €.
SSS S §----- N O] N m«

!

T

H i
BLOCK

™ EACH BLOCK CHECKED FoR TOTAL DIGITS,

Fig. 7. Layout of digits on 4 inch tape system.

have advanced to a preset number and opens
output gates. The stored information is trans-
ferred out by the reset signal. The absence of a
signal at any position within the block will
prevent these gates being opened so that the
incorrect block cannot be transferred although
the equipment will be reset, and the next block
unaffected.

Since this system uses 400 bits/in. packing
density, the replay waveform given in Fig. 8
differs from that shown in Fig. 5. The time
intervals £, and 1, in Fig. 5 no longer differ so
markedly and therefore the method of detecting
“1” and “0” in Fig. 6 is not sufficiently reliable.
The method employed for the }-in. tape system
is shown in Fig. 8.

After amplification the replay signal is fed
to two discriminators giving outputs correspond-
ing to the positive and negative excursions of
the original signal. The leading edges of these
are combined and used to trigger a binary
circuit the output of which is a regular wave-
form, and may be regarded as a clock for that
particular track. Coincidence between the clock
and the positive discriminator output indicates a
“1” while the absence of a coincidence indicates

756

a “0.” This system has the advantage that it is
not dependent on relative rates of change or
spacing and hence may be used without change
at any replay speed—or even at irregular speeds.
Since the information is transferred to ferrite
cores half switching currents from the clock
and the positive discriminator may be used to
perform the coincidence check.

To confirm the presence of signals on all
tracks it is merely necessary to establish that all
four clock pulses are present. The counter is
arranged so that it will only move to its next
position when instructed by a check circuit.

On the recording side the method of writing
along the tracks involves storing information
until tape is available to accept the signals.
The input data circuits are cleared into a buffer
store immediately a signal has been received,
leaving the input circuits available for a further
signal. This is equivalent to a two word
derandomizer similar to that shown in Fig. 3
for the 1-in. tape system and gives a consider-
able increase in the mean rate of random pulses
that may be handled for a given percentage loss.

WRITE " v ‘0
CURRENT, l ! m' 0
READ
SIGNALS,
-7 UMTING
LEVELS.
|
NEGATIVE | : ! f | | i
LIMITER. | |‘ |. ]
POSITIVE | . . e )
umiter YT | ! N
| | |
coek,_ NY L N

Fig. 8. Recording and reading waveforms. 1 inch

magnetic tape, 400 bits/inch.

The six speeds incorporated in the tape trans-
port (30 in./sec to 2 in./sec) enable a stor-
age time appropriate to the experiment to be
selected. At the highest speed it takes 830
microseconds to write a 38-bit number or 166

microseconds to write a 6-bit number.

The storage capacity of a standard 8}-in. reel
is approximately 4 x 107 bits arranged in blocks:
for example 105 38-bit binary numbers, or six
times as many 6-bit numbers.
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6. Conclusion

Magnetic tape digital recording is becomiug
a useful tool in nuclear physics research and it
will soon lead to a great increase in the rate ot
data accumulation. Many }-in. and 1in. tape
recording systems will be used and suitable
analysis instruments installed. Transistors and
square loop ferrite cores are used to give maxi-
mum reliability and the tape transports
employed must give comparable service. There
are still two outstanding problems which need a
reasonable solution.

(a) The presentation of sufficient recorded
data in a suitable visual form to satisfy the user
during an experiment.

(b) An improvement in the flow of digital
information from the analyser to the large
digital computers. Magnetic tape may be
required to reduce the time lost in punching
cards or paper tape.

Thus a programme for a steady development
of these techniques is being pursued.

October 1960
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-News from the Sections . . .

North Western Section

On 3rd September last a party from the Sec-
tion visited the Winter Hill Station of the
Independent Television Authority by the
courtesy of the engineer-in-charge, Mr. W. H.
Jarvis. The tour of the station started at the
incoming land lines and terminal distribution
boards, where the Post Office responsibility ends
and the station takes over.

After inspecting the video and sound ampli-
fier racks, some time was devoted to the
auxiliary equipment for the projection of films
and slides and turntable for disc recordings. At
the station control and monitoring console the
party was able to see an outside broadcast com-
ing in on a radio link, being re-radiated and the
transmission received on a separate dipole;
monitors on all three channels permitted direct
comparison of quality and of waveforms at
various points,

Other features of interest included the
elaborate system of interlocking on the trans-
mitter and associated h.t. supply cubicles for
protecting both personnel and the equipment
itself. The system of tuning the coaxial grid,
anode and cathode lines was also examined. The
output coaxial line goes to a vestigial sideband
filter, and the outputs of the vision and sound
transmitters are de-coupled by tuned stubs to
prevent interchange of power between them. A
reflectometer with built-in probes is installed for
setting up the various filters and matching the
feeder. F. A. M.

Montreal Section

The Annual General Meeting of the Section
was held on 2nd May, and the following officers
were re-elected: Chairman, T. A. Cross (Mem-
ber), Vice-Chairman, G. Zelinger (Member).
Secretary-Treasurer, K. N. Coppack (Associate
Member). In addition two additional members
were elected to the Committee: P. H. Carey and
K. G. Reid (Associate Members).

On 26th May a party of 50 members of the
Section and their guests visited the Bell Tele-
phone Company of Canada’s exhibition
“Panorama of Telephone Progress.” Many of
the exhibits are working models, including early
automatic exchanges and a diagrammatic model
of the direct dialling system now in use in

758

Canada and the U.S.A. A model of a section of
a microwave link was used to demonstrate the
transmission of microwaves. Ferrite core
memory storage was demonstrated and a model
of the “Discoverer’ satellite was shown. The
visit was followed by a film describing the con-
struction of a microwave link.

The Section’s plans for the coming session
include presentation of the following papers:
26th October—“The Mid Canada Line” by
D. Gilvary (Graduate); 23rd November—
“Printed Circuits” by D. Grierson; 22nd Feb-
ruary—*“Radio and Electronic Equipment in the
Modern Airline” by D. W. Griffiths. All meet-
ings will be held in the McConnell Engineering
Building of McGill University; further details
of these and other meetings will be circulated to
all members of the Section by the honorary
secretary whose address is 1000 Marlboro Drive,
Apt. 205, Town of Mount Royal, Que.

K. N. C.

Union of South Africa Section

At a meeting of the Section held in Johannes-
berg in June, Mr. H. Rothenberg (Associate
Member) presented a paper entitled “Induction
Heating for Manufacturing Industry.” After a
discussion of the principles and design of induc-
tion heaters, the paper dealt at length with the
advantages which the technique has over the
more conventional methods of applying heat.

Mr. Rothenberg first of all pointed out that
heat is generated within the charge itself, which
is therefore the hottest part of the furnace,
thermal efficiency is hence high and very rapid
melting is possible. Melting can be carried out
in a vacuum or in a reducing atmosphere if
required, and the charge can be thus kept clean
from impurities, while the inherent stirring
action gives uniformity of composition.
Accurate control of the temperature and the
location of heating is possible while the “sur-
face” can be hardened to any required depth
with immunity from damage to the steel due to
over-heating. Finally, heating starts instantly
when radio frequency power is applied and stops
instantly power is removed. The heat is con-
fined to the area required, leaving the remainder
of the part unheated.
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Cablefilm Equipment }

by

S. N. WATSON #

A paper based on a short informal contribution given on 4th July, 1959, during
the Institution’s Convention in Cambridge.

Summary : Cablefilm motion picture facsimile equipment has been developed for
transmitting short lengths of 16 mm film over long distances as quickly as possible.
A good quality music circuit for about 6 kc/s bandwidth is required. Techniques
similar to those found in television are used, and although, in view of the narrow
bandwidth of transmission circuit, a considerable time is employed in transmission,
the system is nevertheless many times faster than previously used facsimile systems.
The reasons for the choice of the particular transmission standards employed are

given.

1. Introduction

Extensive facilities exist throughout the world
for the distribution of news in the form of the
written and spoken word. Similar facilities
provide facsimile copies of still pictures, but
until the development by the Engineering
Division of the British Broadcasting Corpora-
tion of the equipment described in this paper
had taken place, no comparable facilities existed
to supply moving pictures suitable for presenta-
tion in news transmissions by television broad-
casting organizations. Except where a television
network is available, news pictures are usually
supplied on film and, in an attempt to provide
a quicker news service, it was decided to
develop a facsimile process for use with certain
music circuits. The equipment to be described
is capable of providing copies of short lengths
of 16 mm news film with the minimum delay.§

2. Picture Standards

From the beginning of the development of
this equipment it was clear that one of its most
important uses would be to exchange news pic-
tures across the Atlantic betwecen Europe and
America. Accordingly, the characteristics of the
music circuits which exist in the transatlantic
cable between New York and Montreal on the

+ Manuscript received 18th August 1960. (Paper
No. 587.)

t The British Broadcasting Corporation, Designs
Dept., London, W.I.

U.D.C. No. 621.397.12

Journat Brit.I.R.E., October 1960

one hand, and London on the other, largely
determined the transmission characteristics of
the system. It appears that a typical item of
a news programme is approximately thirty
seconds long and if the facsimile system is to
be successful, its transmission time for this
amount of film should not exceed say one hour,
i.e. a ratio of 120:1 between the playing time
and time of transmission by the facsimile pro-
cess. It follows that everything possible must
be done to reduce the bandwidth requirements
since the ratio between the bandwidth asso-
ciated with a normal television signal, for
example, and the 6'4 kc/s of bandwidth which
is available on the transatlantic music circuit is
more like 1,000: 1.

It was, therefore, necessary to choose picture
standards requiring the minimum bandwidth
commensurate with reasonable picture quality.
Previous experience indicated that a 200-line
picture would be acceptable, and that each line
should contain about 360 picture elements. A
further economy has been obtained by portray-
ing motion at the rate of 12 pictures per second,
although the number of complete pictures trans-
mitted per second must, of course, remain at 25
for the eventual broadcast, in order to avoid
brightness flicker.

With these major decisions taken, the details
of the standards finally used followed almost

§ Features of this system are protected by U.K.
Patent Applications Nos. 18277/59, 18853/59 and
16323/59.
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automatically. These details are listed in Table

1. (The considerations which led to a choice
of 4'5 kc/s for the video bandwidth will be dis-
cussed in Section 4 which deals with the line
transmission equipment.) This choice of stan-
dards has led to each single frame of the film
requiring a transmission time of eight seconds.
This, together with the fact that only 12 frames
are transmitted where normally double this
number would be employed were normal infor-
mation about motion being sent, means that the
time of transmission is approximately 100 times
greater than the eventual playing time of the
film.

Table 1

Number of lines per
field

Line scan frequency

Number of picture

200 sequentially scanned
25 ¢/s nominal

elements per line 360
Interline blanking

period 6 millisec
Interfield blanking

period 100 millisec

Duration of each
frame or picture

scan 8 sec
Maximum video
signal frequency 4'5kc/s

With these standards in mind it was possible
to commence the design and manufacture of
suitable equipment. Briefly it was necessary to
make a film scanner which could generate a
television type waveform of sufficiently small
bandwidth. The transmission equipment had,
in turn, to translate the video signal so that its
spectrum fell within the passband of the cable.
Then, after transmission, the signal had to be
converted back to video frequency and recorded
on 16 mm film.

3. Film Console

The film console is basi-
cally a 16 mm slow speed,
flying spot film scanner or,
alternatively, a 16 mm tele-
recording channel, the same
piece of equipment perform-
ing either function at choice.

CATHODE RAY

TUBE
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3.1. Film Traction Mechanism

Wherever possible in the equipment the
design is such as to give some degree of flexi-
bility, This equipment is in many ways a new
venture and circumstances may arise when it is
desirable to change the picture standards
employed. One good example of this occurs in
the film traction mechanism. Under normal
conditions of working, only every other picture
is transmitted, each picture being recorded in
duplicate at the receiving end. This produces a
film capable of being used in a normal projec-
tor, etc., i.e. at 24 pictures per second. If, how-
ever, the film to be transmitted has a subject
which moves quickly, it may be desirable to
transmit the full number of pictures. In this
case the sending and receiving equipment can
be switched to operate frame by frame. The
intermittent mechanism which drives the pull-
down claw and the associated sprockets is
essentially a magnetically triggered clutch,
transmitting the power provided by a small
induction motor. The electrical triggering signal
can be modified so as to make the clutch per-
form either one or two revolutions as required.

3.2. Optical Assembly

Figure 1 is a diagram of the optical assembly
and associated equipment. In the send con-
dition only one lens is in use and the equipment
operates as a flying spot scanner. In the receive
condition the photocell is no longer required
and both lenses are used to record two images
of the film. Great care has to be taken to ensure
that these two pictures are as nearly identical as
possible and in the correct position, since any

PHOTO-ELECTRIC|
CELL

TWIN LENS
SYSTEM

Fig. 1. Diagram of optical assembly.
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discrepancy will introduce a 12 ¢/s per second
flicker.

3.3. Electrical Equipment
3.3.1. The waveform

More or less conventional master oscillator
and dividers produce line and field pulses which
drive the waveform generator, the latter in turn
producing the necessary synchronizing signals
for blanking waveforms.

ta) PEAK WHITE REFERENCE

LINE SYNC. /BLACK LEVEL REFERENCE

tb)
FRAME SYNC

r=n
o
[
[ .
|
o]

r._._l

Fig. 2. Synchronizing waveform.

In normal television an occasional failure or
irregularity in the synchronizing signal can often
be tolerated. Unfortunately the time scale in
the proposed system is such that a faulty signal
of this form could be most objectionable and
so a signal without even momentary faults is
required for an hour or more for each transmis-
sion. As in some circumstances the signal could
be subject to considerable noise or other inter-
ference signals there was a need for a very
strong and robust synchronizing system. The
waveform employed is shown in Fig. 2. The
line waveform is similar to that used in tele-
vision broadcasting systems except that a fur-
ther pulse has been added immediately after the
synchronizing pulse. This pulse commences
with the timing edge which extends from the
bottom of synchronizing signal to peak signal,
then immediately after this edge there are two
reference levels, one at peak white and the other
at black level. The complete synchronizing
waveform is about 6 millisec long, which is
equivalent to approximately 50 picture elements.
This information is available for synchronizing,
blanking, providing the appropriate reference
levels, and also giving an opportunity for
obtaining the reference carrier required later in
the demodulating equipment. The circuits
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employed are such that the liability to inter-
ference, etc., is improved by some 10 db over
that realizable with a normal synchronizing
waveform.

The waveform in the lower part of Fig. 2
illustrates the frame synchronizing waveform.
This consists essentially of a further three line
sync. pulses in rapid succession.

3.3.2. Scanning circuits

To complete the description of the film con-
sole, it should be explained that two cathode-
ray tubes are used, one to provide the scanning
raster and the other, with a long afterglow
phosphor, to provide a monitoring picture.
Magnetic deflection is employed on both of
these tubes.

The very low frequency frame scan is pro-
vided by a direct feed to a specially designed
scanning yoke and a permanent magnet shift
arrangement is provided to allow the picture to
be centred in its correct position.

3.3.3. Video circuits

Figure 3 is a block schematic of the video
equipment. This includes a non-linear correc-
tion for the various film processes required.
The equipment normally transmits a negative
film and produces the appropriate positive film
at the receiving end. If desired, however, a
positive can be transmitted and again a positive
is reproduced at the receiving end. In both
these cases the signal is, in fact, sent to line as a
negative picture, but when a positive film is
employed, the electrical signal is corrected by
a non-linear network in such a way at the send-
ing end so as to make it appear that it has
originated from the corresponding negative. It
is evident that the equipment employs a tech-
nique very similar to that used in normal tele-
vision practice.

The problem of mains interference presented
a major difficulty throughout the design of this
equipment. Hum on the picture appears as a
relatively high frequency pattern which cannot
be removed by clamps and similar circuits.
The low hum levels required can only be
achieved by careful design and extensive use of
magnetic screening. For example, the cathode-
ray tubes described previously are surrounded
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by a double mumetal screen and all mains trans-
formers are mounted in a separate cubicle
several feet away.

4. Transmission Equipment

4.1. Introduction

The first step in the design of suitable equip-
ment was to determine the amplitude and delay
characteristics of the music circuit. Measure-
ment of the noise level and noise spectrum was
also made with the volume compandors, nor-

extends beyond zero carrier is “folded back” in
a positive-going direction. The modulation
factor is, however, limited to 3-3 in order to
simplify the terminal equipment. This type of
signal requires synchronous demodulation and
this type of demodulator has the subsidiary
advantage of producing the minimum quad-
rature distortion normally associated with the
demodulation of a vestigial sideband signal. The
synchronous demodulation is achieved using an
oscillator whose frequency is controlled by the
incoming carrier frequency, as gated once per

mally used on music and speech, out of circuit. line. The gating waveform is conveniently
SENDER ,'@ 1
] 3
i PHOTO é \ NON - 2|
. IMULTIPLIER < LINEAR
CD ¥ J CELL X aMPLIFIE e
v + <
FILM SCANNING @ |
CRY SYNC
M. SYNCHS > [
BLANKING
M. BLANKING >—1
RECEIVER MIXER
@ TRANSMISSION
EQUIPT
VIDEO
oo :
AMPLIFIER
! REDCOpRl)IyNG | NON= i
ISPLA
MonnonmcD L LINEAR| —4
@ U2 CRT X_AMPLIFIER

LINE
PULSE
FIELD

SYNC.
SEPARATOR

Fig. 3. Block schematic of video equipment.

It was clear from these results that some
equalization of the amplitude/frequency
characteristic and considerable equalization of
the delay/frequency characteristic would be
necessary and that even with equalization, the
delay distortion at each end of the band would
limit the usable bandwidth to about 5-0 kc/s,
extending from 500 to 5.500 c/s. It had already
been decided that an amplitude modulated
vestigial sideband system would be used and
accordingly a carrier frequency of 5 kc/s was
chosen, the spectrum occupied by the signal
being shaped to fall within the band from 500
to 5,500 ¢/s. In order to obtain the best signal/
noise ratio the modulation factor exceeds unity
and that part of the modulation envelope which
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obtained by envelope demodulation of the
incoming signal. Figure 4 illustrates a typical
envelope of the modulated carrier. It will be
seen that the amplitude falls to zero at a point
corresponding to approximately fifty per cent.
of the picture signal range and then reverses in
direction; at maximum picture voltage the
amplitude of the modulated carrier is again
early as great as at zero picture voltage. The
two parts of the modulated carrier envelope dis-
posed about the zero point are characterized by
a difference of phase of = radians. The syn-
chronous detector is able to recognize this
difference of phase in addition to differences in
amplitude so that the required video waveform
is obtained.

Journal Brit.I.R.E.
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L< o -
LINE BLANKING
INTERVAL

Fig. 4. Envelope of modulated carrier.

4.2. The Sender

Referring to Fig. 5, the video signal is first
band-limited to 4:75 k¢/s in a phase corrected
filter.

The spectrum of the signal after it has been
through this filter and associated video pre-
emphasis network is shown in Fig. 5(b). This
pre-emphasis network is a resonant equalizer
having a maximum loss of 4 db at 2'5 kc/s and
it is used to reduce the level of video com-
ponents around this frequency which might
otherwise produce unwanted intermodulation
effects in the modulator. The carrier supply for
the modulator is provided by a 5 kc/s crystal
oscillator unit and buffer amplifier.

A relatively simple form of direct modula-
tion is employed. A good balance is achieved
and the resulting signal is free of unwanted
interference, etc., even though the frequency
spectrums of the input and output signals over-
lap. (Frequency spectrum Fig. 5(c).)

The output from the modulator then passes
through the following three networks:

(i) A 400-c/s high-pass filter to remove low
frequency components, especially those due
to mains hum. (Frequency spectrum Fig.
5d).)

(i) A modulated signal pre-emphasis network.
This network has a slope of approximately
3 db per octave over the required band and
raises the low frequency components with
respect to the carrier, thus partly com-
pensating noise characteristics of the trans-
atlantic cable. (Frequency spectrum Fig.

5(e) )
(iii) A 4-85 kc/s linear phase vestigial sideband
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shaping filter which has a loss
of 3db at the carrier frequency
and provides half the total
shaping necessary in the overall
system. (Frequency spectrum
Fig. 5(f) .)

Finally, the signal passes through
a regulating amplifier which auto-
matically adjusts the level of the
signal sent to line.

4.3. The Receiver

Figure 6 shows the position of the signal in
the frequency spectrum in various parts of the
receiving equipment,

The received carrier signal passes first
through the amplitude and delay equalizers
which compensate for much of the distortion
of the music channel. Most of the distortion is
corrected by fixed equalizing networks but a
two-section variable amplitude equalizer is
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Fig. 5. Send terminal spectrum diagrams.
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included together with a six-section variable
delay equalizer. These variable equalizers are
adjusted while observing the test waveforms on
an oscilloscope provided for this purpose. The
signal then passes through a 400 ¢/s high-pass
filter, a modulated signal de-emphasis network
(complementary to the pre-emphasis network
used in the sender), and the lincar phase

N DECIBEL SCALE =10db PER DIVISION
CARRIER
INPUT  db | S

(a)

CARRIER 9P
DE-EMPHASIS | .

NETWORK [ // 7 A~ IS -
OUTPUT I

{b)
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dbl’
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ouTPUT e
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(d)

VIDEQ
OuTPUT

- L JL
0 | 2 3 4 5 6 7 8 9 10
FREQUENCY (kc/s)

Signal Spectrum -~ - ... Noise Spectrum

Fig. 6. Receive terminal spectrum diagrams.

vestigial sideband shaping necessary for
vestigial sideband transmission. (Signal spec-
trum shown in Fig. 6(c).) The signal then
passes through the regulating amplifier which
has two functions. It raises the level of the
modulated signal such that it is suitable for
demodulation and also provides an output
which is eventually used to phase lock the local
oscillator. The local oscillator is, of course,
used to demodulate the signal as described
earlier. These two outputs from the regulating
amplifier are stabilized in level and are virtually
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independent of changes in the input signal of up
to +6 db. The output from the demodulator
(frequency spectrum of Fig. 6(d)) is passed
through a 475 kc/s phase corrected low pass
video filter and a video de-emphasis network
which restores the loss at 2°5 kc/s as introduced
in the sender. The signal so obtained (frequency
spectrum Fig. 6(¢) ) is then amplified and passed
back to the film console for recording as
described earlier.

5. Conclusions

The equipment described in this paper has
been used on many occasions for the transmis-
sion of short lengths of film between the United
Kingdom and Canada, in both directions. In
particular it should be mentioned that it was
used extensively on the occasion of HM. The
Queen’s visit to Canada in June-August 1959.

The hour or so which the system takes to
transmit a length of film which will normally be
on the television screen for about thirty seconds
has proved a very convenient unit. It is pos-
sible that in some circumstances this system will
provide a much cheaper method of exchanging
short lengths of film than, for example, the use
of normal television transmission and recording
systems, although the major benefit of the use
of this system at the moment is obviously over
very long circuits such as those across the
Atlantic and those which will eventually link
the British Commonwealth.
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A Computer Storage Matrix Using Ferromagnetic Thin Films t

E. M. BRADLEY, B.sc.}

Summary : A new method for selecting a magnetic film storage element from a
matrix of elements which exploits the coherent rotational mode of reversal is
described. It is shown that, by using a film made of a newly developed alloy
“Gyralloy 1, the reproducibility problems previously encountered can be solved.
It is shown that the use of aluminium as substrate for the film enables the signal

noise ratio to be increased to an acceptable level even for very large stores; the
drive power requirements are shown to be correspondingly reduced. Details are
given of performance and construction of a storage device, which contains 50 words

each of 50 bits.

List of Symbols

E  Energy.

Ex Film anisotropy energy.

Energy due to magnetic field.

Anisotropy constant of magnetic film.

Saturation magnetization of magnetic film.

Angle between magnetization

vector and film preferred axis.

6 Angle between external applied
magnetic field and the preferred ) See Fig. 4
axis.

®  Angle between magnetic field
and magnetization vector. /

T  Torque acting on magnetization vector.

T Torque acting on magnetization vector due
to anisotropy.

T, Torque acting on magnetization vector due
to external field.

H  Magnetic field in oersteds.

Hy = 2K /M. Expresses anisotropy constant
in oersteds.

H: Coercivity of film in easy direction.

h  Normalized field h = H. M[2K.

h, Normalized field applied near to “hard”
(perpendicular) direction.

hs Normalized field applied near to “easy”
(parallel) direction.
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t International Computers and Tabulators Limited,
Stevenage, Herts.

1 Manuscript received 12th March 1960. Sponsored
ggs the Institution’s Computer Group. (Paper No.

2

U.D.C. No. 621.318.132:681.14
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s Area resistivity of thin sheet.

1., Word selection current.

I;  Digit selection current.

1., Word selection current thres- )
hold for storage. '

1;. Digit selection current thres-
hold for storage.

1;; Digit selection current thres-
hold for disturbance.

See
Section 4.4.

1. Introduction

It is now several years since Blois! first des-
cribed a new technique for the manufacture of
very thin ferro-magnetic material by a vacuum
evaporation process. He showed that films of
Permalloy between 1,000 A and 10,000 A thick
had rtectangular hysteresis loops with a coer-
civity of the order 1-10 oersteds. Such a
property was required of magnetic material for
the use as storage elements in the computer
storage matrix first proposed by Forrester? and
Rajchman®. The possible advantages over a
ferrite core matrix of a storage matrix employ-
ing elements made by this technique were hoped
to be lower manufacturing cost and higher
operating speed.

Blois further suggested that the mechanism of
magnetization reversal was different from that
occurring in thicker materials in that it was a
coherent magnetization rotation process rather
than a domain wall movement or nucleation
process. The hysteresis loops exhibited by a
material which possesses a single axis of easy
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magnetization and which reverses by the
coherent magnetization rotation process have
been worked out in detail by Stoner and Wohl-
farth®. However, although a material which
reverses by this process would be expected to
have a rectangular hysteresis loop in the easy
direction, it can be shown® that the hysteresis
loops of those films considered suitable in other
ways for computer storage application are the
result of a domain wall movement and nuclea-
tion process.

It has been found® that control of this coer-
civity within the limits required for the com-
puter storage application is difficult and further
the switching speed is lower or not much greater
than that found for ferrite materials. It has been
concluded that the exploitation of the square
loop property in a coincident current computer
storage matrix is very difficult.

It is the purpose of this paper to describe a
new technique for selection of a given element
in a matrix of elements. This technique exploits
the property of coherent magnetization rotation
which films, within a certain thickness range,
and prepared by a suitable process, have been
found to exhibit.

Any design of thin film storage device has to
allow for the fact that the signal/noise ratio
problem is intrinsically two or three orders of
magnitude more severe than with ferrite cores.
This is because the amount of magnetic flux
change occurring when a selected element is
switched is lower by this amount whilst the
drive currents are still of the same size and thus
magnetic fields are approximately of the same
size. Hence some radically new solution to the
problem is required.

The converse to this problem is that the drive
power can be very much smaller since the
impedance of the individual elements whilst
switching is very much lower. This enables
cheaper and/or faster selection switching nets to
be designed.

2. Selection of Storage Element
2.1. Qualitative Description

It is the property of coherent magnetization
rotation which can be used for selection of an
individual element, and the rotation pheno-
menon will therefore be described first.
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A magnetic film when no magnetic fields are
present will be in one of two states. Figure 1
shows this; the arrows here represent the direc-
tion of magnetization. This direction is called
the “easy” or preferred direction. If a magnetic
field is applied at right angles to the preferred
direction, i.e. in the “hard” direction, the field
will exert a torque on the magnetization vector
which will rotate it towards the field direction.
A torque tending to oppose this rotation occurs
as a result of the magnetic anisotropy of the
film. The cause of this anisotropy, which we
know must be a result of the structure of the

magnetization vectar

representing binary O is in this direction

representing binary | ar this

(o) Binary Infarmation

magnetizotion vectar - | ——== applied field H

(b} Alignment of Vector
with Applied Field

Fig. 1. Magnetization rotation process.

film, has not yet been determined in detail and
this is the major problem in film physics. The
position of equilibrium of the magnetization
vector occurs when the torque due to the mag-
netic field and the anisotropy are equal and
opposite to one another. If the field is suffi-
ciently large the magnetization vector can align
itself with the field; the process is shown in
Fig. 1(b). If the magnetic field is now removed
the anisotropy will exert a torque on the mag-
netization vector tending to turn it back towards
the preferred direction, where the torque due to
the anisotropy is zero. This is of course the
reason why the preferred direction is a position
of stable equilibrium.
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Information storage may be achieved if a
binary 1 is represented by the magnetization
vector pointing in one direction, and a 0 by it
pointing in the opposite direction as shown in
Fig. 1(a). The problem is how to control the
direction of magnetization of an individual ele-
ment in a matrix by a coincident current tech-
nique and of course how to sense the direction
of the magnetization.

This can be achieved in the following way.
Consider a magnetic film at the intersection of
two strips as shown in Fig. 2(a). A current
through one strip can be used to apply a field
at a small angle to the preferred direction; this
is the digit line of a word-organized or Cam-
bridge-type system. A current through the other
strip causes a field at right angles to that from
the digit line, and is thus at a small angle to
the “hard” direction; this is the word-select line.
The sense coil is orientated so that it cuts flux
in the direction of the digit field. The arrange-
ment of the fields and their position relative to
the preferred direction of the film is shown in
Fig. 2(b).

word select current

. —_—{ field

!
A
'l mognetization vector

flux sense coil

easy direction

(o) Arrangement of

Drive Strips
easy direction
i
o ]
semi-circle word field
S e e — = == hard direction
semi-circle

magnetization vector

digit field

(b) Field Arrangement

Fig. 2. Storage element.
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(a) Magnetization in
Easy Direction,
O state; No Field

(b) Digit Field On,
Insufficient to
Switch to | State

digit field

/word field

(c) Word Field
Switched On

digit field

(d) After Switching
Off Word Field

digit field

P

1
'
\
)
1]

(e) After Switching
Otf Digit Field

Fig. 3. Element selection process.

Consider first the write process. At the start
of this process the magnetization vector is in the
0 state (Fig. 3(a)). A current is allowed to flow
in the digit drive line, if it is required to store
a 1 in the chosen element. The field must be less
than the coercivity in this direction (Fig. 3(b)),
otherwise it could reverse the film by itself. A
few millimicroseconds later the word line is
activated and the current flowing is sufficient to
cause a field which can bring the vector almost
into line with it (Fig. 3(c)). The word current
is then switched off, leaving the digit current on.
The vector can now swing right round almost
into line with the digit line field, since the nature
of the anisotropy is such that it exerts only a
small torque tending to turn the magnetization
back to the O sense if under 90 degrees, and
tending to turn the magnetization to the 1 sense
if larger than 90 degrees, i.e. the torque due to
the anisotropy changes sign at the “hard”
direction.

The magnetization is now as shown in Fig.
3(d). The digit field is removed and the mag-
netization now relaxes into the preferred direc-
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tion in the 1 sense (Fig. 3(e)). If it had been
desired to write a 0, no current would have been
passed down the digit line and the magnetiza-
tion would have been rotated back into the 0
state by the anisotropy torque. The read process
is simpler since current is passed only along the
word line. If the element was in the 1 state it
first rotates nearly into line with the word field
and at the end of the pulse relaxes back into
the O state under the action of the anisotropy
torque.

If the element was in the O state it rotates
first in the opposite direction nearly into line
with the word line field, and at the end of the
pulse rotates back again to the 0 state. The sense
coil is arranged to sense changes of flux in the
digit field direction and different polarity voltage
outputs will appear for the two different direc-
tions of rotation. Thus the voltage output for
a 1 and O are as shown in Fig. 5.

This mode of operation has all the require-
ments for a matrix storage element, and it will
be shown that the tolerances available for the
magnetic field are large and that the switching
time can be very short.

2.2. Theoretical Analysis
2.2.1. The rotational switching process

Stoner and Wohlfarth have given a detailed
analysis of the rotational switching process
which they suggested should apply to permanent
magnetic materials. D. O. Smith’, together with
Olson and Pohm?, have suggested that some of
the properties of their magnetic films can be
explained by postulating this model, and have
calculated some of the hysteresis loops expected.
We have extended the analysis further, in a
paper® to include some other hysteresis loops
expected.

The method of calculation is to add the
various terms contributing to the energy E of
the system and to say that the equilibrium of
the magnetization vector is attained when

dE

da
where « is the angle between the magnetization
vector and the preferred axis.
The contribution to the energy by the aniso-
tropy is assumed to be of the form.

E, =K sin® o

=0
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where K is the anisotropy constant. If an
external field H is applied at an angle 6 to the
preferred direction then the energy contributed
to the system is given by the equation

Ey = MH cos (0.-0)

The action of the device may be more easily
understood by calculating and equating the
torques acting on the magnetization vector. An
expression for torque may be obtained by the
differentiation of energy with respect to angle.

Thus the value of the torque acting on the
magnetization vector due to the anisotropy
would be given by the equation

E
dE, =Ksin2a .........
da
and that due to an external field given by the
equation Ty = MH sin (o -0). Figure 4 shows
the arrangement of the two driving fields and

Tk=

easy direction
o

h

! 3

Fig. 4. Definition of angles and magnetic fields.

defines the various angles. 4, is provided by the
word line and hs by the digit line. The sense
wire cuts flux in the direction of the digit field.

Four cases must be considered:
(a) Write 0, (b) Write 1, (c) Read 0, (d) Read 1.
In the analysis which follows the write 1 process
will be considered in detail with write 0 as a
special case of this. The two read processes will
be considered separately.

The only disturbance it is necessary to con-
sider is the effect on the magnetic state of an
element which receives only a digit pulse.
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2.2.2. The write process

Before application of the magnetic fields the
magnetization vector is in the preferred direc-
tion 0 sense.

Thus at the start of the process the fields A
and hp are both acting on the magnetization
vectort. The torque exerted on the magnetiza-
tion vector will therefore be:

T ysin2a+hpsin®+hy sin (D+90)
i 5
....... )
= -1 sin 2a+hp sin @ + hg cos @
Equilibrium occurs when T = 0, thus
hpsin @+hscos @ =34 sin 20 ......... 6)

After this equilibrium point has been reached
hp is removed leaving only the /5 field and the
anisotropy exerting a torque on the magnetiza-
tion vector.

All that is required of the Ay field is that it
should cause the vector to rotate to an angle
greater than 90 deg because there the torque due
to the anisotropy changes sign and rotates the
magnetization vector towards the 1 sense pre-
ferred direction. Since sin 2a is decreasing with
increasing o if o > 45° then hs need only be
large enough to satisfy the expression

hs cos © = 4 sin 2e
where o is the angle satisfying eqn. (6).

It is required to solve this equation in terms
of hp, hs and 0; so inserting (7) into (6) produces

hpsin® =0
whence @ = 0 deg or 180 deg. But 180 deg is a
physically inadmissible solution, being a posi-
tion of unstable equilibrium.

Thus inserting @ = 0 into (7) we have
hs = % sin 20

It is interesting to note from this analysis that
to carry out the write process satisfactorily the
combined fields must make o>45 deg at
equilibrium. The position of the vector under
the action of the two fields will be in line with
hp or « > 6. Apart from the 45 deg condition
the functioning of the device is independent of

t It should be noted that hg and hj, are reduced fields
and related to the magnitude of the applied field in
oersteds by the following relation:

H =" 2K/M

October 1760

E

the magnitude of Ap, ie. if the combined fields
can rotate the vector round to 45 deg and the
magnitude of hs is greater than § sin 20, then
the element will be switched into the 1 state.
It should be noted that the digit field A by itself
must not be large enough to switch the element,
i.e. must not exert sufficient torque to overcome
the torque due to the anisotropy.

Stoner and Wohlfarth* have tabulated (their
tables I and II) these critical fields as a function
of an angle and these are reproduced here in
Table 1. (Angle 6 refers to Fig. 4 not the angle
given by Stoner and Wohlfarth.) The magnitude
of hg required to effect writing, i.e. hs = 1 sin 29,
is also tabulated; these two quantities are the
maximum and minimum of the range of values
of hs within which, the theory indicates, that the
storage device will work.

Table 1
0 degrees hg critical 3 sin 20

90 1-0 0

88 0-86 0-03
86 0-79 0-06
84 0-74 0-09
80 0-67 0-16
70 0-57 0-31
60 0-52 042
50 0-50 0-49

This Table shows that for a film reversing
accurately by the simple rotation process,
values of 6 between 80 deg and 88 deg would
allow very large tolerances in hs. It also illus-
trates the fact that the device would not work in
the form described when 6 = 90 deg since the
magnetization vector would be brought round
to o = 90 deg and the direction of its subse-
quent rotation would not be under control if
hs = 0 as it is in write 0 or read 0 processes. In
practice when a value of hr>0-8 to 095
(depending on film) is applied by itself at 90
deg and then removed, the film splits into
domains and subsequent reversal does not take
place by coherent rotation until the film is again
saturated.

Other modes of operation are possible of
course; hp may be limited to values less than
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0-8 or a permanent d.c. bias in the A direction
may be applied. However, it appears that alter-
native schemes are either more complicated or
would not allow such tolerances in the driving
fields as are available with the proposed mode
of operation.

It should also be noted that the 4 field must
be on after the A, field has decayed to zero or
there can be no reversal. The write 0 process is
similar except that s = 0 and it can be seen
that even an infinite value of 4, will only bring
the magnetization vector into line with hs.
When 4p is turned off the torque due to the
anisotropy will rotate the vector back into 0
sense preferred direction.

The magnitude of the minimum A, and hg
fields required to rotate the vector to an angle
greater than 45 deg, which is the position for
maximum anisotropy torque, is given by the
following equation which is derived from eqn.
(6). Inserting o = 45 deg

hpsin (6 -45°)+hscos (6-45°) =4 ......... (10)
from which
(hp+hs) sin 0 — (hp+hs) cos 6 = /2/2 = 0-71.
If 0 is near to 90 degrees (the usual angle is
85°) then
hp+hs = 071

and if hs has the minimum value of

hs =4 sin 20 =sin 0 cos 6

then the minimum value of 4, to accomplish the
read-in process will be:

hp = 0'7-

2.2.3. The read process

It is required of the read process that no
matter which state the film was in prior to the
read pulse it must be in the O state after this
pulse. Second, in the response to the pulse it
must be possible to distinguish between the two
states by a suitable arrangement of sense wires.

In the tilted element device the sense loop is
arranged so that flux whose direction is parallel
to the hs field will be cut by the loop. The
rotation process for read 1 occurs in two stages,
at the front and back edge of the read-out pulse
respectively. The response to the front edge of
the pulse is to bring the vector round from the
1 sense nearly into line with the 4, field.

770

This causes the flux cut by the sense wire to
change from, say, a positive value to zero. Dur-
ing the fall of the hp field to zero the vector
rotates round into the O state thus the flux cut
by the pick-up wire changes from a zero value
to negative. Both these changes, will cause the
same polarity voltage to be induced in the pick-
up wire, say, positive.

If now the element were in the O state, on
application of the hp field the flux would
change from a negative value to zero and when
the A, field is removed, from a zero value to a
negative value. The voltage induced in the sense
wire will thus be a negative voltage spike
followed by a positive spike. These responses
are sketched in Fig. 5.

J L

AL

\/,JL

Fig. 5. Voltage induced in sense wire.

h', pulse

voltoge response
if element wos In | stote

voltoge response
if element wos in O stote

It is necessary to examine the magnitude of
h,. fields required to effect these desired changes.

The read O process is, of course, the same as
write 0 and since no discontinuous transitions
occur there is no lower limit in Ap. It can be seen
from the previous arguments that there is no
upper limit either.

There is a lower limit to the field required
for the read 1 process, and it can be seen that
this is the critical field discussed by Stoner and
Wohlfarth® and given in their table IV and
presented in Table 2.

2.4. Conclusions

In a storage system it is desirable that hp
should have the same value for read and write;
thus, since in both processes there is a critical
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lower field, the larger of the two will be mini-
mum. It can be seen that this is the critical
field for the read 1 process.

Table 1 has given the range of values which
hs may assume and Table 2 has given the lower
limit of hs. The tolerances available are very
large if a real film can be made to obey the
simple theory. In practice this is not possible in
all details, but it will be shown that a device
can be made with practical materials.

Table 2

0 degrees hp critical value
90 10
88 0-86
86 0-79
84 0-74
80 0-67
70 0-57
60 0-52
50 0-50

The upper limit in 4, is again infinity

This theory has given no indication of the
possible switching time. In fact the theoretical
predictions seem extremely confused at present.
There is no doubt that the switching process
can be very fast where large hp fields are applied
near to the “hard” direction as in this device.

Switching times of a few millimicroseconds
are expected®; thus when pulses with rise-times
of a few tens of millimicroseconds are used, the
response of the film to the driving pulse should
only lag behind the driving pulse very slightly.

3. Considerations of Construction of Store

3.1. Advantage of Flat Metallic Plate as Film
Substrate

It was decided that the storage elements
should be deposited on flat plates rather than on
tubes as proposed by Hoffman et al'®. There
are two reasons for this; first, the flat form is
more favourable for the rotational switching
process since the demagnetizing field is the same
at every position of the magnetization vector.
Second, it is easier to deposit by evaporation on
a plate than a tube and the units made are two
dimensional rather than one dimensional thus
making for easier assembly.

October 1960

Pohm and Rubens'! have constructed a small
plane matrix, using a different form of selection
but they showed how strips etched from printed
circuit boards, through which the selection
currents are passed, could be used to provide a
magnetic field localized at the elements. In the
sense line they used wires critically mounted to
reduce the air mutual inductance betwzen the
drive lines and the sense loop. Raffel has used
a similar form of construction but has reduced
the thickness of the glass to 0:'1 mm to reduce
the difficulty of adjusting the sense line to give
zero coupling.

It is clear that if the film is deposited onto an
insulating substrate such as glass, there is a
practical minimum thickness of glass substrate
which may conveniently be used and this limits
the air pick-up. The writer and his colleagues
have made experiments to determine whether a
magnetic film with useful properties can be
deposited onto thin mica, but even when the
very highest quality grade of ruby mica is used
no way has yet been found to deposit films hav-
ing the required characteristics.

It has sometimes been suggested that wiring
deposited by evaporation would ease the con-
structional problem. However, this approach
has been rejected because the thickness of
metallic coating conveniently deposited by
present techniques would have resistances too
large for this application.

It is of course true that in the device pro-
posed the sense line is at right angles to drive
field and hence will not cut the flux due to this
field during the read process. However if the
area of the sense loop is large, say caused by
wrapping the sense line around glass of the
order of thickness 1 mm, then extremely
accurate orientation of the word and sense lines
has to be made to achieve cancellation. In
addition the flux from the digit drive field cuts
the sense loop so that a very large voltage is
induced during the write process. This leads to
great difficulty in the design of the sense
amplifier and its associated circuits.

It has been realized that a new approach to
this problem could be made if ferromagnetic
film of the desired characteristics could be
deposited onto a metallic substrate. This plate
must be a good conductor and aluminium was
thought to be most suitable. The metallic sub-
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strate itself could then provide the return path
for the sense wire and the sense wire could be
very closely spaced from the film and substrate
by using a very thin insulating layer over the
magnetic film. This sense line may be obtained
by an electro-plating process and can easily be
0-001 in. thick thus eliminating attenuation
difficulties.

There is a further advantage which results
from the presence of the aluminium plate; it is
that eddy currents induced in it, when the
current is changed in the drive strip, increase the
field at the film and thus more field can be
obtained for a given current. There is the pos-
sible disadvantage that the reversal of the film
may be damped by the presence of the conduct-
ing layer so near to it but this has not been
found in practice. Both these latter effects will
be considered in detail.

3.2. Eddy Current Doubling of Drive Field

The effect of the metal plate may be more
easily understood if it is thought of as a reflect-
ing surface which forms an image of the real
drive strip in such a way that the image strip
causes a magnetic field to add to that due to
the real strip between the plate and the real
strip. The additional field is caused by eddy
currents induced in the metal plate. These eddy
currents decay, and Smythe'? has shown that if
the metal plate is thinner than the skin depth,
the decay in magnetic field may be calculated,
and that the image moves at a constant velocity
which is a function only of the resistivity and
thickness of the plate. The important point is
therefore that the decay of the magnetic field
should be small compared with the duration of
the pulse used.

Smythe, in his book, only considers the case
of a thin plate. The plate to be used in practice
should be about 1 mm thick, which cannot be
considered as thin. However, the calculation
will be made for a plate which has a thickness
less than the skin depth at 5 Mc/s, and experi-
ments comparing the performance of a sheet of
this thickness and the 1 mm thick plate will be
described.

3.3. Image Theory for Thin Plate Case

Smythe shows that the image recedes with a
constant velocity 2s where s is the area resis-
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tivity of the sheet for a thin sheet. The
aluminium sheet used was 1:5x10-5 cm and
the image recession velocity is given for this
thickness by:

velocity = 25 = 2-1 x 10° cm/sec.
(Presumably for a thick plate much thicker than
the skin depth the velocity is not constant but

decreases as the eddy currents penetrate into the
plate).

It is required to find the time after which the
total field at the film will have decayed by 10
per cent., i.e. the field due to the image will have
decayed by 20 per cent.

The field at the centre of the drive strip only
will be considered. M. Williams!® has shown
that the magnetic field in the plane of the film
due to a strip subtending an angle 6 at the point
considered on the film is given by:

H =H. 8/180

where H is the horizontal field with the film
and the strip in this same plane.

At the beginning of the pulse the image will
be a distance of 0:'1 mm away from the film
since this is the distance from the real strip to
the film.

The image strip thus produces a field, for a
strip width 2:5 mm,
, 166
H =H 180 = 092 H.
If H is to be reduced by 20 per cent. we require
to find the distance which the image strip moves
to cause this.

Thus H” 4 073 H at the end of the pulse.
Hence the angle subtended at the strip must be:

6 4 073 x 180 = 132 degrees
or x ¢ 0-57 mm. for a width 2'5 mm.

Hence the image can move away by 0-47 mm
during the pulse. Thus if the velocity is 21.x
105 cm/sec, this will occur after 0-2 microsec.

To compare the effect of the thin aluminium
reflector with the 1 mm plate an experiment was
designed in which a small loop of wire was
arranged near to a drive strip as shown in Fig. 6,
and the effects of bringing the aluminium foil
and 1 mm thick plate up to the loop were com-
pared by observing the voltage induced in the
small pick-up coil. Both thicknesses of alu-
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aluminium
plate
{removable)

drive strip

P-U coil
(mounted verticalty)

Fig. 6. Diagram of drive and sense wire arrangement
in aluminium reflector experiment.

minium doubled the magnitude of the spikes
due to the front and trailing edges of the pulse,
which was one microsecond wide. Some lifting
of the line between the spikes could clearly be
seen when the foil (about 0015 mm thick) was
brought up to the pick-up coil, indicating that
there was some droop in the top of the pulse.
The raising of the base line was only just dis-
cernible using the 1 mm plate. This experiment
indicated that (a) a doubling of the field was
achieved, and (b) the droop in the field pulse
using the 1 mm plate was considerably less
compared with the 0015mm foil. Theory
indicated that the 0-015 mm foil was adequate if
the pulse length did not exceed 0-2 microsecond,
hence the 1 mm plate is several times better than
this and should be usable with pulse durations
up to one microsecond. Another experiment
suggested that the field decays by 10 per cent.
after approx. 3 microsec. with the aluminium
plate 1 mm thick.

3.4. Damping of Reversal Process

It was thought possible that the presence of a
conducting sheet so near to the magnetic film
element could cause damping of the reversal
process by generation of eddy currents.
Attempts have been made to extend the analysis
given by Smythe for the case of the damping
of a rotating magnetic dipole above a conducting
sheet, but the problem is one of great theoretical
complexity. It has been found however, that
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there is no experimental evidence for any eddy
current damping for reversal times of the order
of 50 millimicroseconds.

The reason for this would appear to be due to
the fact that the magnetic moment of the dipole
rotating is so small that interaction with its
image is negligible. If this is true, the presence
of the aluminium plate will not damp the
reversal process at any speed of operation, since
for speeds of rotation of the order of 50 milli-
microseconds the elementary theory suggested
maximum damping should occur.

Similarly the presence of the metallic drive
strips has no damping effect on the film reversal.
In point of fact the drive strips have to be
slotted, to prevent eddy currents, for an entirely
different reason: that the presence of one drive
strip must not damp the build-up of magnetic
field at the film due to a current pulse in the
other. It is necessary to slot both drive strips to
ensure that this does not happen.

4. Experimental Results on Film Performance
4.1. Introduction

It has been shown that if a ferromagnetic film
can be made in which the magnetization reversal
process is that of coherent rotation and if it has
a uniaxial anisotropy of the form described,
then a storage device can be made which can
use matrix selection techniques. This storage
device should be very fast and very large
tolerances in the drive fields should be avail-
able. It is the purpose of this section to describe
the performance of films which can be made by
vacuum deposition onto aluminium plates and
to compare this with the predicted performance.

A previous publication® showed that nickel
iron films deposited on glass from ingots of 81
per cent. nickel 19 per cent. iron alloy could
behave wvery closely according to the simple
rotational model. In another publication!4 the
conditions have been described under which
these films can be prepared. It has since been
found that films deposited on polished alu-
minium have similar hysteresis loops to those
deposited on glass, other conditions being the
same.

All these experiments were made to deter-
mine the low frequency hysteresis loop proper-
ties of films of about 2cm diameter. It is
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important therefore to find if the performance
under pulse switching conditions of a much
smaller area of film is that predicted. Similarly
it is important to show that the size of the
magnetic fields required to effect the rotational
switching are compatible with those which can
be generated conveniently by components likely
to be available.

polyurethane ™.  SENSE LINE DETAIL

/ cgcug board
/ acking 2
[ l f:-:"",/,)‘

; . %Cn linex

msuiation

sense hne
coated Al plate

brass holding ji
torAl plate 9 J,g

plate tracking mechanism

netic thin film work is to obtain control of the
magnetic properties over a large area of film.
As a first step towards this it is important to
make the relevant measurements easily. There-
fore, a mechanism was incorporated for moving
any portion of the film to a position under the
drive head. The drive head itself consisted of a
pair of copper strips through which a current

= -
DRIVE HEAD- ) N
slotted drive strips *\

+ . jbrass tube \
F’\ |

drive strip
‘connections ~

cable to pulse

generator
[ 28] S
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resistor
iminatyre
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Fig. 7. Apparatus to determine the response of small
areas of magnetic film to magnetic field pulses.

4.2. Description of Apparatus

Figure 7 shows a drawing of the apparatus
used to examine the response of small area of
magnetic film to magnetic field pulses.

It was decided that it should be possible to
examine small sections of large area plates,
since one of the important problems in mag-
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pulse was passed. These strips cross each other
at right angles to provide the “digit” and “word”
fields and they were slotted where they intersect
to prevent eddy current screening of one strip
by the other. The strips were made 2'5 mm wide
and as they were very close to the film the mag-
netic field in the plane of the film, was confined
in width to little more than this dimension.
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It was possible to rotate the head and thus
the drive strips and to measure accurately the
angle between the drive field and the edge of
the plate. The sense lines were fixed to the
clamping arrangement holding the coated alu-
minium plate since it was difficult to arrange
the sense line to rotate with the drive head and
still allow the sense line to make good contact
with the aluminium plate without damaging the
film.

This apparatus has been used to examine the
response of the film to magnetic field pulse
trains which can be applied at any angle to the
preferred axis of the film at any position on a
large areza plate. In use it was connected to
pulse train generators by means of coaxial
cables. The generators were terminated in
10 ohm precision carbon resistors, so that a
measure of the potential across the resistors
enabled the current to be calculated. The pulse
train generator gave up to 4 amps output in a
pulse of 1 microsec duration with a rise time of
80 millimicrosec. This pulse was generated by
means of a hard valve “pulse modulator” type
circuit which had a 4:1 step down ferrite core
transformer in the output circuit. The two out-
put generators could be triggered from circuits
generating sequential and coincident pulse trains
of the desired pattern to simulate conditions in a
storage matrix.

4.3. Variation of Angle of Preferred Axis over
Film Area

It has been shown that the theory of the
storage device predicts that its performance is
critically dependent on the angle between the
preferred axis and the applied field. It is impor-
tant therefore that this angle should be well
controlled in any deposition process. The
apparatus described was used to study the
variation in this angle over the plate. The
measurement of it was made using word current
pulses only in the following way. The ampli-
tude was set well above the critical value
expected. The voltage response generated in
the sense line to such a pulse train should be a
spike of one polarity at the leading wedge
followed by a spike of the opposite polarity at
the trailing edge of each drive pulse, if the hard
direction is at an angle of only a few degrees to
the edge of the plate. The polarity of the spikes
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will be dependent on the direction of the rota-
tion of the magnetization vector. This direction
will depend on the sense of the anisotropy
torque since this is the only torque acting on

2 magnetization vector when no magnetic field
is present and thus controls which remanent
state the film area will return to after the mag-
netic field pulse.

For instance if the field is applied so that at
the end of the pulse the vector rotates back into
one state under the action of the anisotropy
torque then the output appearing on the sense
line is say, a positive spike followed by a nega-
tive spike. If now the field is applied at a
different angle, where the anisotropy torque has
the opposite sense then the vector will rotate
back into the other state at the end of the pulse
and the output will be a negative spike followed
by a positive spike. If the field is applied
exactly at 90 deg to the preferred direction no
output will be induced in the sense line since
the anisotropy torque is zero and the magnetiza-
tion instead of rotating coherently splits into
domains after the end of the first pulse with
possibly one set of domains magnetized in one
state and the other in the opposite states: 8,

Therefore, as the head is rotated a few degrees
through the position where the field is applied
at right angles to the preferred direction it will
be observed that the response reduces to zero
and then increases again but the spikes will have
changed polarity. It has been found that films
can differ greatly in the sharpness of the tran-
sition from one polarity to the opposite one
with angle. The magnetization of most films,
which unless prepared so that the hysteresis
loops approximate to those predicted by the
simple theory, will hardly rotate at all in this
test and very little change in output was
observed over angles of the order of 20 or 30
deg.

Those films prepared from 81:19 NiFe alloy
on well polished aluminium plates do not be-
have well when deposited onto the large 4in.
square plates. Figure 8 shows the plot of angle
of the preferred axis observed at different points
on the plate for a film 1700 A thick. The letters
refer to the quality of the rotational behaviour.

NR No rotation, hence no output induced in the
sense line; it was impossible to identify the
preferred axis.
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P Poor rotation: it was just possible to
identify a zero position but change of angle
by 10 deg or 20 deg away did not alter out-
put greatly.

Good rotation.

E Excellent rotation: it was possible to
identify the zero position to within a few
minutes of arc; full output was obtained
1 deg away from zero position.

The hysteresis loop experiments reported in
an earlier publication4 have been extended to

cm
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Fig. 8. Variation in angle between preferred axis and
edge of plate for a film deposited from 81:19 NiFe
alloy on a polished aluminium plate.

alloys other than the binary nickel iron system
and have found that an alloy named “Gyralloy
I”” possesses greatly improved rotational reversal
properties. Figure 9 shows the variation in the
angle of preferred axis to the edge of the plate
for a film 1750 A thick made of Gyralloy I on a
well polished aluminium plate. Comparison of
Fig. 8 with Fig. 9 shows that the new alloy has
greatly improved rotational properties since it
was possible to obtain the zero position to with-
in a few minutes of arc. Thus, in this respect,
the film was found to be very close to simple
totation model. During the manufacture of both
these films the annealing field was applied at an
angle of 0 deg to the edge of the plate.
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It should be noted that in these experiments a
complete sheet of film was used, not an etched
or masked dot pattern. The area of film
examined was controlled only by the magnetic
field pattern generated by the current passing
through the strip. The horizontal components
of the field did not in practice extend very much
beyond the edge of the strip because the strip
was very close to the film. Some experiments
have been made on a film which was etched into
a dot pattern (each dot 2-5 mm dia.) after test-
ing the complete sheet. It was found that even
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Fig. 9. Variation in angle between preferred axis and
edge of plate for a film of Gyralloy I on a polished
aluminium plate.

if a film having “excellent” rotational properties
before etching was used, the rotational perfor-
mance after etching was “poor.” This is thought
to be due to the effect of small domains which
it is known can easily nucleate at the edges of a
film and which are very difficult to remove even
when the film is subjected to very large magnetic
fields.

4.4. Storage Action

Preliminary experiments suggested that good
storage action with a wide difference between
the two critical digit fields could be obtained
if the angle between the word field and the
preferred axis was set at 85 deg.
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THIN FILM STORAGE MATRIX

Figure 10 shows schematically the pulse trains
applied to the digit and word strips in the
apparatus previously described. The photo-
graphs show oscilloscope traces of the wave-
forms applied and the voltage induced in the
sense wire. The noise level in response to a
word pulse is also shown; this photograph was
obtained when the film was saturated by the
field from a permanent magnet.

film of about 1200 A thickness with the angle
between the preferred axis and the word field
set to 85 deg (referred to as a tilt angle of 5 deg).
There was, however, the slight difference that
in the curve obtained for the digit pulse alone a
train of 16 pulses of 0-5 microsec duration was
applied instead of a single pulse because it was
known® that the switching process occurring in
response to a field applied near to the easy

Voltoge Responses

read out |

noise level

read out O

(n}

1)
N

J_\ word
pulse
train

N

S
qQ

digit
pulse
\ train
read in read out read out read out
| | O
4

A

Drive Pulses

time scale 200 milli—microseconds per division

Fig. 10, Magnetic field pulse train applied to a small area of magnetic
film and the voltage response induced in the sense line.

Curves have been plotted of the variation in
amplitude of the leading edge spike output in
response to the read word pulse as a function
of digit current previously applied coincidentally
with a word pulse (write-action), Similar curves
were also plotted of the output as a function of
the digit current previously applied by itself
(disturb-action).

In these curves the output voltage is propor-
tional to the rotating flux change since duration
of the spike is only dependent on the rise time
of the word pulse. The word pulse was of
course not changed in amplitude or rise time
throughout the experiment.

Figure 11 shows curves of this voltage output
taken under these conditions for a Gyralloy I
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direction can be long; however it had been
found that the effect of 16 pulses was not sub-
stantially different from an infinite number of
pulses.

The curve was plotted as a function of digit
current; the conversion factor to magnetic field
for a 2'5 mm strip, allowing for the doubling
effect due to eddy currents in the aluminium
plate, is 4:6 oersted/amp and the dimensions of
the area of the film switched were approximately
2'5 mm x 2:5 mm.

Several points emerge from these curves when
comparing the observed behaviour with that pre-
dicted from the rotational theory. It predicts
first that the sense voltage output should stay
constant until a certain calculable digit field has
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been applied, when the sense voltage output will
change polarity discontinuously. It can be seen
that this does not happen exactly since a change
in field is required to change the output from
the saturated negative to a saturated positive
output.

Measurements on many film samples show
that there appears to be some correlation be-
tween the slope of the curve found experi-
mentally and the quality of the rotational be-
haviour detected in the measurement of the

L Digit pulse train
A Word pulse train
Jl_-_L Diqit pulse train
- ——
—&®A— word pulse train
10 ¢
9+
8+ lw.=4A
7+
lw.=4A
s+ - =
< .--
y S+ ,,A Iw.=3A
K 4l ° peep--=--A-
2 s K A"é' & [w.=3A
& mvV A’ d
¥ 2 v
L ¢
5 /
o o &—+ + id.
a ol / 10 I5
‘
2 b .. T4
-3 .-
Y S R ldd
lwt.=2:-2A

Fig. 11. Response of a small area of “Gyralloy 1
magnetic film,

direction of the preferred axis. Second, the out-
put signal representing either O or 1 should be
of the same amplitude; it can be seen that in
both curves the 1 signal is larger than the 0
signal. It should be noted that the switching
time is indeed very short and by examination
of the photograph it can be seen that the film
response hardly lags behind the increase in the
drive field and thus the intrinsic switching time
must be considerably shorter than the rise time
of the pulse.

From these curves it is convenient to define
threshold parameters, which are easy to measure
and which define the performance of the plate
at a given angle.
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(a) Digit current threshold, /., is defined as
the current applied along the digit wire
coincidentally with a word pulse which
causes zero output at the leading edge of
the word read-out pulse applied subse-
quently. The word pulse amplitude
should be well over the threshold, where
it can be seen from Fig. 11 that I, was
almost independent of the word pulse
amplitude.

(b) Digit current disturb threshold, 7., is
defined as the current applied along the
digit wire, which without a coincident
word pulse, causes zero output at the
leading edge of the word read-out pulse
applied subsequently. Normally, since
the switching process is slow, 16 digit
current pulses 05 microsec long are
applied. Again the word pulse amplitude
used should be well over the threshold
level and the value of I,, was almost
independent of word pulse amplitude.

(¢) Word current threshold, .., is that
current which will change half the avail-
able flux from the 1 state to the O state.
It was measured by applying a pulse
train as shown in Fig. 10. In this
measurement the digit current level is set
well over the threshold value I,. The
amplitude of all the word pulses is then
varied. If this is below the threshold, the
response to all the word pulses will be
the same and in the form of a negative
spike followed by a positive spike. If the
amplitude is above the threshold, the
response to the first pulse will be two
negative spikes and to the second a posi-
tive spike followed by negative spike.
The threshold current is that word
current which causes the response to the
second read-out pulse to be zero, i.e. the
spikes are just at the point of changing
polarity.

All these threshold parameters are accurately
repeatable by different observers and are almost
independent of the other pulse amplitude or
pulse rise times. There is the further considera-
tion that the threshold parameter measures the
field which one might expect to correlate best
with the theoretically predicted values.
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4.5. Measured Variation  of  Threshold

Parameters with Tilt Angle

Measurements were made of the variation of
the three threshold parameters /.., 14, [.2 with
the angle of tilt and comparison was made with
that expected from the simple theory.

Figure 12 shows the results obtained for a
Gyralloy I film of about 1200 A thickness. The
theoretical values for /., 1., and I,,. have been
calculated. It was found that there was a good
fit for /4 and /.. if the value of H, were chosen
to be some three times higher than that found
from the hysteresis loop test. This result is
different from that obtained from experiments
on 1 cm diameter spots where a good correla-
tion between the theory and experiment for fit
and magnitude was obtained. However, the
theoretical values for [Ii; were completely
different from the observed curve in respect of
fit and different from the values for /,, and I,
in respect of proportionality constant. The latter
effect might be expected since it is known that
the predominant mechanism for reversal in
response to fields applied near the easy direc-
tion is one of domain nucleation and subsequent
wall motion,

It can be seen that the /,, value gradually
decreases with decrease in tilt angle with the
specimen shown and when an angle of 1 deg
is reached it falls very steeply. Other plates
whose rotational performance is not so good
have been found to behave similarly except that
the steep decrease occurs at larger tilt angles.
This can perhaps be explained by saying that it
is known that the film area is split into domains
by the pulse previously applied near to the herd
direction when the tilt angle is small, in the
form of a very fine network pattern. Thus to
saturate the film in the easy direction from this
state is not difficult since the wall does not have
far to move and the domain is already
nucleated. Hoffman et al/'® have described a
storage device exploiting this property of the
film.

The tolerances in the system to angle can be
worked out from these curves. It can be seen
for this specimen that tilt angles varying from
2 deg to 8 deg over the plate would be accept-
able and would still leave considerable
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tolerances in the digit drive currents. Any
reduction in /4, not coupled with a correspond-
ing reduction in [/, would reduce these
tolerances. Such a situation occurs if the film
thickness is increased and it has been found
that the maximum thickness is about 2000 A.

A 14,

Hyi measured=4 o
X Tyq

Hc measured=2-9oe
© 14

Iyt amps.

Tilt angle (Degrees)

Fig. 12. Variation of the threshold parameters with
tilt angle for a “Gyralloy I film 1200 A thick.

4.6. Conclusions

It has been shown by these experiments that
it is possible to make a large area magnetic film
which has sufficiently uniform properties to
make the construction of a very fast store a
practical possibility.

A pattern of discrete dots gives much poorer
rotational performance than selection of discrete
elementary arcas by means of defined magnetic
fields. However, it is clear that although the
magnetization rotates with a good approxima-
tion to the simple theory, the magnetic fields
which are required to achieve this are higher
than might be expected. The mechanism must
be complex and requires further study.
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5. Scaling and Packing Density Experiments

5.1. Experimental Arrangement

Experiments have been described using a film
area of 2°5mmx2:5mm for an individual
storage element. It was required to find if this
could be reduced and also to find the smallest
spacing between elements which could be used
without introducing interference between ele-
ments. An experiment was designed for this
purpose in which two sets of strip lines were
made by electroplating copper onto a thin layer
of “Melinex” which had first been made con-
ductive by depositing a layer of copper onto it
by vacuum evaporation.

Figure 13 shows the arrangement used. Each
strip was 0'5S mm wide with 01 mm spacing be-
tween them; 16 strips in all were used in each
set. The two sets were placed at right angles to
one another and on top of an aluminium plate
coated with film; the tilt angle was set at 5 deg.
One sense line only was used; this was made
0'5 mm wide plated on thin “Melinex” and
stuck with impact adhesive to the aluminium
plate.

DRIVE STRIP PATTERN_

melinex
Cu plated and
etched

to pulse
sense line

v

coated
AL plate

0.0005 thick
melinex

Fig. 13. Experimental arrangement used in scaling

and packing density experiments.
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Fig. 14. Curves of response versus word current for
drive strips of various widths

It can be seen that the spacing between the
drive strip and the plate was very small since the
Melinex layers were only 001 mm thick and
hence that the horizontal magnetic field at the
film due to the current passing through a strip
would not extend much beyond the width of
the strip. The effective areas of and spacing be-
tween elements could thus be altered at will by
passing the drive currents through the appro-
priate strips.

5.2. Performance of Element as a Function of
Width of Drive Strips
Experiments were made using various num-
bers of the drive strips 0'5 mm wide in parallel.
The fixed sense wire was always in the centre
of the digit drive line used.
A more complicated pulse generator was used
in these tests enabling /... to be measured more
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easily. The pulse train applied is shown in
Fig. 14. Curves were plotted of the voltage
induced in the sense line in response to the
front edge of the second read out word pulse
(whose amplitude was maintained constant) as
a function of the amplitude of the first read out
word pulse. The threshold value, /.. is that
word current which causes zero output at the
leading edge of the second pulse.

Figure 14 shows the results obtained using a
film again of Gyralloy 1 of approximately
1200 A thickness with H, = 5 oersteds and
H. = 2-1 oersteds. The parameters refer to the
number of word and digit strips used in the
experiment. It is seen that reducing the number
of word strips from 4 to 2 reduces by about 2
times the value of /.., i.e. H, is the same.
There is not, however, a corresponding reduc-
tion in /,, when the number is reduced from
2 to 1 strips, similarly reducing number of digit
strips from 2 to 1 has a small effect. There
was no change in I, on increasing digit strips
from 2 to 4. (The output voltage is not reduced

Pulse trains

Response to pulse A

x0 o
-Nwbd

Fig. 15. Curves of response versus digit current for
drive strips of various widths.
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THIN FILM STORAGE MATRIX
Digit drive
strip B -Pulse trains
= Sense strip \
\ —q ‘\‘U'K Magnetic film
Word drive
strip

To amplitier

Response to pulse A

-+

Spacing D (mm;

-4

Fig. 16. Results of experiment to determine least
spacing without interference between digit strips.

since the read out current was kept constant:
the amount of flux must change of course, hence
the duration of the spike is changed since the
rise time to the threshold value is reduced with
the reduction in the threshold.)

Figure 15 shows the effect on [, and [l4
values of altering the effective width of the drive
strips. It should be noted that /,, hardly changes
at all but that the /., value changes slightly so
that reducing the width of the strip will alter the
available tolerances slightly.

5.3. Element-to-element Interference

It was necessary to determine the minimum
spacing between digit drive strips and between
word drive strips. Since the magnetic material
is anisotropic, it was thought possible that these
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two would be different. In the first experiment
spacing between digit strips was investigated by
connecting to various digit drive strips in the
pattern and observing the output in the sense
line as shown 1n Fig. 16. It can be seen that a
spacing of 2 strips is adequate (1-2 mm).

In the second experiment the spacing be-
tween word drive strips was investigated as
shown in Fig. 17. It can be seen that when using
word strip a spacing of 0-7 mm is adequate.

2 Digit

drive strips Pulse trains

-
x_J
A

Word ~
drive Magnetic tilm
strips
O'5mm. To amplifier
wide

Spacing d (mm

Response to puise A
[e]

-+

Fig. 17. Results of experiment to determine least
spacing without interference between word strips.

5.4, Conclusions

It has been shown that it is possible to reduce
width of word drive strip to 0-5 mm with about
0-7 mm spacing between word strips and that it
is possible to reduce width of digit drive strip to
0-5 mm with 12 mm spacing between them.

In the final design 1 mm word drive strips
were used since it was thought that this would
provide a very good compromise between out-
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put flux and packing density; similarly, 1 mm
wide digit drive strips were used since this
would appear to give a larger difference between
the /. and /1,4 values than 0-5 mm strips with-
out a proportionate increase in packing density
since the spacing had to be 12 mm. It has been
shown that the pitch of the word lines can be
12 mm and the pitch of the digit lines 2:4 mm
thus giving an overall packing density of 230
bits per square inch. This packing density is
higher than the highest that can be achieved
using ferrite storage cores that are presently
available.

6. Design and Performance of Practical Matrix

It has been shown that magnetic films can be
made which can be selected by the technique
proposed and which are sufficiently uniform
over an area 4in.x 4 in. or 16 in2

It has been shown how the width of the drive

strips and the spacing between them affects the
performance of the storage device.

g
£
£
H

Fig. 18. A storage matrix containing 50 words each
of 50 bits. The digit drive strip pattern has been lifted
to show details of the construction.

These experiments then have yielded the in-
formation on which the design of a practical
device can be based.

It was decided that the storage device
required should have a cycle time in range 0-5-
1 microsec; it should have a 50 bit word; it
should have 50 words using all the available
4 in. length of the plate.

6.1. Construction
The final design is shown in Fig. 18.
The magnetic film was of the “Gyralloy I”
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material of about 1200 A thick. It was used in
the form of the complete sheet and was tested
before assembly for spread of the preferred
direction over the plate. Plates which were
shown to have the preferred axis lying at 5 deg
+ 3 deg to the edge of the plate were accepted
for assembly.

After testing, the plate was coated with a
layer of cellulose lacquer by dipping and was
allowed to dry. The lacquer was then coated by
vacuum deposition with a layer of copper a few
thousand angstrom units thick. The thin
copper layer was used as a conducting base
which was built up by electroplating to a layer
0001 in. thick. The desired sense line pattern
was then etched out using the conventiqnal
printed circuit techniques.

Two of these plates were bolted to a }in.
thick brass plate with an insulated copper sheet,
which acted as the earth return for the digit
drive current pulses, placed between the alu-
minjum plate and the brass plate. The sense
lines were lifted from the lacquer at the end
and soldered to the inner conductors of a minia-
ture 50-ohm coaxial cable. The junction was
of course screened by the brass connector at the
end of the plate.

The word drive lines were then wound over
the aluminium plates. Each word line consisted
of a coil of enamelled copper strip 0-002 in. x
0-010in. The coil had four turns and was
slightly larger than 1'0 mm wide. The spacing
between the coils is 0-5 mm or equivalent to two
turns of the strip. The ends of the word coils
are soldered to the pins of the plug.

The digit drive line was etched by the stan-
dard printed circuit techniques from sheet com-
posed of 0-001 in. copper bonded to 0005 in.
polyurethane plastic backing (Foilex). Each
digit strip was 1 mm wide and has one slot
0-007 in. (0-178 mm) wide etched in the middle.
The spacing between the strips was 15 mm,
thus the pitch was 2'5mm or 0-100in. This
pitch was convenient for connection to a stan-
dard printed circuit socket which was provided
at the end of the matrix away from the sense
output. The other end was cold joined using a
gold-indium pressure seal to the return copper
sheet placed underneath the aluminium plate.
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6.2. Performance

The performance of this storage device can
best be summarized. by the following measured
characteristics :

Threshold Working
Value Range
Word I, = 0-25A max. 03A <1, <3A
Drive (not tested above
this value)
Digit  I4; max. = 05A 0:'6A <I; <<0-8A
Drive Iz min. = 09A

Drive Inductance (Word Coil): 06 yH at
0-5SA of which 0-2 pH is contributed by the film.
This means that for a pulse of rise time 100 mp
sec, back voltage generated is 6 volts at [, =
05 A.

It should be noted that the back voltage
appearing in the word drive coil generated by
the film is not dependent on the direction of
rotation and hence the pattern of the informa-
tion stored does not affect drive impedance).

Digit Line : It is intended that in a large store
the digit line would be terminated in its charac-
teristic impedance of about 10{2; this is not
necessary for the small store described.

The digit pulse has to overlap word pulse by
at most 20 mpusec to achieve write “1”
operation.

Qutput : Switching time response does not
lag behind pulse having rise and fall time 40 mp
sec. No increase was observed in [, using
pulses of duration 100 musec measured at base.

Signal output voltage 3 mV for word pulse
having 40 musec rise time.

Noise Output : (a) due to word pulse was not
measurable. :

(b) due to digit pulse (mutual inductance
between sense line and digit drive line)
12 mV for centre I value with digit pulse
having rise time of 40 musec. (Lacquer
layer 0-0004 in. thick.)

The cycle time of the store will be limited
rather by the circuits associated with the store
than the response of the magnetic material. The
measured characteristics show that a small store
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of 50 words should easily hawve a cycle time of
0-3 microsec.

7. Conclusions

The storage device described has exploited
the fast mode of coherent rotational reversal.
It is shown that the problem of reproducibility
of the required magnetic properties of the mag-
netic film can be solved. The process of manu-
facture of the film is relatively simple and hence
cheap since it does not involve very critical
processing.

The method of construction of the storage
device allows the very small flux change to be
observed without being swamped by interfer-
ing signals and conversely the drive power
required is very low.

It should be possible easily to extend the size
of the store to that approaching all but the
largest ferrite core stores in use today. The cost
of the storage elements should be lower and the
speed of operation much higher.
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An Experimental Comparison between a Pulse and a

Frequency-Modulation Echo-Ranging System t

L. KAY, B.sc.

Summary : Experiments designed to study the operation of a frequency-modulation
echo-ranging system and compare this with a pulse system are described. The
results show that a previous theoretical study by the author! can be used as the
basis of the design of a frequency-modulation system which may compare very
favourably with a pulse system designed for the same purpose. When the band-
width of the pulse system is limited, as it sometimes is in underwater sound systems,
the frequency-modulation system can give much superior results. On the other
hand, the pulse system can provide a much higher resolution in range if the
bandwidth of the system is restricted only by that of the transducer arrays.

1. Introduction

A recent theoretical comparison between
pulse and frequency-modulation echo-ranging
systems' showed that under certain circum-
stances there could be a marked difference in
the information provided by the two systems.
For example, if the bandwidth of transmission
of one system were greater than that of the other

-say the pulse system used a bandwidth greater
than the f.m. system, the pulse system would
provide higher resolution in range. This is be-
cause the range resolution (i.e. the number of
objects which can be resolved in a given range)
in a pulse system is proportional to the band-
width required to pass the pulse. On the other
hand if the f.m. bandwidth were the greater of
the two, the f.m. system would in all probability
(because of practical limitations) provide a
higher rate of information rather than a high
degree of resolution. This is based on the
assumption that the background produced by
the f.m. transmission is very similar to “noise”
having a uniform spectrum over the bandwidth
being considered. The output, due to an f.m.

+ Manuscript received 8th December 1959. Spon-
sored by the Radar and Navigational Aids Group.
(Paper No. 589.)

t Department of Electrical Engineering, University
of Birmingham; formerly of the Royal Naval Scientific
Service.

U.D.C. No. 621.396.962.25:621.396.962.3
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transmission, from an analyser filter covering a
range element equal to 1/Nth the maximum
range would then be similar to noise from a
filter having the same bandwidth as the
analyser. A target on the other hand would
appear as a steady tone, and the difference be-
tween this and the background, which varies
rapidly, will be quickly obvious to an operator.
Arranging the analyser bandwidth to be wider,
following an increase in f.m. transmission band-
width, the rate of change of the output due to
the background will increase in proportion.
The time required to observe the variation—as
compared with a steady tone—is thus shortened,
and the information is obtained more rapidly
than in the pulse system.

The experiments described here were
designed to verify this, and at the same time
lead to a clearer understanding of the behaviour
of an f.m. system. Pulse systems are relatively
easy to comprehend as the information is
received as a two-dimensional sequence of
events (i.e. as an amplitude/time variation).
This is not so in the f.m. case as signals are
received from all ranges simultaneously and the
presentation of the information can be difficult
to visualize. The author believes this work can
remove that difficulty and wven encourage a
study of f.m. systems as an alternative to pulse
systems.
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2. Requirements of the Experimental
Equipment

Ideally, a comparison between two echo-
ranging systems should be conducted simulta-
neously, since generally there are many vari-
ables present in the medium which cause con-
tinuous variation in the results obtained. Both
systems should also have similar parameters
(e.g. frequency of transmission, acoustic beam
width, etc.) when a simultaneous comparison
becomes impossible as a continuous f.m. trans-
mission will mask completely a pulse transmis-
sion having the same frequency as the mean of
the f.m. transmission.

- ———

systems were identical. Schemaiic diagrams of
the two equipments are given in Figs. 1 and 2.

1t was shown in referencs 1 that a multi-pulse
system would be more comparable with an f.m.
system than a single pulse system, and should
therefore have been used in the tests, A multi-
pulse system is one which transmits r.f. pulses,
each of a different frequency, in the transmis-
sion interval of a single pulse system. The fre-
quency difference between two consecutive
pulses is equal to the bandwidth required to
pass the pulse envelope, and is usually taken as
the reciprocal of the pulse duration. The total
bandwidth of the system is thus the number of
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EQUIPMENT
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TRIGGER

Fig. 1.

The ideul conditions are therefore not prac-
tical and some time must elapse between the
operation of the two systems. As conditions
vary, a variable is introduced into the results
and account must be taken of this when making
any comparison. Fortunately it was found there
were periods when the apparent rate at which
changes occurred was such that sections of the
recordings could be taken under conditions
approaching the ideal.

The tests were conducted using underwater
sound and both a pulse and a frequency modu-
lation equipment were constructed using com-
mon underwater arrays so that acoustically the
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SIGNAL

Schematic of experimental f.m. equipment.

pulses x the bandwidth of each pulse. The
returning signals of several frequencies are then
amplified in their respective channels and
delayed so that on adding later, an echo in the
different channels due to a common target will
coincide in time. Complexity of equipment
ruled out the use of a multiple system, how-
ever, as it is readily seen that many channels
(60 in the case described) would have been
required. In any case single pulse systems are
by far the most common in echo-ranging, so
that it is with these that a relationship should
be established.

In order to compare two systems, some, if not

Journal Brit.I.R.E.
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Fig. 2. Schematic of experimental pulse equipment.

all of the parameters such as range resolution,
bandwidth of transmission, transmission
interval, etc. should be the same for both
equipments. The maximum range and hence
the transmission interval for both equipments
are naturally made the same. Transmission
interval in the case of a continuous f.m. trans-
mission simply refers to the time taken to sweep
through the frequency band which covers the
range from zero to maximum (see Fig. 3).
Because of the relationship

. f.m. transmission band
range resolution cC ——
analyser band

in the f.m. system, and-

range resolution CC bandwidth

in the pulse system the design of the f.m. system
has, in effect, an additional degree of freedom
over the pulse system. The f.m. resolution can
be chosen independently of the transmission
bandwidth by a suitable choice of analyser
bandwidth, with the limitation that the analyser
bandwidth must not be less than 1/(transmission
interval).

The bandwidth of the available underwater
transducers was 5Skc/s, and this was fully
employed by the f.m. system without

analyser filters per 100 yd range. Since one of
the parameters (e.g. range resolution or band-
width of transmission) must be different for the
two systems, range resolution governed by a
practical f.m. system—was therefore chosen as
being the common factor rather than bandwidth.
In order to keep the number of analyser filters
to a minimum without too serious a loss in
performance a range resolution of 10 yd was
chosen when working with a maximum range
of 500 yd thus making the analyser bandwidth
100 ¢/s from!

analyser bandwidth (B,)

__ transmission bandwidth (B rx))
" units of range resolution (N)
= 5000/50 c/s.

The frequency sweep actually used is shown
in Figs. 1 and 3 where it will be seen that the
transmission was on for a period T of 0-6 sec
from

T =2R,/C

where R,, — maximum range

C = velocity of sound in the medium

and off for a similar period 7. The f.m. oscilla-
tor continued with the sweep during this period,
but was fed to the frequency changer only.

This avoided the possibility of serious ambi-
guity due to echoes from objects at more than
the maximum range appearing in the output at
the same frequency as echoes from less than
the maximum range of 500 yd, as can occur with
a fully continuous transmission, and in addition,
signals from any range appeared in the output

appreciable change taking place in the 7. 2P ECHO FROM ECHO FROM BEYOND
. 2 . [ 7= 27 7> MAXIMUM RANGE - MAXIMUM RANGE
acoustic beam-width during the fre- £ Ske/s N/ N
quency sweep. Full use of this NEEsR ¢ '\
bandwidth by a pulse system would Biem) WRANGE S
. L o) /Q \\
have entailed transmitting pulses of 0-2 ) A
msec duration with a resultant high o [ransmssion\ 5y L. 1 Y N
resolution in range of six inches , AN Pm| Amsiuous N
. . FMO FREQUENCY “~ DIFFERENCE N
(velocity of propagation taken to be ‘ SWEEP Ny FREQUENCY .
5,000 ft/sec). To achieve this resolu- £.-Skess | N AN
tion would have been difficult—if not ° k
a practical impossibility—with an {.m. Fig. 3. Frequency/time graph of transmission and
system, as there would have been 600 reception of f.m. system.
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for the same period of time T sec. Ambiguity
could still occur but was no worse than that
experienced in a pulse system.

Nevertheless, half the operable period was
lost and such a method of transmission would
not be of great value in an operational equip-
ment as compared with an experimental equip-
ment.

For simplicity, only 14 analyser filters were
used covering a range interval of 140 yd from
125 to 265 yd. The pulse system of course
covered the whole range of 500 yd but the
cathode-ray display was arranged only to cover
approximately the same range interval as the
f.m. system.

The pulse equipment was designed to trans-
mit every interval of 0-6 sec a pulse of 12 msec
duration (corresponding to a range resolution
of 10 yd) with an effective bandwidth of only
83-3¢/s. The actual bandwidth of the pulse
system has only a second-order effect on the
performance of the system provided the signal
2lways exceeds thermal agitation noise by a
good margin, and the bandwidth is greater than
the reciprocal of the pulse duration.

Making the range resolution of the two
systems the same resulted in their bandwidths
being different by a factor of

f.m. bandwidth (B;,) 5000
pulse bandwidth (B,) 83-3

The effect of this is to introduce a difference
In time interval between independent samples
of information from any one annulus of range.
The time interval between samples of informa-
tion in the pulse system is T sec (in this case
0:6 sec) since only one sample per 10 yd annulus
of range is obtained in each transmission
interval. The f.m. system on the other hand
provides an average of one independent sample
of information every 10 msec (i.e. the reciprocal
of the analyser bandwidth) and hence in the
interval T sec the number of independent
samples received is 60.

It is well known that, in the sea, successive
transmissions result in different background
returns such that the cross correlation factor is
almost zero, provided the interval is not too
short. For an interval of 0-6 sec the background
returns were for all practical purposes uncorre-
lated from “ping to ping” yet over quite long
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periods of time (1 or 2 min) the mean level
remained unchanged. No satisfactory explana-
tion can be offered for this phenomenon, but
advantage was taken of it to simulate a multj-
pulse system as is explained in Section 3-4. The
difference in the bandwidth of the two systems

was in fact largely eliminated by this means.

3. Experimental Tests

Tests were made in 2 depth of water of about
50 feet over a sea-bed which was found to give
a uniform background of reverberation after
allowance had been made for attenuation. This
was done using a short pulse transmission of
2 msec. No discrete echo was in evidence with-
in the range covered by the f.m. display (125 to

Prprudntn) el

Fig. 4 (a). Typical output from one 100 c/s filter due
to reverberation.

Fig. 4 (b). Typical reverberation signal with expanded
time scale,

Fig. 5. Noise from 100 ¢/s filter with same time scale
as Fig. 4(b).

Fig. 6. Reverberation plus a single target echo at the
output of 100¢/s filter.
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265 yd). Physical “sampling” of the sea-bed
showed it to consist of sand and small stones.

3.1. The Nature of F.M. Signal Returns

To determine the nature of the received signal
resulting from an f.m. transmission, the output
of an analyser channel was photographed during
a succession of f.m. transmissions. A typical
trace and an expanded section of this is shown
in Figs. 4(a) and (b). These should be com-
pared with Fig. 5 which is a section of a record
of the output from the same analyser filter hav-
ing an input signal of wide band noise. By
visual inspection thers appears to be no notice-
able difference. statistically, between the two
traces although they are quite independent.

Since the recording of Fig. 5 is due to an
input signal of wideband noise having a Gaus-
sian distribution we know certain facts about it.
The autocorrelation function given by?

i "T/2
R« TTT l\J Wx@9d ()
is determined from the spectral density of the

output signal x(r) from the analyser filter by the
relation

R+

N

G(f) cos 2 }r df

i.e. the autocorrelation is the Fourier cosine
transform of the spectral density G(f). The
spectral density of the output signal is deter-
mined only by the filter for a wide band noise
input and hence an analysis of the waveform
to determine the autocorrelation will only pro-
vide confirmation of an established fact.

Because the transfer function of the filter is
linear the probability distribution W(x) of the
output signal x(#) will be the same as the input,
i.e. a Gaussian distribution given by

1 ( -xt )
o/ 2x P\ 22 ’
where « = r.m.s. value of the “carrier.”

W(x)

The envelope of this noise signal such as will
appear at the output of a linear detector, follows
a Rayleigh distribution given by

X
o (55

20

W(X) X

a2

October 1960

where X is the envelope amplitude.

We wish to determine the nature of the
reverberation and check that it is the same as
noise. From the foregoing it is clear that, pro-
vided the spectrum at the input is uniform over
the bandwidth of an analyser filter, the output
spectral density and the autocorrelation factor
of the output signal will be determined by the
filter characteristic, as in the case of noise. We
do not however know the probability distribu-
tion of the output envelope amplitude nor can
we be certain about the input spectrum. [t is
clear though that the probability distribution of
the output will indicate that of the input because
of the linear transfer function of the filter.

0-60’l — = — ]
D PROBABILITY DISTRIBUTION OF |
W REVERBERATION DUE TO AN
F M TRANSMISSION ——
-~ O4co
=
Q
-
= RAYLEIGH
o 020} N DISTRIBUTION
=) N / -
o N\
a
o N
~
~
\\\
| ] ~————
0 | 2 3 4
ENVELOPE AMPLITUDE X

Fig. 7. Probability distribution of reverberation.

Numerical analysis of the reverberation wave-
form from five transmission sweeps showed that
the probability distribution of the envelope
amplitude was in fact very nearly of Rayleigh
type as seen from Fig. 7, and in any case only
an approximation was possible from this limited
sample. Analysis of more than five consecutive
transmission sweeps could introduce errors due
to changes taking place in the medium. Of those
examined, it was found that the mean level
remained constant. A magnetic tape recording
of the received signals was replayed several
times whilst the input spectrum was explored
by a wave analyser having an effective band-
width of 4 c¢/s. The mean power was found to
be constant over the range of frequencies
covered by the filter. This is considered suffi-
cient «2vidence that for all practical purposes the
reverberation signal input can be assumed
equivalent to wide band noise. Under nearly
ideal conditions all the analyser filters had the
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same mean output, but of course this cannot be
expected in general and the mean background
level will vary with range in any echo-ranging
system.

3.2. Target Echo

Having established the similarity which can
exist between reverberation and noise the next
step was to confirm that a target echo (from a
simple or point target) can be considered as a
tone. This is difficult to determine because of
two factors; in the first place, reverberation is
always present causing the echo amplitude to
fluctuate, and it was observed that the modula-
tion on the signal was sometimes more than
could be accounted for by reverberation back-
ground alone. When the target echo was large
compared with the background it was found
that the echo often fluctuated slowly and quite
unrelated to the filter response-time. No satis-
factory explanation has yet been found for this,
but it is known that echoes from pulse trans-
missions also may vary in amplitude from trans-
mission to transmission. It is believed the varia-
tion was due to changes in the medium rather
than to the frequency sweep.

Clearly, the echo was not a pure tone but as
will be seen in the next section the relation be-
tween the pulse system and the f.m. system is
not greatly affected since both systems may
suffer the same variations in echo amplitude.
There was, nevertheless, sufficient evidence to
suggest that to a first-order approximation the
target echo can be considered as a single tone
provided the target itself is not complex, i.e.
producing two or more discrete echoes. Figure
6 shows a section of a recording of the output
from a 100 ¢/s filter containing both reverbera-
tion and an echo from a spherical target. The
difference between this and reverberation alone
is easily seen.

The characteristic of an echo signal can best
be observed from Fig. 8 which shows the
difference in distribution of a target echo plus
reverberation and reverberation alone. Rice?
has shown that the distribution of the envelope
amplitude of

I =9 cos pt+1y

where Iy = 3™ C, cos (0.t —9,) as m —> ~ that
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is, a tone pulse noise, is given by

W(X) ::é exp (#) Ih (X—ﬁ) ...(6)

ag
where X* = @ +1 ) +1,
I. = component of Iy in phase with cos pt.
I, = component of Iy in phase with sin pr.

o =17

X0 .
(h (—r) is the Bessel function of zero order.

W(X) is plotted against X/ /o in Fig. 8 for
values of @/4/ o =0 (Rayleigh distribution)
and 3; iw. signal/noise ratio of 0 and 3/4/2
respectively. These are then compared with
D/y/o" =0 and /3 where o is such that
the “mode” of the tone plus noise (N,) is the
same as noise N, (= 3 N,) alone.

It was not possible to separate the noise (or
reverberation) and the tone (or target echo) and
thence plot the distributions obtained from the
experimental results, as in the case of reverbera-
tion alone. To isolate the echo signal by a very
narrow band filter (minimum bandwidth = 1/
sweep interval) of say 3 or 4 cycles bandwidth
the linearity of sweep must be better than 3 or
4 parts in 10,000. This was more than could be
expected of the system used, the linearity of
which was estimated at about 0'5 per cent., i.e.
50 ¢/s. The 100-c/s bandwidth filters were thus

————
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Fig. 8. Comparison between distributions for noise
and noise + single tone.
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about the minimum which could be used with
this particular system. The linearity of fre-
quency sweep required is of course a serious
practical disadvantage of f.m. echo ranging
systems.

Thus we can only compare the form of dis-
tribution obtained in practice with the distribu-
tion which can be calculated theoretically for
similar (though not exactly the same) conditions.
The immediately obvious difference between the
two theoretical curves of “noise” and “noise
plus tone™ of Fig. 8 is the well-known fact that
the mean value of X is different and it is usually
because of this that a target is detected®. Two
other features are of importance however. The
peaks of amplitude for “noise” and “noise plus
tone” follow curves which are very similar in
shape although the probability of a peak of
signal plus noise being greater than noise alone
may be considerable, depending upon the
signal/noise ratio. Because of this, the only
information which can be obtained from an
observation of the peaks of the envelope is that
one channel may have a larger signal than the
other. This could be due to either the presence
of a tone or a higher level of reverberation com-
pared with other channels—which is not
unusual,

Comparing now the two curves for signal
amplitudes less than the mean, it will be seen
that their shape is quite different provided the
signal to noise ratio is moderately large. This
difference is most noticeable in the f.m. display
picture of Fig. 9. A reverberation signal pro-
duces a column, corresponding to each analyser
channel which tends to be filled to the bottom
showing there is a high probability of a signal
falling to very low values (c.f. distribution for
noise alone in Fig. 8). When a target echo is
present however, the change in distribution is
more marked for the amplitudes which are less
than the mean value than for those which are
greater than the mean. The detection of an
echo signal in a “noise” background can thus
be made cither by the change in the mean level
(normal method for pulse systems), the increase
in the peak signals, or the decrease in the num-
ber of low level signal amplitudes—depending
upon the number of independent samples of
information available. There is no special signi-
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ficance in the change in the mean level for
different points in range nor for the change in
the peak amplitudes; these could be due to
either a target echo or a higher level of rever-
beration. To distinguish one from the other
requires additional information not always

REVERBERATION

i

2:5mSEC 156SEC!
| Envelope of output from a 100 ¢/s analyser
filter showing amplituae at time of being
sampled

TIME
—

/
SAMPLES OF RECTIFIED
OUTPUT FROM ANALYSER FILTER
RATE OF SAMPLING 40C TIMES
PER SEC

11 l
b
10YD
la— 140 YD ——

RANGE
| >

Hlustration of the formation of the f.m. display

Fig. 9. Example of f.m. display.

available. On the other hand, a change in the
low level probability is significant, being due
only to the presence of an echo.

Figures 10 and 11 illustrate these points. Let
us first consider Fig. 10, where it will be seen
that an =echo is present, indicated quite clearly
by the large amplitude signal in one channel as
compared with the others. The three pictures
are of the same echo, but the degree of smooth-
ing of the output from the detectors in the
scanning switch 1s different in each case. To
obtain these photographs, the tape recording
of the signal from the output of the range
equalizer (Fig. 1) was replayed into the analyser
filters, after modifications were made to the
detector circuit. In Fig. 10(a) the output of the
detector was shunted by an R-C network having
a low-pass cut-off frequency of 2c¢/s; in Fig.
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10(b) the cut-off frequency was 20¢/s and in
Fig. 10(c) was 100 ¢/s. Alternatively, one can
look upon the network as having a time constant
of 80 msec, 8 msec and 16 msec respectively.

(4)

(h)

()

Fig. 10. F.m. display showing the effect of smoothing
large signal, background ratio. (a) R.C = 80 msec,

approx. 0-6 sec exposure; (b) R.C = 8 msec, 06 sec
exposure, (¢) R.C = 1-6 msec. D6 sec exposure.

Thus the output from the detector was almost
completely smoothed in (a) when the mean
signal level was presented: partially smoothed in
(b) when the spread of amplitudes about the
mean was small; and in (¢) there was no smooth-
ing (other than the rejection of the “carrier”)
when the fluctuation in the amplitude was
unrestricted by the electrical networks.

The echo is clearly seen in each of the photo-
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graphs because of its amplitude relative to the
background level in the other channels, and con-
sequently it cannot be said that one form of
presentation is better than the other from the
pictures alone. This is because the integration
eifect of the photography is such that even the
unsmoothed display is excellent. Yet, at the
time the photographs were taken it was evident
that the smoothed display (a) was best because
the transient nature of the display and the
inferior integration of the long persistence
screen  reduced the detectability of the
unsmoothed echo. In fact, detection was
generally made by observing the base line in the
latter case to note if the line was broken - as in
(b) and (c)—due to the difference in the proba-
bility distribution. The conclusion was that
when the echo/background ratio was good the
smoothed display was the best form of
presentation.

It was also noted that when the echo/back-
ground ratio was small and the variation in the
background with range also small. the smoothed
display gave better results. This was rare how-
ever, because the background generally varied
considerably with range. (See Fig. 11.)

Here the echo/background ratio is small and
if only Fig. 11(a) were available one could not
be certain that a target echo were present be-
cause of the variation in the output level from
channel to channel. Observing now Figs. 11(b)
and (c) there is noticed a difference in channel
11, where the probability of a low level signal
is less than the probability of the same ampli-
tude occurring in the other channels. (Those
adjacent to channel 11 suffer slightly from the
overlap of the filter responses). From the
theoretical probability curves of Fig. 8, this
could only be due to a target echo as already
discussed. Thus we see that under such circum-
stances, a high degree of smoothing destroys
valuable information in the form of a proba-
bility distribution. These circumstances are of
course the ones existing at the stages of initial
detection in any system. Again, one should
remember that the photographic integration is
superior to that of a display, particularly when
the picture can only be viewed for a fraction of
a second rather than several seconds or longer.
At the time of taking these latter records the
unsmoothed display was in fact superior; this
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is the reverse of the case when the echo/back-
ground ratio was large.

Since subjective results are being discussed it
must be emphasized that insufficient subjective
tests were made to substantiate fully the con-
clusions given, but it is not difficult to see the
trends from the photographs.

Thus, although the general theory of
reference 1 suggests that an integrated display,
obtainad by using a smoothing filter, will
improve detection of a target echo, in practice,
ons has to be careful in choosing the type of
integration.

3.3. Rate of Receiving Information

1t was shown in reference I, and discussed in
Section 2 of this paper, that independent
samples of information are obtained on the
average once in every time interval of the reci-
procal of the analyser bandwidth. In this case,
the time is 10 milliseconds which is 1/60th of
the sweep time. Because the range resolution of
the pulse system was arranged to be the same as
that of the f.m. system, each independent sample
of information from an analyser filter was
equivalent in the pulse system to one sample
obtained from the same range element during
each transmission interval of 0-6 seconds, i.e.
the f.m. system received the same information
as the pulse system but in 1/60th of the time.

To show this, the same tape recording as
used for obtaining Fig. 10 was replayed and the
unsmoothed display photographed. This time
however, it was photographed for intervals of
10, 40, 100 and 600 msec. These photographs
can be seen in Fig. 12, During a 10 msec expo-
sure one should obtain on the average four
samples from the scanning switch but only one
sample of information. It will be seen that the
echo is detectable in the photograph (specially
chosen) but other photographs having a 10
msec exposure show that this is not always the
case; sometimes one can get four samples of
a low echo amplitude at the same time as four
samples of a high level of reverberation are
obtained from another channel. This is a ran-
dom process as in a pulse system.

Since the pulse and f.m. equipments were
designed so that either could be selected from
a two-way switch. the performance of the pulse
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system was regularly monitored. On such occa-
sions it was found that a single transmission
gave the same unreliable results as one single
sample of information from each analyser in the

(@)

(h)

(¢}

Fig. 11. F.m. display showing the effect of smoothing

—small signal/background ratio. (a) R.C = 80 msec,

approx. 0-6 sec exposure; (b) R.C = 8 msec, 0'6 sec
exposure; (¢) R.C = 1-6 msec, 0-6 sec exposure.

f.m. system. The comparison with the pulse
system is discussed in the Section 3.4,

The photograph having an exposure of 40
msec, corresponding approximately to four con-
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secutive pulse transmissions, shows the echo
more definitely, and here each randomly chosen
“40 msec” photograph showed a clearly defined
echo. This was expected as the echo/back-
ground ratio is high. The effect of integration
for 100 msec and then 600 msec is obvious. The
big gap at the bottom of the echo in the 40 msec
exposure picture was obtained by chance as can
be seen from the longer exposures of the same
echo.

The information received from one f.m. sweep
of 0-6 sec was thus equivalent to that obtained
from 60 uncorrelated pulse transmissions cover-
ing a period of 36 sec.

@)
Exposure 10 msec, i.e.
obtained in 1/60th of
swe:p time and s
cquivalent to one 12
msec pulse transmission,

)

duce a variation in the mean background level
nor a variation in the echo amplitude. Many
attempts were made before this was approached.

A recording of 30 pulse transmissions super-
imposed on each other is shown in Fig. 13
(approximately the same range bracket as for
the f.m. system is used) and these should be
compared with the f.m. recording of Fig. 10
made immediately after the pulse transmissions.

The ratio of echo level to the mean back-
ground level in the pulse system is not easy to
determine, but having taken 30 traces the mean
level of both the background and that of the
pulse are more readily estimated than for one

(b)
Exposure 40 msce, i.c.
obtained in 1/15th of
sweep time and s
equivalent to four 12
msec pulsc transmissions

@)

Exposure 100 msec, i.e.
obtained in 1/6th of the
sweep time and s
equivalent 0 ten 12
mseZ pulse transmissions.

Exposure 600 msec. i.e.
obtained during  one
complete sweep and is
equivalent o sixty 12
msec pulse transmissions.

Fig. 12. lllustration of the rate at which

3.4. Comparison with the Pulse System

In comparing now the f.m. results with those
of the pulse system it is first necessary to estab-
lish that both systems gave the same echo/
reverberation ratio. This was thought to be the
best method of determining the ratio of the
background returns from the two systems rather
than attempt to obtain absolute levels. The tar-
get, provided it is completely “illuminated” by
the pulse and frequency independent, will give
the same echo return irrespective of the system.

Because the two systems could not be
operated simultaneously, the recordings had to
be taken under conditions which did not pro-
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information is received.

trace alone. Remembering that the distribution
of amplitudes due to reverberation only, taken
at any one point in range, is approximately of
Rayleigh type, the mean of all the background
levels obtained can be estimated from Fig. 13
(2 kc/s bandwidth). Calling this 1 unit, the
meun echo level is measured as 3-5 from which
the mean echo/mean background ratio is 3-5.
This method is chosen as it can now be com-
pared easily with the ratio of mean echo level

mean background level for the f.m. system
shown in Fig. 10(a). The amplitudes shown are
mean values and the ratio is found to be 3-3.
The difference between 3-5 and 33 is not con-
sidered significant, and it can be fairly safely
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10 consecutive transmissions 20 consecutive transmissions 30 consecutive transmissions
obtained in 6 sec. obtained in 12 sec. obtained in 18 sec.

12 msec pulse; receiver bandwidth 200 c/s.

12 msec pulse: receiver bandwidth 2 kc/s.

Fig. 13. Improvement in the certainty of detection with increase in the number of pulse transmissions.
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L, KAY

assumed that the two systems had the same
echo/background ratio within the limit of the
design parameters. The f.m. filters were to some
extent accepting reverberation from the adjacent
channels and thus should have a poorer echo/
background ratio.

The build-up of information concerning a tar-
get echo is clearly seen from the 10, 20 and 30
consecutive pulse transmissions. Correlation
between consecutive traces was found to be
almost zero, and since the target echo remained
at the same range the effect is very similar to
what would have been obtained from the
addition to 30 pulse transmission returns, each
of a different frequency, as in a multi-pulse
system, but all transmitted at the same time.
In the latter case the result would have
resembled the mean amplitude of the 30 super-
positions and it is this which one observes when
detecting a target echo.

The similarity between the presentation and
build-up of information in the two systems is
thus shown to be in keeping with the theoretical
treatment. Other forms of presentation could
have been used but perhaps not with the same
degree of flexibility. Had a shorter pulse been
used. thus employing a wide bandwidth and
providing a higher degree of resolution, the
reverberation level would have been reduced
accordingly. This would have increased the
echo-reverberation ratio and the system would
have given comparable results with fewer trans-
missions. As these features of the pulse system
are well known, experimental results obtained
along with those described are not discussed.

4, Conclusion

Although the tests carried out still leave
much to be desired, the results obtained are
considered sufficient to justify the assumptions
made in the theoretical discussion of the
author’s earlier paper. The presentation of the
experiments has been designed to improve the
understanding of an f.m. system and link it
more closely to the pulse system, so that critical
comparisons can easily be made.

In practice there are bound to be discrepan-
cies, and these were certainly present in the
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results obtained, but generally they were of a
second-order nature and could be neglected
when compared with the unpredictable varia-
tions which are constantly taking place in any
echo-ranging system. Complex targets which
produce two or more discrete echoes will not
appear in the output as a single tone, nor will
an echo pulse appear as a single rectangular
pulse. Interference due to overlapping echoes
will be just as detrimental to the pulse system as
will multi-tone echoes in the f.m. system. In
fact, neither system behaves in an ideal manner
and this should always be remembered.

It is thought that the experimental results
clearly establish that (i) for a given range resolu-
tion, the f.m. system can give equally good
detection information at a much faster rate than
the pulse system, (ii) for a given range resolu-
tion and time of observation, the f.m. system
can give a much more certain detection. The
improved performance of the f.m. system is
obtained because it can normally have a much
wider frequency band: if however the pulse
system also has a wide band (and therefore
either a very short pulse, or multiple pulse
channels) its detection performance over a
period of time at least equal to one pulse repe-
tition period should equal that of the f.m.
system.
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NATIONAL AND INTERNATIONAL ORGANIZATIONS

Valve and Semi-conductor Manufacturers’
Organizations

An announcement from V.A.S.C.A.—the
Electronic Valve and Semi-Conductor Manu-
facturers’ Association formred last year (see
Journal for November 1959, page 678)—indi-
cates that the Association now has 15 members.
The Association has taken over from B.V.A.
(the British Radio Valve Manufacturers’ Asso-
ciation) responsibilities for semi-conductors and
industrial valves and tubes, the B.V.A. continu-
ing its separate interest in domestic valves and
television tubes. The first Chairman of the
Association is Mr. G. A. Marriott, Immediate
Past President of the Institution.

The British Electrical & Allied Manufac-
turers’ Association has established a Semi-
Conductor Devices Section in recognition of the
repid technical advance in semi-conductors and
their increasing application for power and
industrial purposes. The formation of this Sec-
tion will provide within the Association an
expert body to guide manufacturers of semi-
conductor devices on matters of industrial
policy. The Section will co-operate closely with
V.A.S.C.A., and among its important objectives
will be the work of fostering standardization of
semi-conductor deviczs, both on a national and
international basis.

New Chairman for the Frequency Advisory
Committee

The Postmaster General has accepted the
resignetion of Sir Lawrence Bragg. O.B.E..
M.C.. F.RS,, from the Chairmanship of the
Post Office Frequency Advisory Committee.
Sir Lawrence, the Resident Professor and
Director of the Davy Faraday Laboratory of the
Royal Institution, has been Chairman of the
Committee since it was first set up in 1958%*,
and he is retiring from the appointment because
of his many other commitments.

In his stead, the Postmaster General has
appointed Dr. R. L. Smith-Rose, C.B.E., who
retired from the position of Director of the
D.S.I.LR. Radio Research Station at the end of
September.

The present membership of the Frequency
Advisory Committee includes Captain F. J.

* See J. Brit.l.R.E., 18, page 6, January 1958.

October 1960

Wylie, R.N. (Retd.) (Member), nominated by
the Chamber of Shipping and Liverpool Steam
Ship Owners’ Association, and Mr. J. R.
Brinkley (Member) who represents the Elec-
tronic Engineering Association.

Fourth Report of Mobile Radio Committee

Recommendations for increasing the number
of v.h.f. channels for mobile radio users have
again been made by the Mobile Radio Com-
mittee in its Fourth Report, recently approved
by the Postmaster General. Last year the Com-
mittee drew up a programme for reducing the
width of channels in the low band (approxi-
mately 70-88 Mc/s) to 25 kc/s; now the same
channel width is to be adopted as standard for
the high band (165-173 Mc/s). This will produce
90 more channels in the high band during the
five-year changeover period specified in the
Fourth Report. The changeover to the narrower
channels begins on the Ist January 1961.
Thereafter, all new land-mobile systems in the
high band will have to use equipment meeting
the 25 kc/s specification.

Internatienal Co-ordination of Time and
Frequency Services

Co-ordination was begun early this year be-
tween the United Kingdom and the United
States in order to help provide a uniform systzm
of time and frequency transmissions, which is
needed in the solution of many scientific and
technical problems in such fields as radio com-
munications, geodesy, and the tracking of
artificial satellites. Participating in the project
are the Royal Greenwich Observatory, the
National Physical Laboratory, and the General
Post Office in the U.K. and, in the U.S.A., the
U.S. Naval Observatory, the Naval Research
Laboratory. and the National Bureau of Stan-
dards.

The transmitting stations which are included
in the co-ordination plan are GBR and MSF at
Rugby, England, NBa, Canal Zone, wwyv, Belts-
ville, Maryland and wwvh, Hawaii. It is
expected that by the end of 1960 the time signals
from all the participating stations will be
emitted in synchronism to the thousandth of a
second. Such accuracy has been needed for some
time in tracking artificial satellites on a world-
wide basis.
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Radio Engineering Overseas . . .

The following abstracts are taken from Cominonwealth, European and Asian journals received by
the Institution's Library. Members who wish to consult any of these papers should apply to the
Librarian, giving full bibliographical details, i.e. title, author, journal and date, of the paper
required. All papers are in the language of the country of origin of the journal unless otherwise
stated. The Institution regrets that translations cannot be supplied; information on translating
services will be found in the publication “Library Services and Technical Information.”

RECEIVER FOR A RADIO TELESCOPE

A simple superheterodyne receiver which has
been developed for use with a radio telescope in
Holland, operates at frequencies between 200 and
500 Mc/s and which has a noise factor of only
F = 2-5 at 400 Mc/s. The high frequency ampli-
fier contains two disc-seal triodes in cascode, which
provide a very high gain, and the noise contribu-
tion from the second valve is virtually eliminated.
The detector is a constant-impedance type; the
local oscillator is stabilized at 400 Mc/s with a
quartz crystal. These and other measures make the
receiver so stable that its sensitivity is stated to
remain constant for weeks on end. The receiver
has an optional bandwidth of 10 Mc/s or 1 Mc/s
and the time constant is variable between 0-1 and
10 sec. The methods used to determine the noise
factor and calibrate the detector and antenna are
described. Finally, various radio-astronomical
observations are discussed, mostly carried out with
the 25 m parabolic reflector at Dwingeloo. The
isophot chart of the sky, reproduced in the paper,
provides the most detailed available information
on the structure of our Galaxy at 400 Mc/s.

“A 75cm receiver for radio astronomy and some
observational results,”” C. L. Seeger, F. L. H. M.

Stumpers and N. van Hurck. Philips Technical
Review, 21, No. 11, pp. 317-33, 1959-60. (In English.)

INTERFEROMETER RADIO TELESCOPE

The Radio and Electrical Engineering Division
of the National Research Council of Canada has
constructed a radio telescope which has a single-
lobed, fan-shaped receiving pattern formed by
combining several individual interference patterns.
The aerial is 600 feet long and has a pattern which
is 2 degrees N-S by 1-2 minutes E-W at an operat-
ing wavelength of 10 centimetres. It is used for
solar noise observations at the N.R.C.s radio
astronomy observatory at Goth Hill, near Ottawa.
Preliminary interpretations of some of the scanning
curves of the solar disk suggest that the E-W
extent of the radio emissive regions associated with
the sun-spots is seldom smaller than 1-5 minutes

of arc.

“A compound interferometer,” A. E. Covington,
Journal of the Royal Astronomical Society of Canada,
54, pp. 17-28, 58-68, February and April, 1960.
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WAVEGUIDE FILTERS

The problems in the construction and in the
design of tuneable cavities made from obstruc-
tions in homogeneous rectangular waveguides for
low power transmissions and medium bandwidth
requirements have been investigated at the Univer-
sity of Tiibingen. Design charts were derived from
the equivalent parallel-tuned circuit of capacitively
tuned cavities. The use of conventional obstruc-
tions for the design of tuneable cavities results in
substantial bandwidth variations caused by the
frequency response of the admittance values of
the obstructions. The bandwidth variations
occurring during a capacitive tuning and obtained
from cavities made from inductive posts were
investigated with the aid of these charts and the
results confirmed by series of measurements.

“*Matched and tuneable cavities as circuit elements

for waveguide filters,” H. Urbarz, Nachrichtentech-
nische Zeitschrift, 13, pp. 383-91, August, 1960.

GAS DISCHARGE INDICATOR TUBE

For the read-out of transistor scaling circuits
there is a need for indicator tubes (which do not
themselves count) capable of being operated by
low-energy signals of a few volts. The tube
described in a recent Dutch paper has a flat
annular cathode whose surface is divided into ten
sectors, and a ring-shaped anode; the tube is filled
with neon+0-1 per cent., argon at a pressure of
about 15 cm Hg. A gas discharge (anomalous glow
discharge) is initiated at the desired place in the
tube by means of one of ten auxiliary electrodes
(triggers). The control signals supplied by the
transistor circuit need only make the potential of
the relevant trigger differ by 5 V from that of the
(earthed) anode. The current of the auxiliary dis-
charge required to initiate the main discharge is
50 microamps. The displacement of the main dis-
charge to any desired position, corresponding to a
given count, is made possible by the periodic
extinction of the discharge. To this end the tube
is fed with an unsmoothed, rectified alternating
voltage, obtainable, for instance, from the mains.

“A gas-discharge indicator tube for transistorized

decade counting circuits,”” Philips Technical Review,
21, No. 9, pp. 267-75. 1959-60.
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HELICAL TRANSMISSION LINES

Theoretical investigations are described in a
German paper on waveguide modes in helical
transmission lines with any type of external
medium and with a consideration of a finite wire
thickness of the helix. It has been assumed that
in all cases the wavelength in the guide is much
larger than the axial distance between the centres
of adjacent wires. Points of discussion are: the
effect of the external medium on the application
of the helical line as a waveguide, the performance
as a mode filter in the transmission of an H-mode
wave and the rotation of the plane of polarization
of linearly polarized waves. Waveguides consisting
of axially assembled, mutually insulated metal
rings, and metal tube waveguides provided with a
helically cut groove on the inner surface, are
treated as special forms of helical waveguides.

*Helices as transmission lines for waveguide modes,”

G. Piefke. Nachrichtentechnische Zeitschrift, 13,
pp. 335-41, July, 1960.

A WIDE-BAND DISTRIBUTED AMPLIFIER

A paper from the Hamburg Institute of Broad-
casting Techniques describes a distributed ampli-
fier, the frequency characteristic of which is dimen-
sioned according to Tschebyscheff behaviour and a
set of equations is obtained for a two-valve dis-
tributed amplifier, for which an approximate solu-
tion is given. For a limiting frequency of 300 Mc/s
the paper subsequently calculates the various
components of the amplifier, its frequency
characteristic as well as the frequency characteris-
tics of the grid and anode chains alone. General
formulae are found for distributed amplifiers with
any given number of valves, and the possibilities of
zero compensation are discussed. A two-valve
distributed amplifier was constructed for the pur-
pose of verifying the theoretical results. The fre-
quency characteristics of the grid and anode
chains followed in the main the calculated curves.
On the experimental frequency characteristic of
the overall amplifier, which shows the expected
Tschebyscheff fluctuation, there is initially super-
imposed an increase in amplification with fre-
quency, which, however, may be considerably
reduced by suitable measures. The remaining
increase is explained theoretically. A comparison
of the Tschebyscheff amplifier with the usual type
of distributed amplifiers shows an amplification
that is greater by the factor 1-84. The paper con-
cludes with a discussion of the cascading of
several distributed-amplifier stages.

“Increasing the gain of wide-band distributed ampli-
fiers by compensation of its null point and arrange-
ment of the remaining poles of a Tschebyscheff

ellipse,” V. J. Koch, Archiv der Electrischen Ubertra-
gung, 14, pp. 348-60, August, 1960.
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THE TRIANGULAR “V” AERIAL

An aerial has been described by the Professor
of Electrical Engineering at Adelaide University
which consists of a transmission line uniformity
expanded in cross-section, of constant charac-
teristic impedance and whose open end is a large
aperture. It has a frequency range of 3-4:1, with
good matching, no beam splitting and gains at the
high-frequency end of the order of 18 db. With a
square aperture either singly or in groups of four
it forms a useful u.h.f, beacon aerial; with aper-
tures of large width to height ratio it forms a good
substitute for the rhombic aerial.

*“The triangular *V’ aerial,” E. O. Willoughby. Pro-

ceedings of the Institution of Radio Engineers, Austra-
lia, 21, No. 8, pp. 517-23, August, 1960.

DIRECT FREQUENCY MODULATION OF A
TRANSMITTER BY MICROPHONE

A device is described in a German paper in
which a capacitor microphone used for the fre-
quency modulation of a high frequency oscillator
is simultaneously employed as an electrostatic con-
trol element for maintaining a constant mean fre-
quency of oscillation. With the aid of theoretical
investigations and measurements on a small com-
mercial v.h.f. transmitter it is shown that this
arrangement may be used with particular advant-
age in the case of miniature transmitters and radio-
microphones and that this can be achieved with
little effort. A control ratio of 1:30 is possible.

“Improvement of the frequency stability of a high
frequency oscillator frequency modulated by means
of a capacitor microphone,” H. Maier, Nachrich-

tentechnische Zeitschrift, 13, pp. 436-40, September
1960.

MULTI-CHANNEL TRANSMISSION

A French engineer has described a newly
designed equipment for the transmission of binary
data, on a time-division basis, upon one telegraph
channel. This fully transistorized equipment
makes it possible to transmit sequentially either 12
telemetering signals with an accuracy better than
1 per cent., or 12 groups of 6 remote-indications
of the make-and-break type, or any combination
of both signals, within the limits of the capacity
of the system. Taking into account the signals
used for synchronization, information is sampled
every two seconds. However, if a channel band-
width higher than 120 c¢/s is available, the trans-
mission speeds can be significantly increased. The
same system can handle remote control signals in
the reverse direction when it is supplemented by
checking devices intended to provide a very high
reliability of operation.

“A new multi-channel system for data transmission,”

M. Soubies-Camy. Onde Electrique, 40, pp. 525-42,
July-August, 1960,
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TRANSIENT BEHAVIOUR OF TRANSISTORS

A member of the Institution working in
Holland has recently published a detailed analysis
of the transient behaviour of alloy junction tran-
sistors both when switching on and switching off.
The approach to the investigation of the inherent
problems is via an extensive study of concentration
patterns, thus allowing a qualitative and in many
cases a semi-quantitative analysis of the transient
behaviour. Detailed discussion of this behaviour
is preceded by an analysis of the steady-state con-
ditions. The consequences of voltage feed, current
feed and quasi-voltage feed are dealt with at some
length. Subsequently the relation of the transistor
switching parameters to the more conventional
parameters are discussed. Finally, the influence of
transistor symmetry is investigated and an electri-
cal equivalent circuit is given for large-signal
operation. Junction diode “reverse recovery” is
also dealt with, thus explaining similar phenomena
occurring in transistors for switching purposes.

“Transient behaviour and fundamental transistor

parameters.” C. 1. le Can. Electronic Applications,
Eindhoven, 20, No. 2, pp. 56-83, 1960.

TELEVISION PICK-UP DEVICES

The April 1960 issue of the French journal Acta
Electronica is devoted to a series of papers on
multiple-beam cameras and transistorized video
frequency ejuipments,

The titles are:

“Television pick-up devices: muitiple-beam cameras
and transistorized equipments.” R. Geneve.

“Multiple-beam cameras. The main problems
encountercd with these pick-up devices.”” P. Billard.

“Optical combinations with a constant extension.
Their application in muitiple-image cameras,” P.
Billard and M. Oliffson.

“The computation of transistorized video ampli-
fiers.”” M. Audebert.

“Transistorized preamplifier for television cameras,”
L.. Enselme.

“Transistorized generator of television synchroniza-
tion and blanking signals,” J. Borne.

A transistorized portable television camera.” J. M.
Fourno! and L. Enseime.

“An electronic view-finder for
cameras.” P. Billard and J. Maillard.

“A double standard television camera,” P. Billard,
L. Enselme, J. M. Fournol and M. Oliffson.

The authors are all members of the staff of the
Laboratories d’Electrigue et de Physique Appliquée
of Paris.

Acta Electronica, 4, No. 2, pp. 127-314, April, 1960.

motion-picture
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AUTOMATIC CHARACTER RECOGNITION

Automatic character recognition is mainly
applied at present to number processing. The
reason for this is that on the one hand the number
of the different characters is small and that on the
other hand large quantities of information are
available which have to be processed quickly and
reliably. In this case the character reading device
serves as an input unit for the data processing
equipment. General considerations of the require-
ments which a character reading device has to fulfil
are discussed in a recent German paper using an
example of cashless financial transactions, A
character reading device for typewritten figures is
described which scans the figures by an optical
method and stores these figures in their natural
form. A shift register, which automatically feeds
the figure information during the shift process
correctly into the subsequent recognition circuit,
is used as a store.

*A character reading device for typewritten figures.”

W. Dietrich. Nachrichtentechnische Zeitschrift, 13,
pp. 317-20, July, 1960.

MEDBICAL AND BIOLOGICAL ELECTRONICS

In the July 1960 issue of the Proceedings of the
Institution of Radio Engineers, Australia, a group
of five short papers is published which formed a
symposium on medical electronics at the 1.R.E.
Radio Engineering Convention in Melbourne last
yedr:

“Electronics in electrophysiology.” Mollie E. Hol-
man. (A brief introductory review is given of the use
of electronics in the study of nerve and muscle celis.)

“Isolation of output of a pulse generator.,” I. D.
Pugsley and B. M. Johnstone. (Shiclded r.f. coupling
to an isolated probe permits pulse stimulation of bio-
logical tissue without coupling to the pick up elec-
trodes. Pulse amplitude up to 50 V and durations be-
tween 10 microsec and 100 millisecs are available.)

*A precision constant current supply,” J. Filshie.
(A unit has been developed with an output current of
1-10 ma constant to better than | per cent. for periods
of up to one hour.)

“The design of direct coupled pre-amplifiers,”
L. Dally, B. M. Johnstone and I. D. Pugsley. (Two
hybrid (electrometer) triode-transistor amplifiers are
discussed. Positive feedback effectively reduces the
input capacitance of one amplifier. The analysis of
this feedback is given.)

“Measurement of arterial blood pressure,” J. R.
Goding. (Arterial blood flow is described in terms of
an electrical analogue. It may be measured by a small
transducer consisting of a moving ferrite core which
varies the coupling between two coils.)

Proceedings of the Institution of Radio Engineers.
Australia, 21. No. 7. pp. 457-69. July, 1960.

Journat Brit.I.R.E.





