This document was generated by me, Colin Hinson, from a document held at R.A.F. Henlow
Signals Museum and is believed to be out of copyright or Crown Copyright . It is presented
here (for free) under the Open Government Licence (O.G.L.) if under Crown Copyright and this
version of the document is my copyright (along with the Crown Copyright) in much the same
way as a photograph would be. If you believe the document to be under copyright, please
contact me.

The document should have been downloaded from my website https://blunham.com/Radar,
if you downloaded it from elsewhere, please let me know (particularly if you were charged for
it). You can contact me via my Genuki email page:
https://www.genuki.org.uk/big/eng/YKS/various?recipient=colin

You may not copy the file for onward transmission of the data nor attempt to make
monetary gain by the use of these files. If you want someone else to have a copy of the file,
point them at the website. It should be noted that most of the pages are identifiable as
having been processed my me.

| put a lot of time into producing these files which is why you are met with the above when
you open the file.

In order to generate this file, | need to:

1. Scan the pages (Epson 15000 A3 scanner)
. Split the photographs out from the text only pages

w N

Run my own software to split double pages and remove any edge marks such as punch
holes

Run my own software to clean up the pages

Run my own software to set the pages to a given size and align the text correctly.

Run Omnipage (Ultimate) on all the pages to OCR them.

Generate a searchable Acrobat pdf file.

N o v s

Hopefully after all that, | end up with a presentable file, though | can’t guarantee there aren’t
errors in the OCR. If you find missing pages, pages in the wrong order, anything else wrong
with the file or simply want to make a comment, please drop me a line (see above).

It is my hope that you find the file of use to you personally — | know that | would have liked to
have found some of these files years ago — they would have saved me a lot of time !

Colin Hinson
In the village of Blunham, Bedfordshire.






CONTENTS

Page
A TRANSISTOR HEARING AID
H. Thwaite, B.Sc., AM.LE.E., and E. Aspinall, B.Sc.... ........ . ... . i i 163
AN INTRODUCTION TO PRINTED CIRCUITS AND THEIR APPLICATION TO TELECOMMUNI-
CATIONS—J. W. Willmot, A.M.Brit.LR.E.. .. .. ... i i 170
A PORTABLE EQUIPMENT FOR ANALYSING TRAFFIC AT NON-DIRECTOR AUTOMATIC
TELEPHONE EXCHANGES—K. Myersand P. H. Skinner. .. .......... ... ... iiiiiiiinnn.. 176

A MEDIUM-DISTANCE, BUILT-IN OUT-BAND SIGNALLING, CARRIER TERMINAL EQUIP-
MENT, Part 2—Description of Equipment—E. T. C. Harris, B.Sc.(Eng.), AAM.LLE.E., and K. C. A.
King, Associate LE.E.. .. .. ... . e e 179

THE POST OFFICE AND THE SUPPLY OF ELECTRICAL ENERGY BY STATUTORY AND
NON-STATUTORY UNDERTAKINGS IN THE UNITED KINGDOM—S. J. Little, M.LE.E..... 184

WAVEFORM DISTORTION IN TELEVISION LINKS, Part 2—The Measurement and Correction of

Waveform Distortion—I. F. Macdiarmid, A M. LE.E... . ... ... . ... ... .. . i i, 188
GENERATION OF METER PULSES FOR THE AUTOMATIC TELEX SERVICE

JoH. Colling, A ML LE. E. ... ...ttt ittt et e e e e 196
C.ML.1. VALIDATION AT FREIBURG, WEST GERMANY,JUNE 1959 ........................... 198
A CODE TRANSLATOR FOR LETTER-SORTING MACHINES

J.D. Andrews, AL ML LE. E.. ... .. e e e et 199
FIRST INTERNATIONAL CONFERENCE ON INFORMATION PROCESSING AT PARIS, JUNE

B8 e et e et 206
EXPERIMENTAL EQUIPMENT FOR MEASURING GROUP DELAY IN THE FREQUENCY

BAND 3:8-4-2 G¢/s—R. J. Turner, B.Sc.(Eng.), AM.LEE........... ... ... .. ..o i, 207
RENEWAL OF RELAY-SPRING CONTACT S . . . ittt ittt et e et e et e 211
THE PRINCIPLES AND POSSIBLE APPLICATION OF SOME AMPLIFIERS OF LOW INTRINSIC

J 1 2 1 212
LONG-DISTANCE TRANSMISSION BY WAVEGUIDE. . ... ... ... .. i, 213
THE POST OFFICE TYPE 4 UNISELECTOR

)3 R TR\ ¥ -1 1) 171V G 215
PARCEL-LABEL PRINTING AND ISSUING MACHINES

H.E. Whittonand R. D. Gibbon. . .. ... ... .. et 218
NOTES AND COMMEN S . . ..ttt it e et e e et e e et et et c e 221
INSTITUTION OF POST OFFICE ELECTRICAL ENGINEERS. .. ... ... ... . i, 226
REGIONAL NOTES . .ottt ettt e e et e et e et e e e ettt 227
ASSOCIATE SECTION NOTES . ... i e e e e e et et e ey 231
STAFF CHANGE S . . .t e e e e e e e e et e e et et 234
BOOK REVIEW S ..t e et it e 175, 178, 187, 205, 214, 220

Price 2'6 net



THE POST OFFICE
ELECTRICAL ENGINEERS JOURNAL

Vol. 52 Part 3

OCTOBER 1959

A Transistor Hearing Aid
H. THWAITE, B.sc., A.M.I.LE.E., and E. ASPINALL, B.sc.*

U.D.C. 621.395.92:621.382

The need to reduce the size and weight of hearing aids has been
emphasized by the increasing use of these aids by young children.
The advent of reliable transistors suitable for large-scale production
has enabled the Post Office, in collaboration with a manufacturer,
to produce a National Health Service hearing aid in which the
microphone, amplifier and single-cell battery are contained in one
case, the total weight, including the earphone, being 3} oz.

INTRODUCTION

EFORE describing the new transistor hearing aid
Bissued to children under the National Health

Service, it is of interest to review briefly the progress
which has been made in Medresco* hearing aids since
the publication in this Journal' of the previous article
on the subject.

Throughout the history of the Medresco valve-type
hearing aids supplied under the National Health Service,
the need for reducing size and weight has been an
important design consideration. The last version of the
aid, made available in 1955, is the Mark IIIA, in which
the size and weight of the batteries was considerably
reduced by using valves of lower filament current con-
sumption and a more efficient earphone, which made
possible a reduction in the h.t. current. It is unlikely
that any new version of the valve-type aid will be
introduced.

Both L.t. and h.t. batteries are now approximately half
the size and weight of those used in the Mark ITA design
and probably represent the minimum economic size.
The batteries normally issued to a patient consist of
one h.t. and five L.t. batteries and these are sufficient to
last 3 months when the aid is used for 15 hours per day.
The complete aid weighs 11b 2 oz, of which 13 oz is
accounted for by the batteries and their pouch.

The overall effect of the changes on the acoustic per-
formance was to increase the efficiency in the middle-
frequency range at the expense of a lower cut-off fre-
quency, because of the use of the new earphone.

Approximately 300,000 Mark IITA aids are now in
use and large numbers continue to be issued to new
patients. It is evident, therefore, that this type of valve

+ The authors are, respectively, Senior Executive Engineer,
Subscribers” Apparatus and Miscellaneous Services Branch,
E.-in-C.’s Office, and Senior Executive Engineer, Post Office
Research Station.

* Medical Research Council.

ICAMERON, C. J., and Avers, E. W. The Medresco Hearing
Aid. P.O.E.E.J., Vol. 44, p. 153, Apr. 1952,

aid will remain in use and continue to give good service
for as long as it is possible to carry out economic repairs.

There is, however, a growing tendency to prescribe a
hearing aid for children at a much earlier age than
previously—even down to 12 months—for whom a
heavy and bulky aid is an added handicap. It was for
this reason that a new valve aid, the Mark IV, was
produced in 1955 for issue exclusively to children. It was
of the “monopack™ type, having miniature h.t. and 1.t.
batteries accommodated inside the amplifier case, there
being no separate battery pack. The case was slightly
larger than that for the amplifier of previous aids,
although several components had been redesigned to
provide extra space for the batteries. The total weight
of 5} oz was achieved at the expense of a running cost
three to four times that of a Mark II1A aid. A free-issue
set of small batteries, i.e. one h.t. and 10 L.t., lasted only
3% weeks when used for 15 hours per day. A small
quantity of the Mark IV aid was produced and sent for
trial at selected schools in mid-1955. It was the intention
of the Ministry of Health to issue the aid to all deaf
children if it proved satisfactory.

The prospect of using transistors for this sort of
hearing aid, where lightness and small size are particu-
larly important, had not been encouraging up to this time.
There was no British production capacity capable of
supplying transistors in such quantities as would be
required for Medresco needs, and they were relatively
expensive. Most of the manufacturers interested in
transistor production were still at the experimental stage
and only one was known to be planning large-scale
production.

It was not until towards the end of 1955 that sufficiently
encouraging results were obtained from accelerated life
tests conducted at the Post Office Research Station on
sample junction transistors to justify embarking on a
large-scale trial. Prices and facilities for quantity
production also appeared to be favourable. Accordingly,
at the 1equest of the Ministry of Health, the development
of a transistor hearing aid was undertaken by the Post
Office in collaboration with a manufacturer.

In considering the various Medresco aids then in
existence from which to choose a suitable type for
converting to a transistor design, the monopack Mark 1V
model offered savings and obvious advantages. It was
decided therefore not to proceed with this particular
valve model but to introduce it as a transistor design to
be issued first to children.
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DESIGN OBJECTIVES

Following the publication of the special report by the
Medical Research Council on hearing aids,? experience
with Medresco aids led the committee concerned to revise
some of the recommendations. Additionally, the com-
mittee took into account the modifications required
when the recommendations were applied to the design
of hearing aids with insert earphones.

These recommendations resulted in a requirement for
a single air-to-air amplification/frequency curve rising
at about 8 db per octave over a frequency range of from
300c/s to at least 3,000c/s. The minimum air-to-air
amplification} at 750 c/s was required to be 52 db.

The amplification/frequency response which was
derived and used for specification purposes is shown in
Fig. 1, which also indicates the defined tolerance limits.
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FIG. 1—SPECIFIED FREQUENCY RESPONSE FOR HEARING AIDS

In addition to the maximum output sound pressure
of 200 dynes/cm? which was to be provided, the com-
mittee also required an alternative maximum output of
approximately 60 dynes/cm? which could be selected and
preset by the clinic.

Physical design of the aid as a whole was to be based
on experience gained during use of the valve monopack
aid, which had served to emphasize desirable features to
be included and weaknesses to be avoided; but ease of
production, use of readily available components and,
above all, the maximum permissible cost of the aid, were
also important factors which had to be taken into account.

The individual performance limits of the microphone,
amplifier and earphone were to be specified so that any
combination of a set of these three items, each taken
at random, would produce an air-to-air response within
the defined limits. That is, correcting the performance by
means of adjustment or selection of different components
would be rendered unnecessary and thereby allow flow-
line assembly methods to be used.

Investigation of the economics of different sizes and
types of battery led to the design of an amplifier circuit
powered by a single 1-5-volt Leclanché-type cell. It was,
infact, the physical dimensions of this battery whichlargely
determined the shape and size of the hearing-aid case.

% Medical Research Council Special Series, Report No. 261
(H.M. Stationery Office, 1947).

} Air-to-air amplification is the ratio of the sound pressure
developed by an earphone in an artificial ear to the free-field
sound pressure in which the aid is placed.
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DEVELOPMENT OF THE AMPLIFIER CIRCUIT

As the frequency range of a hearing aid should not
extend beyond about 4 kc/s it was clear that it would
be possible to make use of the grounded-emitter
rather than the grounded-base or grounded-collector
configuration because, potentially, a greater gain per
stage, either power or current, could thereby be
achieved. Not only would the use of grounded-emitter
circuits tend to reduce the number of stages but there is
also the incidental but important advantage that the
standing direct currents in the driving stages of the
amplifier would tend to be smaller than if one of the other
configurations were used.

Paramount in the design of a transistor-amplifier stage
is the consideration of the variation with temperature
of the operating point, i.e. variation of the collector
current and collector-emitter potential for a grounded-
emitter stage, with consequential variations in stage gain
and output. The point arises as follows. For the usable
region of the transistor characteristics, i.e. where they
are substantially linear, the following relationship very
nearly applies:

[ = Lo -+ och Ip
where I = total collector current,
I.o = collector current for zero base current,
wcp = current gain from base to collector,

Ir = base current.

The current I, is fundamentally temperature-depen-
dent to such an extent that it is approximately doubled for
each 7°C rise; it is thus possible that for low-power
stages I can vary by quite a large factor. When it is
considered also that irrespective of the type of coupling
used between stages there will always be some d.c.
resistance (R.) in the collector feed, it follows that the
collector—emitter potential of the operating point is also
liable to vary considerably because of the R:I drop in
potential from the (constant) battery voltage.

Apart from the obvious method of specifying the tran-
sistors to have an appropriately small upper limit for
Iceo, with a corresponding decrease in yield in manu-
facture and so an increase in cost, there are in principle
two simple ways of mitigating the effects of temperature
on the operating point. Firstly, the circuit can be arranged
so that I is so large that the contribution made by Zceo
is small at the highest temperature of use of the stage;
this method places a correspondingly small upper limit
on the value of the collector feed resistance R.. Secondly,
the value of . can be stabilized against changes in ..o
(by, for example, compensating the changes in ..o by
opposite changes in /). The first method is used to some
extent in the output stage of the hearing aid, where
relatively high values of I are required in order to obtain
sufficient a.c. power output, and in the interests of
economy in battery current the second method is used
in the driving stages.
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There are two commonly used stabilization circuits
when one battery supply is available. In the first circuit
(Fig. 2(a)), the stabilization action can be understood by
looking upon resistots R2 and R3 as a low-resistance
potential divider to fix the potential of the base of the
transistor independently of the base current, and at the
same time regarding R1 as a high-resistance feed to the
emitter of the transistor, thereby fixing the emitter
current independently of the transistor potentials. As the
collector current is very nearly equal to the emitter current
the transistor currents and potentials can be substantially
determined or stabilized by this sort of external circuit.
The degree of stabilization is, in fact, increased the greater
the ratio R./Rp is made, where Rp is the resistance of
R2 and R3 in parallel. Thus, either R: must be relatively
large, leading to a large voltage drop across it and so
leaving too small a portion of the battery-supply voltage
available between the collector and emitter of the tran-
sistor, or Rp must be relatively small, causing a large
current drain from the battery as well as introducing in
the a.c. transmission path a shunt loss across the input
to the stage in grounded-emitter configuration. This
first type of circuit is not suitable for a hearing aid with
single-cell battery supply.

The second type of stabilization circuit is shown in
Fig. 2 (b). When the collector current tends to increase,
the collector potential tends to decrease due to the
voltage drop in resistor R¢ and so the current through Rt
tends to decrease, i.e. the base current tends to decrease
and this in turn tends to decrease the collector current.
There is therefore a regulating action. In fact, the degree
of stabilization increases as the ratio Rc/(Rf + Rc)
increases. Although this second type of circuit does
not enable such high degrees of stabilization to be
achieved as does the first type (Fig. 2(a)) it does, never-
theless, enable a most useful improvement in stabilization
to be made without increasing the current drain from the
battery and without using extra components.

Output Stage

The design objective in terms of sound-pressure output
from the earphone of the hearing aid was 200 dynes/cm?2.
From a knowledge of the sensitivity of the earphone that
could reasonably be expected it was estimated that an
electrical drive for the earphone of about 2 mVA was
required. With a single-cell battery supply of 1-5 volts to
an ideal Class A stage the optimum a.c. load impedance
to achieve this output is 506 ohms, and the d.c. operating
current for this optimum load is 3-75 mA. Such values
made it possible to have the earphone itself as the elec-
trical load of the output stage, without placing unaccept-
able restrictions on the earphone’s impedance or d.c.
resistance or ability to carry the collector d.c. current
of the output stage.

As this value of collector current is high compared
with the values of I..o considered as acceptable upper
limits for transistor manufacturers, there is no great need
for stabilization of collector current in the output stage
against temperature variations. Accordingly, the simple
conventional means of providing base bias by an appro-
priate resistor (22,000 ohms) from the battery line to
the base is used.

The alternative (lower) power output is provided by
inserting a series resistor in the collector circuit.

Driving Stages
From the design objective of air-to-air amplification and

the estimated achievable sensitivities of microphone and
earphone it was readily seen that the necessary amplifier
gain could be achieved either by using transformer
coupling in a 3-stage circuit or by using resistance-
capacitance coupling in a 4-stage circuit. Consideration
of the requirements of the transformer with particular
reference to the impedance and d.c. resistance of the
primary winding led to the conclusion that either the
physical size of the transformer would be out of propor-
tion to the rest of the amplifier or the gauge of the wire
would be unduly fine, with attendant high fault liability;
furthermore, it was doubtful whether the initial cost of
the components in a 3-stage transformer-coupled circuit
would be less than that of a 4-stage resistance-capacitance
coupled circuit. It was therefore decided to concentrate
on the latter type of circuit.

Penultimate Stage

To ensure adequate current drive to the base input of
the output stage a suitable value of collector load resist-
ance (R. in Fig. 2(b)) is 1,200 ohms, and a suitable value
of bias resistor (Rf) from the collector to the base is
47,000 ohms. With this circuit the current gain of the
stage, i.e. the ratio

current output to the succeeding stage

current input to the junction of R¢ and the base

only varies by about 1 db for temperature changes from
about 18°C to about 40°C. Over the same temperature
range the collector current changes from about 650 1A to
about 900 xA. (It may be noted here that an unstabilized
stage operating over this same temperature range might
well have a variation of current gain as much as 6 db and
a variation in I from 250 pA to 800 nA.)

Other Driving Stages

Even if a manual gain control need not be provided, the
lower output requirements of the other two driving
stages have such a small effect on the choice of the
collector load resistor (R¢) and bias resistor (Rf) that
it is most convenient to have these other two stages the
same as the penultimate stage. Furthermore, the
provision of a manual gain control with a range of at
least 30 db between the second and third of the four
stages requires that the output of the second stage should
be large enough to drive the third (penultimate) stage
even when the gain control is at the minimum gain
position.

The 4-stage circuit, neglecting the effects of battery-
impedance feedback, would be as shown in Fig. 3. The

BATTERY (=)

12k -2k r2k
47k 47k 47k 22k
%’z 2 2 2
. : ! BATTERY (+)

FIG. 3—BASIC 4-STAGE AMPLIFIER CIRCUIT

coupling capacitors all have sufficiently high capacitance
to produce negligible effect on the frequency charac-
teristic of the amplifier. This is dictated by the fact that
miniature electrolytic capacitors must, for economic
manufacture, be allowed such a large tolerance range that
use cannot be made in any way of the capacitances for
controlling the shape of the gain/frequency characteristic.
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requirements, possible spread of transistor collector
currents and temperature effects.

For acceptance purposes the sensitivity/frequency
characteristic is measured on a sampling basis; every
earphone, however, is subjected to a factory check of
average sensitivity over three selected frequency bands,
and of impedance.

Microphone

While the crystal-type microphone is eminently suitable
for working into the high input-impedance of valve
circuits and has been in common use in valve aids, the
electromagnetic-type microphone was preferred for direct
working into the low input-impedances of transistors.
The microphone used in the transistor aid uses the same
magnetic system as the earphone, except for the material
of the magnetic diaphragm. In addition, it has an outer
diaphragm, of re-entrant shape, to increase the effective
area and hence sensitivity.

A Thuras tube for base resonance is included as part
of the rear-cover moulding and increases the sensitivity
at low frequencies. Connexion leads from the coil are
led out through the tube, and due allowance is made in
fixing the diameter of the tube to cater for the effect of the
thickness of the leads.

The coil is wound in synthetic-enamelled copper wire
of gauge not finer than 48 S.W.G. for ease of handlingand
reliability.

The response of a microphone may be seriously
mutilated by the effects of shape, structure and material
of a case and the method by which the microphone is
mounted in it. During the design, therefore, the effect
of the case and mounting arrangements were taken into
account so that the working response of the microphone
combined with the amplifier and earphone responses
would produce the desired air-to-air characteristic for
the aid. As in the case of the earphone, the limits of
acceptance of the microphone were, of necessity, as
narrow as practically possible. Fig. 9 shows the ideal
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FIG. 9—MICROPHONE SENSITIVITY,FREQUENCY CHARACTERISTIC
SHOWING LIMITS OF ACCEPTANCE

curve and permitted tolerances for the free-field response,
determined as the potential difference across a non-
inductive load of 2,000 ohms.

Every microphone is checked in the factory for sensi-
tivity and smoothness of response, and full measurements
are made in the laboratory on a sampling basis.

The microphone is suspended resiliently in the aid by
means of a rubber tyre which is fitted round the periphery
of the microphone and fixed to three locating pins
moulded in the amplifier chassis. The microphone
aperture is directly in line with the sound-entry grille
and acoustically sealed to it by means of a soft pad of
polyurethane. A second, small, pad of polyurethane
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is stuck to the back of the microphone to protect it from
violent physical shock.

Transistors

Within the limitations imposed by an uncomplicated
circuit, including minimum number of components, low
operating voltage and a simple assembly process—all
contributing towards an economic article, it was
necessary to specify accurately the spread in transistor
characteristics which could be tolerated in order to
achieve this purpose. No special methods, however, are
employed in the manufacture of the transistors for
Medresco hearing aids, the transistors being substantially
the same as the Mullard commercial types OC 70 and
OC 71.

Although ideally it would be preferable to specify the
same transistor for all stages of the circuit, the need to
secure an economic yield by normal production methods
made it necessary to select transistors on the basis of
performance to suit the requirements of one or other
stage in the circuit.

Broadly, therefore, there are two types, suitable either
for the output stage or for any of the driving stages, and
specified on a functional basis in terms of the perform-
ance under working condifions in the hearing aid.
Common tests are also specified to ensure high quality
of capsule seal, cleanliness of element, low noise factor
and mechanical robustness, etc.

To improve the yield even further, a manufacturer
may also supply, for up to 25 per cent of the total quantity,
transistors having reduced gain, provided they are
satisfactory in all other respects. So far, however, this
has not been found necessary.

The maximum permissible dimensions of the transistors
used are 55 mm in diameter and 16 mm in length of
body.

Battery

The battery used is a Leclanché dry-type 1-5-volt cell
with dimensions to British Standard 966 (Type D14).
The performance is defined in a Post Office specification
in which particular attention is paid to the maximum
acceptable impedance. The battery has a minimum life of
approximately 3 weeks when used in the aid for 8
hours each day. Free issues of batteries are made
by clinics. Batteries similar to those used in commercial
aids may be purchased from retailers.

Connector

The only external connecting cord is that to the ear-
phone. It is twin-twisted to suit the slimmer appearance
of the new earphone and covered with flesh-coloured
p.v.c. Each conductor consists of four tinsel strands laid
up on terylene or nylon centres to facilitate terminating
on the plugs. The plugs fitted at each end of the con-
necting cord are to British Standard and are polarized.

PERFORMANCE OF PRODUCTION AIDS

Typical maximum-gain/frequency air-to-air charac-
teristics of production aids are shown in Fig. 10.
Experience of the first large-quantity production proved
that very few aids were rejected for failure to reach the
minimum-gain requirement, the majority being well
above. It is not possible in practice, however, to make
use of the highest gains available, which are sometimes
as high as 75db at 2-3 ke/s, owing to the oscillation
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which occurs. This is particularly marked when the aid
is worn by children where rapid growth of the child makes
it difficult to ensure, without regular replacement, that
the earmould is always a close fit.

Fig. 11 shows the power-output/frequency charac-
teristic of a typical aid in terms of maximumr.m.s. output-
sound pressure at both full-power and half-power, as
measured in a 1-5 c.c. artificial ear. The level at which
the input/output relationship departs from linearity by
1 db (i.e. at approximately 10 per cent distortion) at 750
and 1,000 c/s is also given.

INDUCTIVE PICK-UP AID

A modified version of the standard transistor model
includes a pick-up coil and switch for use with the
inductive-loop systems now being installed in increasing
numbers in schools. The 3-position switch connects
either the microphone or the coil, or both microphone
(muted by some 20 db) and coil, to the amplifier input.
The latter facility was included to give a child some slight
sensation of immediate-surroundings air-borne sound
and thereby overcome the feeling of isolation which
might be experienced when using the aid with only the
coil connected in circuit.

Using the inductive-loop system the teacher addresses
the class through a noise-cancelling microphone the

output of which is amplified and fed into a loop per-
manently wired round the class-room. The system is
particularly useful for class instruction, being free from
interference from normal airborne room noise.

FUTURE TRENDS

The cost of Medresco hearing aids is of paramount
importance. Although at the outset of development the
cost of the transistors was a major portion of the total
cost of the aid, there has since been a considerable
reduction and, with savings in maintenance expenditure,
transistor aids should become as economical as valve
aids.

Now that the major requirement of providing aids for
children is being met, transistor aids are being produced
for issue to adults. Since, however, there are now
over half a million valve aids of all types in use, it will
be realized that it may be some years before they are
completely withdrawn from service as being un-
economic to repair and replaced by transistor aids. As
it is, valve aids continue to be issued to new users at the
rate of 4,000 per month.

It is also intended to produce transistor versions of the
current external-earphone and bone-conduction-receiver
types of valve aids as soon as possible. A new miniature
rocking-armature capsule receiver has been adapted for
use as an external earphone and its high sensitivity makes
it ideal for use with the new transistor amplifier. For a
bone-conduction aid a much greater output is required
from the amplifier; a minimum of 3 volts must be used
for the drive and it is extremely doubtful whether the
existing bone-conduction receiver, as used with the
current valve aid, will be entirely suitable. Thus, a
complete electrical and physical design is being under-
taken for this type.

Such aids as have been mentioned in this article should
satisfy the requirements of the majority of the deaf popu-
lation, but there remains the problem of the minority
groups of patients suffering from types of deafness for
which the characteristics of these aids are not suitable.
The first and probably the most important group in this
category is that of profoundly deaf children who find
that they require a greater output than the Medresco aid
will give. This raises the question of the protection of a
child’s hearing against unnecessarily high sound levels,
and the matter is under consideration by the Medical
Research Council.

There are also those patients suffering from nerve or
perceptive deafness, where background noise or unduly
loud sounds cause distress, and for whom some form of
protection is desirable. Whether automatic gain control
offers advantages over peak limitation in these cases is
not yet clear and further evidence is needed.
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surface on the growth side of electrolytic sheet. This
rougher surface is normally the side bonded to the
phenolic paper base.

The copper-clad s.r.b.p. is built up of layers of partially
cured resin-impregnated paper of good electrical charac-
teristics, surmounted by the copper foil, which has a
bonding agent such as epoxy resin between it and the
top layer of paper. The boards are cured at a pressure of
1,500 Ib/in%. and a temperature of 350°F. Since the
resins used are of a thermosetting variety the cycle is
not reversible. A well-cured board with adequate resin
content will not show the individual paper layers when
sliced or split. A high resin content produces a board
which has good electrical properties but is relatively
brittle and difficult to punch. A compromise suitable to
the work in hand is therefore chosen.

The adhesion of the foil to the board is important and
a minimum force of 51b to remove a 1 in. strip of foil
from its backing is considered satisfactory.

Copper foil, usually 0-0015in. thick, is generally
applied to one side only of the insulating base. A
sandwich stock of foil-base—foil is, however, available
and with this both sides may be suitably and differently
etched for certain applications.

To form the required configurations the unwanted
portions of copper are etched away by acids during the
manufacture. There are several methods of removing
the unwanted portions and protecting the required
circuits, the three most common being:

(i) silk-screen printing,
(ii) offset lithographic printing, and
(iii) photographic printing.

Silk-Screen Printing

A master drawing of the required configurations is
photographed to produce a negative on a glass plate.
From this negative a positive print in gelatine is taken on a
plastic backing. The plastic-backed gelatine is pressed
on to the silk screen and the assembly is dried. The
plastic backing may now be peeled off leaving the
necessary configurations in the silk in the form of
dried gelatine. For long-production runs a screen of
specially prepared metal is now generally used although
the process may still be referred to as silk-screen printing.

The prepared screen of sitk (or metal) is fixed slightly
above a sheet of copper-clad s.r.b.p., which is often held
secure and flat by a vacuum grille arrangement. A
squeegee carrying bituminous or other etch-resisting
ink is applied to the screen, pressing a pattern in ink
through the untreated areas of the silk on to the copper
foil. The copper-clad board is removed and dried. It
is then etched in a tank of 10 per cent nitric acid, washed
and neutralized by ammonia. Finally the etch-resisting
ink is removed by a degreaser, such as trichlorethylene
vapour, in a condensing tank. Holes are then punched
to accept component wires.

Silk-screen printing is generally considered to be
cheaper than off-set lithographic or photographic
printing, and it generally produces a less accurate pattern.
Pure silk screens are liable to alter in area with time and
change of temperature and humidity; hence the preference
for a metal screen. Furthermore, a metal screen will
produce about 50,000 circuits whereas a silk screen is
usable for about 1,500 only. The resolution is, however,
ample for many applications and the process is used
extensively for domestic receivers and television circuits.

Offset Lithographic Printing
Offset lithographic printing, which is illustrated in
Fig. 2, is intermediate between silk-screen and photo-

PHOTOGRAPHIC

OFFSET LITROGRAPHIC
COPPER
METHOD 34
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graphic printing in cost and accuracy and follows very
closely traditional printing methods. The copper-clad
sheet is fitted horizontally in the lithograph printing
machine adjacent to a zinc plate on which the pattern is
printed in relief. A roller applies water to the zinc plate
wetting the background, and a subsequent roller applies
greasy ink which adheres only to the printed areas.

A blanket roller then picks up the pattern from the
master plate and prints it on the copper foil. The ink
is then dusted with bituminous powder and heated to
form a hard resist.

Exceedingly good resolution is now being obtained
by this process, sufficient, for example, for inductors and
capacitors in television receivers and filters.

The printed copper surface is etched and finished in a
manner similar to that described for silk-screen printing.

Photographic Printing

This process (Fig. 2) produces prints of an accuracy
unattainable by any other method. The process com-
mences with the production of a matt black and white
drawing of the circuit in which the copper sections are
shown black. The scale of this drawing is often 2 : 1,
or 4 :1 for exceptionally detailed circuits. From this
drawing a photographic master negatjve is prepared, a
special camera giving linear reproduction over the
entire surface being necessary. From the master nega-
tive several working negatives on celluloid are prepared.

The copper-clad s.r.b.p. base is cleaned and coated
with an even film of a special photo resist which is
hardened by ultra-violet light but is relatively insensitive
to light of longer wavelength.

The working negative is held in intimate contact
with the sensitized sheet of copper clad by a vacuum-
bed printer and exposed to ultra-violet light for about
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prominence, and that much that is true today will be
modified in the future.

The science of printed circuits is still in its infancy,
yet in a few brief years it has made great progress. Its
impact in this country has hardly yet begun to be felt,
but it is clear that in the near future it will make electronic
equipment cheaper to produce and more reliable in
use.
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Book Review

“Telegraphy.” J. W. Freebody Whit. Schol., B.Sc.(Eng.),
A.C.G.I, DI.C.,, M.LLE.E. Sir Isaac Pitman & Sons,
Ltd. 738 pp. 854 ill. 80s.

This comprehensive account of telegraphy as practised
in the United Kingdom fills a long-felt gap in telegraph
literature. As the author explains, the book is the successor
to T. E. Herbert’s “Telegraphy,” first published in 1906,
which through numerous editions remained a standard
work for very many years. Considerable portions of the
earlier book dealt with matters strictly proper to electro-
technology and also contained chapters dealing with the
construction of overhead and underground lines. Although
these subjects have been eliminated from the present book,
the growth of the telegraph art has presented the author
with a formidable task in covering the whole of the subject
in one volume. While naturally much space has still had to
be devoted to telegraph machines and direct current signal-
ling problems, the necessity for now including chapters on
telegraph transmission theory, manual and automatic
switching systems, voice-frequency telegraphy, facsimile
and picture telegraphy, and the private wire and telex
services has inevitably increased the size of the book. This
now runs to well over 700 crown-quarto pages. The use of
the larger size, while materially reducing the number of
pages required, also permits more flexibility in the arrange-
ment and size of the illustrations; in fact, the general layout,
setting up and reproduction of both the text and illustra-
tions is excellent, considerably facilitating reference and
study.

The book commences with an introduction to the
various types of telegraph codes and the signalling prin-
ciples employed, followed by an interesting historical survey
of early forms of telegraphy. There follow chapters on
thermionic devices and electro-magnetic relays used in
telegraphy, the polarized relay, due to its great importance
in telegraphy, receiving full and adequate treatment. The
main subject matter of the book is commenced with a
chapter on telegraph transmission theory dealing with the
rudiments of both direct current and alternating-current
transmission. A chapter entitled ‘“Telegraph Circuits”
deals with various direct current transmission arrangements,
including spark quenching and radio-interference sup-
pression. Manual switching systems, including concentrator

and broadcasting arrangements, are dealt with compre-
hensively, illustrating the special type of problems met with
in designing switching systems for telegraphy as distinct
from telephony, and explaining the reason for the change
from what has been called “pulse’ signalling to “‘sequence”
signalling. The subject of automatic switching has been
dealt with in relation to the system developed for the
United Kingdom inland public-message telegraph service.
The automation of the United Kingdom telex service is
now proceeding, and in the future the most important use
of automatic switching for telegraphy will be in the inland
and international telex services. While the system used for
the telex service has many similarities with that provided
for the public-message service, in any future edition of the
book the special features associated with the telex service
would no doubt be included. Voice-frequency telegraphy
is adequately covered, including references to frequency
modulation and methods of working over radio channels.
The chapter on start-stop machines is noteworthy for the
wealth of excellent explanatory drawings and is brought
up to date by a description of an electronic start-stop
telegraph distortion measuring set. Subsequent chapters
deal with facsimile and picture telegraphy, power plant,
and such subjects as phonogram queuing, instrument room
arrangements, special facilities for private renters, manual
telex services, use of error-correcting systems and sub-
marine cable telegraphy.

Taken as a whole the book is a remarkably clear and
informed account over the whole comprehensive range of
technical questions involved in the operation of a modern
telegraph system and it should be of inestimabie value to
engineers and students in this field. The wealth of detail
included, covering as it does many developments with which
he has been personally concerned, will be a lasting tribute to
the industry and patience of the author. With the further
development which is bound to occur, for example, the
introduction of electronic systems and special facilities for
data transmission, it is thought that in the interests of his
readers, Mr. Freebody will, in any future edition, despite
his great love for everything telegraphic, have to discard
some of the older and less important information, con-
tenting himself with the realization that for many years the
present edition will remain on bookshelves as a compre-
hensive if weighty source of information on telegraph
practice as developed over the past 25 years.

I.P.O.E.E. Library No. 2551. E.H.J.
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A Portable Equipment for Analysing Traffic at Non-Director
Automatic Telephone Exchanges
K. MYERS and P. H. SKINNER

U.D.C. 621.317.79:621.395.31

A new portable equipment, known as a route analyser, enables the

telephone calls carried by a junction route from a non-director

automatic telephone exchange to be analysed by recording on

meters the number of times each terminal-exchange code is dialled.

In conjunction with the information about the total traffic on a

junction route, the traffic to each terminal exchange can be
calculated.

INTRODUCTION

N a manual telephone exchange, traffic data relating

to the junction network are derived from records of

the number of ticketed telephone calls and the average
holding time of calls. These data are used to ensure that
sufficient junction circuits are provided, or to forecast
the junction requirements. Once the telephone network
has been made automatic, it is still essential that indivi-
dual junction routes in the network should not be
overloaded, and traffic recording equipment has been
provided in automatic exchanges to measure the traffic on
any selected route. This equipment, however, was not
designed to measure the distribution of traffic among
different terminating points. A terminating point may
be an exchange service termination, e.g. speaking clock
or a manual assistance position, and will, throughout
this article, be referred to as a “‘terminal.” Changes to
the traffic distribution in a network arise when a new
exchange is introduced into a network or an existing
exchange is replaced by an exchange of a different type;
then, detailed traffic-distribution data can be of consider-
able assistance in the re-design of the network.

Equipment has now been designed to provide infor-
mation from which it is possible to determine for each
route carrying traffic to more than one terminal what
proportion of the total traffic is distributed to each
terminal. Torecord the trafficin erlangs to each individual
terminal would require complicated equipment. How-
ever, adequate data can be obtained by employing
simple equipment in small quantities on each route, and
recording when the code for a terminal is dialled, i.e. a
sample of the number of calls to each terminal is recorded.
When sufficient calls over the route are sampled, the
assumption may be made that the actual traffic to each
terminal can be calculated by apportioning the total
traffic on the route (measured by means of a traffic
recorder) according to the magnitude of the respective
“calls per code.” When call-holding times vary between
terminals, adjustments to compensate for these variations
will be necessary when calculating the actual traffic to
each terminal. Equipment capable of recording “calls per
code” would be required only occasionally and need not
therefore be provided as part of the exchange equipment,
but preferably as an easily transportable item. Such
an equipment, known as the route analyser, has been
developed and is described in this article.

GENERAL DESCRIPTION

The route-analyser equipment is mounted on a trolley
(a Stand, Testing, No. 28), measuring approximately 5 ft.
by 1ft 6in. by 2ft 6in. It weighs less than 1} cwt.
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The only external power supplies required are an a.c.
mains supply for operating the electronic equipment
and a 50-volt d.c. supply for relay and uniselector
operation.

A block schematic diagram of the equipment is
shown in Fig. 1.

FROM
SELERTOR [ rapemg | | VALVE PULSE- ROUTE
SELECTOR 3—{ TappinG RECORDING

LEVEL | RELAYS CIRCUIT CIRCUIT METERS
OUTLET

FIG. 1—BLOCK SCHEMATIC DIAGRAM OF ROUTE-ANALYSER
EQUIPMENT

The exchange equipment carrying traffic to be analysed
is connected by 20 tapping-relay circuits to the valve
tapping circuit. When a call originates on one of these
circuits the valve tapping circuit is connected to the
negative and positive wires of the circuit. The dialled
pulses are repeated by the valve circuit to the drive mag-
net of a uniselector in the pulse-recording circuit.

During the inter-digital pause a testing earth is
connected to a wiper of the uniselector causing the
appropriate route meter to operate when sufficient
digits have been received to indicate the distant terminal
concerned. The analysing equipment is then released
for use by the tapping circuit on which the next call
originates. Since it is possible to have different codes for
the same total number of pulses the number of codes
which can be analysed is limited but a clash of codes can
usually be avoided by using several arcs of a uni-
selector and switching from one arc to another during
inter-digital pauses. The actual strapping of the uni-
selector banks can only be decided from an examination
of the trunking of the particular exchange concerned.

CIRCUIT DESCRIPTION

Fig. 2 shows the circuit elements of the route-analyser
equipment. The tapping relays connect the analysing
equipment to the individual outlets of the route con-
cerned. Relay PS operates when a call originates on the
outlet to which it is connected, and if the analysing
equipment is disengaged, relay H operates to switch
the negative and positive wires through to the valve
circuit. Relay G, in conjunction with the low-resistance
coil of relay H, connects the guard condition to prevent
a second tapping circuit from switching to the valve
equipment. Calls on other tapping circuits also have
their G relays operated to ensure that when the analysing
equipment is released it is not switched to an outlet on
which a call is being set up. Relay AP in the anode
circuit of valve V1 responds to the pulses and repeats
them to the drive magnet of the uniselector in the
pulse-recording circuit. Valve V2 prevents relay AP

t Mr. Myers is an Assistant Engineer in the Telephone
Exchange Systems Development Branch and Mr. Skinner is an
Assistant Engineer in the Exchange Equipment and Accommoda-
tion Branch, E.-in-C.’s Office.
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from responding to a false pulse, which can occur
during inter-digital pauses, due to relay contacts operating
in sequence when the call is switched from one selector
to another.

The valve circuit used to receive and repeat the pulses
is an adaptation of the equivalent circuit in the central-
ized-service-observation equipment, and its circuit
operation, together with the problems encountered
when tapping across a line on which pulsing or speech are
taking place, have been described in a previous article.*

Relay CD, which is operated during pulsing, releases
during inter-digital pauses and connects earth to the
bank contact to which the wipers are connected. If
the digits dialled constitute a routing code, this con-
tact will have been strapped to the appropriate route
meter, which then operates. The operation of the meter
contact causes relay CO to operate, which releases
relays H and B at CO3. Relay H in releasing disconnects
the valve circuit from the tapping relays and relay B in
releasing causes the uniselector to restore to its home
contact. During homing of the uniselector, relay CD
remains operated so that the valve circuit is busied to
the tapping-relay circuits.

Difficulty due to different codes having the same total
number of pulses is avoided by arranging that the

* BARNARD, A. J.,, and Beck, E. H. A, New Centralized
Service Observation System. P.O.E.E.J., Vol. 49, p. 81, June
1956.

testing earth is transferred to another wiper of the
uniselector before the code has been completely dialled.
The testing earth is connected during the inter-digital
pause to a bank contact of the uniselector which is strapped
to one of the wiper-switching relays WA to WF, a
contact of which switches the testing earth to another
wiper of the uniselector. Thus, although with codes
that contain the same total number of pulses the wipers
rotate to the same position on the bank, the testing earth
is connected to different arcs of the uniselector and so
to different route meters.

To avoid the sample of analysed calls being reduced if
a caller fails to dial a complete routing code, a time-
controlled forced-release facility is provided in the
analysing equipment. When the analyser is taken into use,
the holding circuit of relay TP is’ dependent upon the
discharge current from the capacitor Cl, which gives the
relay a release lag of 6-12 seconds. If the subscriber dials
during this period, contact CD4 in operating will re-
charge capacitor Cl and relay TP will remain operated.
The circuit is such that capacitor Cl is fully charged dur-
ing a train of pulses to ensure that relay TP has a full
release lag during the next inter-digital pause. The
forced-release condition is applied if relay TP releases
the analysing equipment from the tapping circuit in the
same manner as for a normal call.

A routine-test circuit is included in the form of a self-
pulsing relay which tests both the response of the valve
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circuit to normal pulses and the false-pulse-suppression
device.

USE OF EQUIPMENT

The equipment is designed for use in 50-volt non-
director exchanges employing loop-disconnect pulsing
circuits. It can be used also in Siemens No. 16 exchanges,
the 50-volt supply being obtained by connexion to the
counter-e.m.f. cells at an appropriate point.

Since the equipment will be used only for short
periods and setting up and taking down will be frequent
operations, temporary connexions are made by means of
U-link connectors and double-ended cords.

When traffic-distribution analysis is required on a
junction route where the auto-auto relay-set immediately
precedes the junction, the analyser tapping circuits are
connected to the exchange side of the auto-auto relay-
set (Fig. 3). If, however, junctions are trunked direct
from an outgoing-selector level, the analyser tapping
circuits are connected at the distant exchange to the line

H“"E]
AUTO - AUTO
] . RELAY-SET
A JUNCTION
 d
L]
L]
-
L]
_—
- ROUTE
ANALYSER

FIG 3—METHOD OF CONNECTING ROUTE ANALYSER WHERE AUTO-
AUTO RELAY-SET IMMEDIATELY PRECEDES JUNCTION
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FIG. 4—-METHOD OF CONNECTING ROUTE ANALYSER WHERE
JUNCTIONS ARE TRUNKED DIRECT FROM OUTGOING-SELECTOR LEVEL

side of the incoming selectors (Fig. 4). Analysis can,
if necessary, be carried out at an earlier switching stage,
providing that the analyser tapping relays will not be
operated by the calling condition from shared-service
subscribers or linefinder calling equipments. This
limitation arises because the pre-seizing signal from the
linefinder equipment and shared-service subscribers’
installations would transmit a false pulse to the analysing
equipment.

To ensure a continual supply of calls for analysis,
tapping circuits should be connected to early-choice
trunks of the relevant grading and, where possible,
analysis should be achieved on a single digit, since this
results in the equipment being held for the shortest
possible time and thus permits analysis of the maximum
number of calls in any period. Generally it will be
found that the most convenient point for connecting
tapping circuits is the intermediate distribution frame.
The route analyser may be placed adjacent to the inter-
mediate distribution frame and in small exchanges
access to circuits may be made by cords and jacks,
whilst in larger exchanges, where excessive lengths of
cord might be required, alternative access is provided by
Jumpering. It is possible to analyse 127 codes (comprising
codes of 1, 2 and 3 digits) but the equipment is provided
with only 40 route meters. Many of these 127 codes
will be spare, and others will be used for routes to the
same terminal. In each of these cases the calls may be
recorded on one meter. For example, when second-
digit analysis is taking place on, say, levels 31 to 37,
with traffic on levels 31 to 35 routed to one terminal
and traffic over levels 36 to 37 routed to some other
terminal, then individual route meters will be required
for each group of circuits; the spare levels 38, 39 and 30
are commoned to either the route meter registering spare
codes or to the “SP” tag (see Fig. 2), to connect a release
condition.

CONCLUSION

With the recent introduction of group charging and
with the advent of subscriber trunk dialling, the quantity
of manually controlled traffic will decrease, ticketed
calls will be less and changes in the pattern of telephone
traffic may not be apparent. The route analyser will
provide a means of observing call distribution within a
network; any traffic changes will be detected and the
necessary trunking rearrangements may then be made.

Book Review

“Switchgear Principles.” P. H. G. Crane, M.Sc., AAM.I.LE.E.
Cleaver-Hume Press, Ltd. 229 pp., 98 ill. 25s.

The author is a Research Assistant at present employed
by the FElectrical Research Association and formerly by a
well known switchgear manufacturing firm. The book is
intended to cover the elementary students’ needs of a
general knowledge of all aspects of power-circuit protection
and of the different types of switchgear available. It
succeeds quite well in doing this as it is simply and clearly
written and in addition to a number of well-chosen dia-
grams, contains photographs of typical modern equipments,

The early chapters cover the supply of electricity and the
main causes and effects of short-circuits and overvoltages.
The various methods of protection, including fuses, switches
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and isolators, and the causes and effects of arcing are
considered before dealing with the principles and different
types of circuit breakers in general use. A very useful
chapter gives some interesting facts about the different
component parts of switchgear whilst its accommodation
requirements and the tests usually performed on fuses,
circuit breakers, instrument transformers and isolators are
described in the later chapters. A comprehensive and
up-to-date list of references is given for each chapter and
enables the student readily to obtain more detailed informa-
tion on any aspect of this subject.

The book provides easy and interesting reading, requiring
no more than an elementary knowledge of mathematics, and
it will be of considerable assistance to students of electrical
power engineering.

LP.O.E.E. Library No. 2528. R. S. P.






It is well known that a large part of the cost of fre-
quency-translating equipment is accounted for by the
cost of the channel-selection filters, and therefore particu-
lar care was taken in the initial design stages to ensure
that the filtration problems would be as simple as
possible. The channel-selection filters finally evolved
are of a simple, economical and compact design employ-
ing inductors and capacitors.

The use of built-in out-band signalling in this type of
system presents some novel design problems. Foremost
among these is the need to prevent mutual interference
between the speech and signalling currents. It will be
seen (Fig. 4) that the signalling tone is injected into the

CHANNEL CARRIER SUPPLY
(12.18.24 48 or 54ke/s)

SIGNALLING RECEIVER
FIG. 4—BLOCK SCHEMATIC DIAGRAM OF A CHANNEL PANEL

main transmission path at the input to the modulator
and after a low-pass filter. The function of the low-pass
filter is to remove energy at the signalling frequency
which may be present in the incoming speech, or which
may be produced by the preceding stages of the equip-
ment. From the signalling-tone injection point forward
through the equipment to the extraction point after the
demodulator it is important that the equipment character-
istics be sufficiently linear to prevent the formation of
spurious signals which could give rise to signal imitation.
This requirement must be met with peaks of audio-fre-
quency energy as high as 20db above the nominal
test level. As it would be impracticable to provide
for an overload margin of 20db a voltage limiter is
provided at the input of the equipment to restrict the
level of peaks in subsequent parts of the equipment to
approximately 6 db above test level. Unwanted signals
are most likely to be generated in the modulator and
demodulator, and care is taken to ensure that the
characteristics of these are sufficiently linear.

To prevent the signalling tone being audible when it is
present during a conversation, a low-pass filter to
eliminate the signalling frequency is provided following
the signalling-tone extraction point. To avoid over-
loading line equipment during the transmission of
continuous signalling tone on a large number of channels
simultaneously, the signalling tone is applied at a level
20db below the channel test level. The problem of
reducing inter-channel speech-into-signalling interference
to an acceptable amount is complicated by the com-
paratively low level of the signalling tone. The consequent
filter requirements are reduced as the channel spacing
is increased and this was a major factor in the choice of
6 kc/s for the spacing between channels rather than the
conventional 4 kc/s spacing. The signalling-path band-
pass filter between the output of the demodulator and
the input of the signalling receiver has sufficient stop-
band loss to prevent interference from signals in the
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speech frequency band and has a pass-band of suitable
width to give a signal-distortion performance within
the specification limits.

V.F. Signalling Receiver Panel

Two v.f. signalling receiver panels are provided for
each group of eight channels; each panel occupies 3% in. of
rack-mounting space and mounts four receiver units.
These units are fitted with plug-and-socket connectors
so that they can be easily removed from the panel for
maintenance without mutual interference. The receivers
were specially designed to operate at the low signalling
levels employed in the equipment, and will operate with
distortion within the specification limits with variations
in signalling-tone level from —7 db to +3 db from nomi-
nal, and will continue to operate over the range —10db to
-+ 3 db from nominal with slightly greater distortion. Two
double-triode valves are used, and a standard Post Office
Type 2B telegraph relay is plugged into the unit.

Channel Combining and Group Modem Panel

The translation of the 12-60kc/s group into the
60-108 kc/s band is accomplished by modulating a 120
kc/s carrier in a ring-type modulator (Fig. 5). A band-
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FIG. 5—BLOCK SCHEMATIC DIAGRAM OF CHANNEL COMBINING
AND GROUP MODEM PANEL

pass filter follows the modulator and another precedes
the demodulator. The functions of these filters are:

(a) to prevent interference between channels in
adjacent groups when the equipment is connected to
group translating equipment in a coaxial system, and

() to prevent group-to-group crosstalk when a
60-108 kc/s group is combined with a 12-60 kc/s group
in a balanced-cable type system. This interference could
arise from signal leak through the modulator or from
the unwanted upper sideband.

The transmission levels at the output and input of
this panel on the 60-108 kc/s side are such that the
standard G.D.F. levels may be obtained with up to
2 db transmission loss in the cables between the equip-
ment and the G.D.F.

Channel Combining and Amplifier Panel

A channel combining and amplifier panel can be
plugged into the rack-side in the position occupied
normally by the group modem panel, to provide a
12-60 kc/s 8-channel group as an alternative to the
normal 60-108 kc/s 8-channel group. In the transmitting
direction the panel provides an output of 45 dbr for
connexion to an H.F.R.D.F., while in the receiving
direction a pad is provided to reduce the 45 dbr level






and then decreased to check that the distortion remains
within the specification limits. A test position is also
provided to facilitate the adjustment of the Type 2B
relay.

SIGNALLING CIRCUITS

The equipment to provide the signalling path in this
system was designed specially to comply with Post
Office requirements and will therefore be described in
some detail.

Considering the path traversed by the signalling pulse,
signals from the outgoing relay-set at the originating
exchange are used to energize a static relay which
modulates the envelope of the signal current. The
resulting a.c. signal, after passing over the transmission
link, is demodulated by a receiver circuit and converted
into a d.c. signal again. The d.c. signal is then used to
operate the incoming relay-set at the incoming exchange.
The effect on the overall distortion of the following
component parts of the signalling circuit will now be
considered.

(a3 The circuit between the exchange and the
carrier terminal equipment.

(b) The static relay.

(¢) Thev.f signalling receiver.

Interconnexion of the Exchange and Carrier Terminal
Equipment

The exchange equipment and the carrier equipment
may be in the same building, in which case there is little
likelihood of distortion due to the connecting circuits.
However, it is frequently the case that the exchange is
located in a building some distance from the carrier-
equipment building, and the interconnexion circuit is
an external cable. Distortion will then arise due to
the characteristics of the cable, and it is necessary to
consider the effect of the maximum length of tie-cable
that will be used in practice. It was decided that a
system which could cater for tie-circuits consisting of up
to 5 miles of 10 1b/mile cable or 10 miles of 20 1b/mile
cable at each terminal would be satisfactory.

To cater for the various conditions presented by the
types of exchange likely to be met, the equipment was
designed so that the pulsing contact at the originating
exchange may be connected to earth, or to a negative
voltage through a protective resistor. The negative
voltage may be nominally 50 volts for an auto-manual
exchange, or 30 or 40 volts for manual exchanges.

In order to reduce interference to other circuits in
the same tie-cable, it is desirable to fit a noise filter
following the exchange pulsing-contact, and one has
been incorporated in the new design of exchange relay-
sets developed specifically for association with out-band
signalling systems. The filters used in the relay-sets are a
low-pass type, nominally 1,200 ohms and 1uf. Since the
effect of the filter is to retard the growth and decay of the
envelope, it is an important factor in causing pulse
distortion. The new relay-sets employ earth-return
signalling over the phantom circuits derived from the
4-wire ‘go’ and ‘return’ speech circuits between the ex-
changes and the carrier terminal stations.

A further specification requirement is that the equip-
ment should be suitable for tandem connexion of the
signalling circuits. Therefore, a signalling receiver may
work into a static relay of a succeeding system, or
directly into a telephone-type relay of an incoming
exchange-termination. Likewise, a static relay may be
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controlled from an outgoing exchange relay-set or from a
signalling receiver. Since it would be undesirable to
change the circuit connexion according to the operating
condition, this implies that the static relay, and the
condition presented by the signal receiver contacts, must
be basically suitable for either condition.

Static Relay
The circuit of the static relay is shown in Fig. 7 The
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level of signalling tone applied to the carrier channel is
controlled by the resistor chain R1 connected in series
with the primary of the transformer. The signalling tone
is modulated by the diode circuit under the control of
d.c. pulses received over the signalling wire. The static-
relay output-terminals are connected across the trans-
mission circuits and cause negligible bridging loss. The
units may be set to cater for the various d.c. conditions
described in the previous paragraph, by means of suitable
strapping connexions on the front. The correct line
current is obtained by adjustment of resistor R2 in series
with the d.c. input circuit.

V.F. Signalling Receiver

A circuit diagram of the v.f. signalling receiver is shown
in Fig. 8, and Fig. 9 is a photograph of the unit. The
input stage, comprising transformer TR1, valve VIA and
transformer TR2, is an amplifier with a gain of about
40 db. The amplifier output signal is rectified and
partially smoothed by capacitor C4 before passing
through the primary of transformer TR4 to the load
resistance R11. The operating transition of relay A is de-
layed by the action of pulse-bias derived simultaneously
with the signal and applied in opposition; it is also affected
by the action of R12 and CS in the grid circuit, since the
valve may run into grid current before the relay has
operated. The pulse-bias is developed across the im-
pedance formed by R10 and C3 via the secondary of TR4
and diode VIB. A steady bias is applied to the diode cir-
cuit, derived from the cathode resistor R20 of V2B and
R17, in such a way that little negative voltage is produced
across R10 for weak input pulses. As a result, an
a.g.c. action of defined range is obtained which tends to






The Post Office and the Supply of Electrical Energy by Statutory
and Non-Statutory Undertakings in the United Kingdom

S. J. LITTLE, M.LE.E.}

U.D.C. 351.824.11:621.3.013.7

Since 1863, the powers of the Postmaster-General regarding the
construction and maintenance of telegraph and telephone lines
have been regulated by Acts of Parliament known as the Telegraph
Acts. The development of the electricity supply industry since the
latter part of the 19th century made comparable legislation
necessary to regulate the supply and distribution of electrical
energy, and since 1882 a series of Electric Lighting Acts and
Electricity (Supply) Acts have passed into law. This article traces
the history of these Acts and outlines the provisions made therein
to safeguard Post Office plant.

INTRODUCTION

HE telecommunications system of the United

Kingdom is regulated legally by a series of Acts of

Parliament which have been passed into the laws
of the country at irregular intervals since 1863. These
are known collectively as the Telegraph Acts, and in
that which was promulgated in 1878 is a clause to the
effect that it is an offence to damage or to interrupt
communication over telecommunications systems belong-
ing to the Post Office. At that time the electricity supply
industry of the United Kingdom was only in its infancy
and distribution was undertaken either by local
government authorities or privately owned companies.
Even at that early stage in the development of the
industry it was evident that some measure of state
control was desirable and in 1882 the first Electric
Lighting Act, which was drafted primarily to regulate
the supply and distribution of electrical energy, passed
into law.

The provisions of the 1882 Act applied to every local
authority or private company that was authorized to
supply electricity. Among its provision is a clause,
on the lines of that of the 1878 Act, which states that
undertakings should not, in the exercise of the powers
conferred upon them by the 1882 Act, or any special
subsequent Act, injuriously affect Post Office tele-
communications.

STATUTORY UNDERTAKINGS

When drafting the 1882 Electric Lighting Act the
policy adopted by Parliament was that a supplier of
electrical energy could obtain, in respect of a defined
area, the power of monopoly. This monopoly was,
however, offset by various obligations and restrictions.

In general, in order to obtain the power of monopoly,
it was necessary for local government authorities or
private companies who wished to enter the field of
electricity supply to promote a Bill before the House
of Commons. This Bill would seek to obtain parlia-
mentary consent for the setting up of a system for the
generation and/or distribution of electrical energy within
the area in which the undertaking was interested. After
examination and approval by the House of Commons
and the House of Lords, and assuming that it was not
rejected by either, it received the Royal Assent and
became an Act of Parliament. Local government
authorities and private companies who had obtained

t Senior Executive Engineer, External Plant and Protection
Branch, E.-in-C.’s Office.
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their powers in this way were known as “Statutory
Undertakers” and were often, and still are, termed
“Undertakers.” Because of the terms of the Electric
Lighting and Telegraph Acts these undertakings had,
as mentioned earlier, certain duties imposed upon them
regarding the protection of Post Office telecommuni-
cations.

Protection of the Post Office System

In 1899 a further Act, known as the Electric Lighting
(Clauses) Act, which included a very important section
as far as the Post Office is concerned, became law. This
Act lays down very clearly that every electricity supply
undertaking shall take all reasonable precautions in the
construction and operation of its electric lines or other
works and in working its undertaking so as not to
injuriously affect by induction or otherwise the working
of any Post Office telecommunications system, whether
that system be, or be not, in existence at the time of
construction of the power installation.

Furthermore, it is laid down that one month before
commencing construction of the work the undertaking
must serve on the Post Office a notice and plan, termed
collectively a “‘Statutory Notice,” describing the works.
This is done to enable the Post Office to assess the
effects of the construction and operation of the new
plant on its own system and to take such steps as it
considers necessary to protect that system from damage
by the power line. The cost of such protection falls on
the electricity supply undertaking.

The undertaking, having once served its statutory
notice, is entitled to a reply within one month. Within
this period the Post Office may approve the proposed
works subject to such amendment as may seem desirable
so far as its own interests are concerned. Alternatively,
if it finds that the proposed work would seriously disturb
its telecommunications system it could disapprove the
whole scheme. The undertaking must then submit new
proposals or it may appeal to the Minister of Power,
who may inquire into the matter and allow or disallow
the appeal or approve the proposed works subject to
such amendments as seem fit.

Should the Post Office fail to give notice of approval
or disapproval within one month of the receipt of the
statutory notice, it is assumed that approval has been
given and the undertaking may proceed. If subsequently
the Post Office finds that works must be put in hand to
protect its plant, it must itself bear the cost.

In addition to the statutory notice mentioned above
the Post Office is entitled to a “48-Hour Notice.” This
is a notice which must be served by an undertaking on
the Post Office 48 hours before the start of any work
which has been the subject of a statutory notice. This
is to enable the Post Office to send inspecting staff to the
site of the new works to protect its interests. This
procedure applies, in particular, to the construction of
all electric power lines of whatever voltage, whether
overhead or underground, although for service lines,
which are generally short low-voltage lines feeding a



consumer, a seven-day statutory notice only is required
and plans are unnecessary.

If an undertaking does not proceed with the work
within six months of approval of the relevant statutory
notice by the Post Office, this approval lapses and fresh
approval must be sought. This requirement is made
because the Post Office considers that it is not un-
reasonable to expect the works to have been commenced
within this period and if they have not been commenced it
requires the opportunity to reconsider them in so far as
they may affect proposals for new Post Office lines. An
arrangement was, however, made with the undertakings,
which still continues, that an extension of the period will
be permitted by exchange of letters without the sub-
mission of fresh plans provided no alteration is envisaged
to the proposed route shown on the plan which accom-
panied the original notice.

The Central Electricity Board

Between 1899 and 1926 a number of additional
Electric Lighting or Electricity (Supply) Acts were passed
into law; the early requirements relating to the protection
of Post Office plant remaining substantially unaltered.
Among these Acts, one of the more important was the
Electricity (Supply) Act, 1926, which set up the Central
Electricity Board. This Board consisted of a chairman
and seven other members appointed by the Minister of
Transport after consultation with representatives of local
government, electricity supply, commerce, industry,
transport, agriculture and labour.

The Central Electricity Board was constituted
primarily with the object of rationalizing the supply of
electricity in the United Kingdom, provision being made
for the interconnexion of selected existing generating
stations of high efficiency by new high-voltage trans-
mission lines to ensure an efficient and reliable supply
of electricity throughout the country. The electricity thus
generated was sold to statutory undertakings who con-
tinued to distribute, and in some cases generate, their
own supplies. As the load of the country grew, the
smaller and less efficient stations fell into disuse and
generation became concentrated in the larger stations.
This involved the construction of further high-voltage
transmission lines to connect these stations to the load
points. Among the powers given to the Board in the
1926 Act was one which enabled them to acquire rights
to build such transmission lines over private land by
agreement with the owner. If no agreement could be
reached the Board was empowered to acquire such
rights compulsorily. In each case wayleave payments
were offered for the right to cross the land.

Nationalization of the Electricity Supply Industry

In 1947 further developments in Britain’s electricity
supply industry took place. In that year the Electricity
Act, 1947, became law. This provided for the establish-
ment of the British Electricity Authority, subsequently
known as the Central Flectricity Authority, and for the
setting up of Area Electricity Boards. In general the
British Electricity Authority took over the functions of
the old Central Electricity Board, but with additional res-
ponsibilities relative to the generation of electricity, whilst
the Area Boards assumed responsibility for distribution
from the old statutory undertakings, i.e. those owned
by local government authorities or private companies.

A further enactment, the Electricity Act, 1957,
abolished the Central Electricity Authority and set up

in its place the Central Electricity Generating Board
and the Electricity Council. The former is responsible for
the maintenance of an efficient, co-ordinated and
economical supply of electricity in bulk in England and
Wales and the latter for advising the Minister of Power
on questions affecting the electricity supply industry
and for the maintenance and development by Electricity
Boards in England and Wales of an efficient, co-ordinated
and economical system of electricity supply.

The clauses written into the earlier Acts for the protec-
tion of Post Office telecommunications were, however, not
repealed by the 1947 or 1957 Acts and it follows that the
Central Electricity Generating Board and Area Boards
have the same responsibility for the safeguarding of
Post Office plant as had their predecessors.

The Central Electricity Generating Board and Area
Boards have no jurisdiction in Scotland, where two
separate bodies, the North of Scotland Hydro-electric
Board and the South of Scotland Electricity Board, are
responsible for the supply and distribution of electricity.
These will not be dealt with further in this article as the
method adopted for dealing with power-line construction
by these Boards does not differ from that now to be
described.

The Construction of High-Voltage Lines by the Central
Electricity Generating Board.

The legal procedure for securing the consent of the
Post Office to the execution of work by an electricity
supply undertaking has already been outlined but a
description will now be given of the procedure followed
for the construction of main high-voltage grid lines, as
these have special points of interest.

In England and Wales the Generating Board is
responsible for the construction of all transmission
lines of the grid and super-grid systems, most of which
operate at 132kV and 275kV. The Area Boards are
responsible for their own distribution lines, which include
some of 66 kV but are mainly comprised of lines operating
at or below 33 kV. As far as the Generating Board’s
lines are concerned these are very largely overhead,
and when it becomes necessary to build a new line of,
say, 132 kV or 275 kV the procedure is as follows.

In the first place the ground over which the line is to
run is surveyed and, a suitable route having been deter-
mined, rights of way over the land concerned are obtained
either voluntarily or compulsorily as mentioned earlier.
Wayleave payments continue to be offered for the right
to cross the land. Having determined the route the
Generating Board serves a statutory notice on the
Post Office notifying its intention to construct the line.
The Post Office then considers the effects of the con-
struction and operation of the proposed line on its
plant and takes such steps as it coansiders necessary to
protect its plant from damage by the power line, the
Generating Board being legally responsible for the costs
of such protection.

It may be for instance that the proposed power line
crosses a number of overhead telephone lines. In this
case the Post Office wires will be put underground at the
crossing points. Alternatively, calculations by the Post
Office may show that the proposed power line could,
under fault conditions, induce high voltages in nearby
telecommunications circuits. In this case the induced
voltage must be assessed and arrangements made by the
Post Office to safeguard these lines against the incidence
of voltages in excess of those recommended for such
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circumstances by the C.C.I.T.T. This may take the form
of quoting to the Generating Board limits for the
fault current in the power line, or alternatively, the
provision of suitable protective equipment, e.g. gas-
discharge tubes or transformers, on the telecommunica-
tions circuits. Again the Generating Board pays for
such work as may be necessary.

In practice, when replying to the Generating Board’s
statutory notice, the Post Office quotes a fault current
which will induce in its lines the C.C.I.T.T. voltage
limits of 430 or 650 volts, according to circumstances.
In many cases the power-line fault currents do not
exceed these quoted figures and in consequence co-
existence of the two sets of plant can be permitted. On
the other hand, should the fault currents exceed the
quoted figures it is usual for the Post Office to work on
its plant to reduce the induced voltages to acceptable
values. This is because the Generating Board normally
earths the neutral points of its 132kV and 275kV
systems and thus current limitation is not possible.

The above procedure, particularly the assessment of
the voltages which may occur due to induction, the
fitting of equipment to counteract these voltages, and the
placing of plant underground, can be a relatively lengthy
operation, and although the Post Office is empowered to
prevent a scheme proceeding until it is itself ready, this
method is rarely, if ever, employed. Generally, it is the
practice for a Board, when it has partly settled the route
of a particular project, to send a “preliminary inquiry”
to the Post Office outlining its proposals. This pre-
liminary inquiry, which has no legal significance, may be
given many months before the actual statutory notice is
served and it enables the Post Office to assess the effects
of the proposed line on its plant, to advise the Board
of its findings, and to make such arrangements as are
necessary to secure the safety of its lines.

By the time the actual statutory notice is served most
of the Post Office work has been started and final
approval can be given to the Board to proceed. The
latter must, however, still serve the final 48-hour notice
notifying its intention to commence operations so that
the Post Office can make any further arrangements that
it may think necessary.

NON-STATUTORY UNDERTAKINGS

Although, before the nationalization of the British
electricity-supply industry in 1947, the supply and
distribution of electrical energy was largely in the hands
of statutory undertakings, it was permissible for any
person or company to supply electricity for public or
private purposes; that is, to operate a so-called “Non-
Statutory Undertaking” in an area outside that of a
statutory undertaking. In these circumstances a company
or persons became a non-statutory undertaking if they
supplied electrical energy by lines extending beyond the
boundary of their own property. Local government
authorities could not, however, operate non-statutory
undertakings as, under the Electric Lighting Act of
1882, they were only able to borrow money for the
purpose of generating and distributing electricity if they
were a statutory undertaking.

Subsequent to the 1947 Act, which nationalized the
electricity supply industry, the position changed only
slightly as the Area Electricity Boards set up under that
Act took over the functions of the statutory undertakings
and in effect themselves became statutory undertakings.
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The Area Electricity Boards had, however, no control
over existing non-statutory undertakings, which con-
tinued to function as previously.

The part played by non-statutory undertakings in the
development of the electricity supply industry in the
United Kingdom has never been very great, and in
general, with certain notable exceptions, such under-
takings serve only a few consumers. Further, the im-
portance of the non-statutory undertaking will probably
tend to diminish with the passage of time since, with the
steady extension of the electricity supply network by the
nationalized electricity supply industry to all parts of the
United Kingdom, the incentive to undertake private
generation and distribution is very much lessened.

The size of non-statutory undertakings varies widely,
ranging from the farmer in a remote rural area who
generates electricity for use on his own farm and sells the
surplus to his neighbours, to perhaps a cement manu-
facturing company which uses waste heat to generate
electricity for its own purposes and disposes of the
surplus to its employees living around the works.

Although non-statutory undertakings may build
distribution lines to carry any energy generated by them
to the load point, they are prohibited from supplying
loads within the area of a statutory undertaking. In the
past, the latter did not always find it profitable to serve
every area in the country, particularly rural districts
where the load was very light, and it was here that the
majority of the small non-statutory undertakings
developed.

In contrast to statutory undertakings, non-statutory
undertakings are under no obligation to lay mains for the
purpose of a general supply or to maintain a regular
continuous supply of electrical energy at a declared
voltage. Furthermore, they have no legal power, as
have statutory undertakings, to break up streets to lay
mains, etc. This has resulted in non-statutory under-
takings almost invariably giving supplies by overhead
lines, even though these are restricted in some areas by
local by-laws. In these circumstances non-statutory
undertakings endeavour to erect lines outside the juris-
diction of the local government authority for the area.
In general these and other similar restrictions have
resulted in non-statutory undertakings trying to build
their lines over private property, which is usually not
very difficult in rural areas. Nevertheless, they can still
come into conflict with Post Office overhead lines and, in
such circumstances, the problem is dealt with as outlined
later.

Regulations

Both overhead and underground lines belonging to
statutory and non-statutory undertakings may become
subject to regulations made by the Electricity Com-
missioners, a body set up under the Electricity (Supply)
Act, 1919, to promote, regulate and supervise the supply of
electricity in the United Kingdom. The functions of this
body have since been taken over by the Ministry of
Power. It is, however, quite possible, and indeed
usual, for a small non-statutory undertaking to build
a line and to bring that line into operation without
the knowledge of the Ministry of Power. This is because
a non-statutory undertaking is under no legal obli-
gation to advise the Ministry of its intentions. Further-
more, the Ministry have no control over a non-statutory
undertaking’s line until it is actually built. Some
undertakings are, of course, fully aware of the Ministry’s



requirements and do previously advise that body when
they intend to build a new line.

To cover the more usual case, i.e. where a line is built
and operated without prior knowledge of the Ministry, a
procedure has been evolved where, when the Ministry
hear of such a work, a notice can be served on the owner
imposing conditions relative to the construction and
operation of the line. These conditions are similar to
those prescribed for statutory undertakings and are
primarily designed to secure the safety of the public.
They include, however, a regulation which requires the
owner of the power line to provide protection for any
Post Office lines endangered by the power line, the non-
statutory undertaking, as the owner of the line, being
liable for the cost involved. The non-statutory under-
taking must, therefore, not only meet the regulations
prescribed by the Ministry of Power but must carry out
such work as is required by the Post Office to protect its
lines.

Serving of the Notice Containing the Regulations

As a non-statutory undertaking is under no legal
obligation to notify any official body of the construction
and operation of a line, but such lines are, nevertheless,
subject to official regulations, the serving of the notice
calling attention to the necessity of complying with these
regulations would appear to present a problem. In
practice, the difficulty is not great. The Post Office has,
of course, a very widespread network of both overhead
and underground lines and because of the legal obligation
of statutory undertakings to notify it of new works, it is in
a very good position to observe any which may be built
by a non-statutory undertaking that is not required to
serve such notices. When officers of the Post Office
observe that a private person or body has constructed a
line which extends beyond the boundaries of the owner’s
property, i.e. has become in law a non-statutory under-

taking, the Ministry of Power is informed. It is quite
possible that the Ministry may be advised of the existence
of the non-statutory undertaking by some other source,
but in any event the Ministry, once having knowledge of
the existence of the undertaking, serves on its owner a
notice requiring that the line conform with the appro-
priate regulations. At the same time, the Ministry
advises the Post Office that this has been done.

If it is known that the lines of the non-statutory
undertaking endanger Post Office circuits, the Post
Office is entitled to write to the undertaking asking that
a notice be served on it describing the line and including a
plan showing its position and the method of construction.
Having received this information, the Post Office may
then serve a counter-notice on the owner, requiring such
alterations to the method of construction or position of
the power line as it considers necessary for the pro-
tection of its own lines or other works.

It is also laid down that one month before commencing
any further works (excluding repairs or the like) a further
notice and plan must be served on the Post Office,
describing the new works. This is to enable the Post
Office to inform the non-statutory undertaking of any
alteration to the proposed work which may be required
for protection of its lines. Failure of the owner to comply
with such a notice is deemed to be a non-compliance
with the requirements of the Ministry of Power’s notice
and can lead to legal proceedings in a court of law.

If the non-statutory undertaking prefers, it may,
instead of securing protection of the Post Office circuits
by working on its own line, ask the Post Office to secure
protection of its plant by alterations to the Post Office
lines. The Post Office is prepared to accept this arrange-
ment, providing the undertaking will agree to meet the
cost. Where work is carried out on the non-statutory
undertaking’s plant, it is done at the cost of the under-
taking.

Book Review

“Electric Lifts.”” R. S. Phillips, M.LLE.E. Sir Isaac Pitman
& Sons, Ltd. 411 pp., 235 ill. 63s.

This is the fourth (1958) edition of the well-known book,
published in 1939, which has been revised to bring it up to
date.

The first chapters are headed, “‘Design and Traffic
Analysis,” and ‘“*Accommodation,” and the book then
goes on to devote chapters to fairly detailed descriptions of
all the main features of lifts of various types. All of this,
whilst conforming to the principles of sound technical
descriptive writing, deals little with engineering design.
It is in no sense a treatise on engineering design, and is
obviously not so intended. To an engineer. the wealth of
pictures, instead of engineering drawings, are rather
disappointing since pictures do not lend themselves to an
understanding of details of mechanisms. This is particu-
larly frustrating with the pictures of the various types of
safety gear. To finish off the carping criticism it is con-
sidered that the theoretical treatise on traffic flow and the
derivation therefrom of sizes, speeds and features of lifts
would not likely be undertaken in practice save on rare
occasions. But the book will admirably serve as a reference
for architects or others who are dealing with lift instal-
lations, and who wish to have a comprehensive survey of the
best current practice, how it is provided. and the structural

and other requirements. Moreover, there is indicated at all
stages the basic theoretical calculations which govern the
fundamental features of the machinery, such as the deter-
mination of the numbers and sizes of ropes, the horsepower
of the motor, etc.

The chapter describing the facilities offered by various
types of control system is followed by one on controller
panels, which indicates clearly the general principles, and
follows up with detailed circuit operation of a few typical
units. There is a very useful chapter on maintenance and
testing, full of sound practical advice. Indeed, throughout
the book there are details such as clearances, tolerances and
so on whose basis is empirical but which have been found
to be the best practicable (or possible) for satisfactory
operation. Some of this class of information has now
found its way into the British Standards-Specifications.

The final chapter on lift accidents presents a sensational
climax to the preceding sections of the book that deal with
safety gear, maintenance and inspections. Whilst it shows
a reassuring trend in post-war years, the details given
showing how and why a number of unfortunate people met
their deaths are an arresting challenge to engineers and
underline one aspect of their responsibility in this industrial
age. The presentation is typical of a Welsh author impelled
by strong humanitarian feelings and with a flair for creating
an effect.

1.P.O.E.E. Library No. 1455. F. A. H.
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Waveform Distortion in Television Links
Part 2—The Measurement and Correction of Waveform Distortion
I. F. MACDIARMID, AM.LE.E.T

U.D.C. 621.3.018.782:621.397.2

The reasons for the use of certain standardized test waveforms in the
specification and measurement of the linear transmission performance
of television links were given in Part 1 of this article. In Part 2,
which includes a brief description of the techniques of waveform
measurement, consideration is given to the application of tolerance
limits to the waveform responses of television links. An outline is
given of the principles of the routine-test and acceptance-test
methods of obtaining the rating factor of a link. Finally, an introduc-
tion is given to the basic ideas of the correction of waveform distortion
without recourse to conventional steady-state measurement and
equalizing techniques.

INTRODUCTION

HE first part of this article introduced the idea of

thinking about the linear transmission performance

of television links in terms of their responses to
chosen test waveforms in preference to the more
traditional steady-state responses. If waveform responses
are to be useful in practice, it is necessary to be able to
specify and measure the performance of a link in terms
of its waveform response in such a way that the tolerance
limits are related to subjective picture impairment.
How this can be done is the topic considered first in this
part of the article.

The ability to measure and specify the overall per-
formance of links would in itself be sufficient justification
for the use of waveform testing. It is, however, also
possible to reduce the waveform distortion on a link to
tolerable limits by the use of suitable “waveform correc-
tors” (analogous to residual equalizers) whose values or
settings are obtained entirely from waveform measure-
ments. The correction of waveform distortion in this
way is the final topic discussed in the article.

THE MEASUREMENT AND SPECIFICATION OF WAVEFORM
DISTORTION

The Technique of Waveform Measurements

The idea of using a waveform displayed on an oscillo-
scope as the basis of precision measurements of distortion
may seem a little strange to those who have not been
closely associated with such techniques. This is because
until recently few available oscilloscopes were suitable for
much more than purely qualitative observation. How-
ever in recent years oscilloscopes have improved greatly
and instruments are now available which, when properly
used, are capable of quantitative measurements of high
precision. The essential requirements of an oscilloscope
for waveform measurements are as follows:

(a) A gain-control system and vertical amplifier and
deflexion system which themselves have very small
waveform distortion and whose characteristics are
stable.

(b) The ability to display a completely steady trace
not only when the oscilloscope itself is subject to mains
fluctuations but also when the waveform to be measured
has low-frequency fluctuations superimposed on it.
Such fluctuations may be introduced by the effect of
short-term mains variations on active equipment through
which the waveform has passed.

1 Senior Executive Engineer, Post Office Research Station.
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(¢) The cathode-ray tube and its deflexion circuits
should give as large a display as possible consistent with
very small geometrical and non-linearity distortions and
should give the smallest practicable spot size. It should
also be possible to prevent mains hum, which may be
present on the waveform being displayed, from thicken-
ing the trace.

{d) Suitable voltage-calibration and time-calibration
facilities of the required accuracy.

(e) The ability to use and easily interchange graticules
in front of the cathode-ray tube,

A number of other features which must be considered
when selecting an oscilloscope, such as ease of operation,
are desirable rather than essential and so are not listed
here.

The greatest accuracy in the measurement of waveform
distortions is obtained by photographing the waveform
displayed on the oscilloscope and making the measure-
ments on the negative with a measuring microscope.
Care is required to ensure that optical distortions and
uneven negative shrinkage do not contribute to the
inaccuracies. As in other types of measurement the
greatest accuracy is obtained by comparison. To do this
the output of the waveform generator is first connected
to the oscilloscope and the waveform photographed.
The link or equipment to be measured is then introduced
and a second photograph obtained. Comparison of the
microscope measurements on the two photographs will
then eliminate a number of the possible causes of error.
For greatest accuracy it is advisable that the traces
photographed should be of the same size and in the
same position on the cathode-ray tube.

For most purposes the complication and delay in-
troduced by the use of photographs is undesirable and
the somewhat smaller accuracy which can be achieved
by direct measurement from the oscilloscope is accept-
able. Such measurements are most conveniently made
with a suitable graticule placed in front of the cathode-
ray tube. Special-purpose graticules for measuring
particular types of waveform distortion are described
in the next section but a general-purpose graticule for
measuring the relative amplitudes of parts of a waveform,
e.g. percentage overshoot, is shown in Fig. 13. This
makes use of the diagonal-scale principle—an old idea,
but one which does not seem to have been used hitherto
for oscilloscope graticules. In use, the oscilloscope
controls are adjusted so that the full amplitude of the
waveform is between the 0 and 1009 lines, and then the
waveform is moved horizontally until the desired
point on it coincides with one of the intersections of the
diagonal lines and the vertical lines. This enables the
desired amplitude to be read to within 1.

The principal inaccuracy in the use of graticules is the
parallax error. There are various ways of avoiding this,
the simplest being to provide a hood in front of the
cathode-ray tube with a small eyehole to keep the viewer’s
eye in a fixed position. However, this is not normally
required in practice as the quantities which it is desired
to measure are usually small departures from a reference
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FIG. 13—DIAGONAL-SCALE GRATICULE

line on the graticule and it is not difficult to view the
reference points on the trace and graticule simultaneously
with the measuring points, with the eye in a fixed position.

It will be recalled from the examples given in Part 1
that, when the pulse-and-bar test waveform is used,
distortions normally appear as variations in the pulse/bar
amplitude ratio and/or as departures from flatness of
parts of the waveform which should be straight horizon-
tal lines. The technique of double triggering the oscillo-
scope to display the pulse and the bar simultaneously
enables small changes in pulse/bar amplitude ratio to
be detected. The departure from flatness of part of the
waveform can be observed most sensitively if the oscillo-
scope time-base controls are adjusted to make the sloping
part have an angle of about 45 with the horizontal.
This is illustrated in Fig. 14, which shows the waveform
response of an exponential overshoot distortion (2%
magnitude and 12 us time-constant) with two different
settings of the oscilloscope time-base. In Fig. 14 (a) it is
difficult to say whether the distortion is present or not,
but in Fig. 14 (b) it can easily be seen. It is worth point-
ing out that this waveform distortion (one-fifth of the
amount shown in Fig. 5 (a)*) corresponds to a variation in
gain/frequency response of about 0-2 db. It will be appre-
ciated that very much smaller amounts of this class of
distortion can be observed directly on the full-size dis-
play of an oscilloscope than can be seen on the reduced-
scale reproduction used here.

l !115!
H { b
' S
L—E b

@) @

The distortion is exponential overshoot of 2 °; magnitude and 12 us time-constant
1n each case

FIG. 14—EFFECT OF OSCILLOSCOPE TIME-SCALE ON VISIBILITY OF
WAVEFORM DISTORTION

The technique of viewing the waveform while adjusting
the time-base controls over a wide range of sweep speeds
is a particularly sensitive method of finding small distor-
tions. Itis possible in this way to find distortions which are
too small to measure accurately with a graticule. The

* Part 1—Vol. 52, p. 111, July 1959.

method is particularly useful when adjustable networks
are being used to improve the waveform response.

The Rating Factor

The desirability of measuring waveform distortions in
a manner which is quantitatively related to the subjective
impairment of television pictures has already been
mentioned in Part 1. A method of doing this was
proposed by Dr. N. W. Lewis' in 1954 and has been used
successfully by the Post Office and other organizations
since that date. There is little to be added to the 1954
paper but it seems desirable to include a brief description
of the method together with some explanatory comment
based mainly on questions which have been posed
verbally to Dr. Lewis and the author from time to time.

The basic aim is to find a method of placing tolerance
limits on waveform responses such that for a tolerance
of given size the picture impairment would be the same
irrespective of how the waveform reached the limits. To
meet the need to have limits of various degrees of
stringency to suit the different requirements for individual
items of equipment or complex chains of links, the limits
are expressed numerically in terms of a rating factor, K,
whose value can be chosen to suit the individual require-
ments. For example, it is recommended that, for the
405-line system, an international “hypothetical reference
circuit” (a 2500 km circuit with two intermediate video
interconnexion points) should have a rating factor
not exceeding 59, while a short video link on coaxial
cable (up to 6 miles) should have a rating factor of less
than 0-59%, and a single video amplifier one of less than
0-25%.

The standard of comparison, used in comparing
subjectively the effects of different types of distortion, is
a single undistorted echo with a time delay greater than
4/3 us. The relative amplitude of this echo is numerically
equal to the rating factor, i.e. a 5% echo at 2us has a
rating factor of 59,. Any other type of distortion with a
rating factor of 5% should give approximately the same
degree of picture impairment when judged subjectively.
It should be pointed out that in comparisons of this
sort there is always a very large spread of opinion;
two distortions, judged to be equal by one viewer, may
give an entirely different impression to another. The
waveform limits used in determining the rating factor
have been arrived at partly from theoretical considera-
tions, partly from the measurement of distortions on a
large number of links, and partly from subjective obser-
vations of a large variety of distortions by a small num-
ber of experienced observers, viewing under critical
conditions. The rating system is therefore essentially
empirical but experience has not yet shown the need for
any change in the limits since they were first introduced.

The rating system can be used in two different ways.
It can be used either as a “Go/No-go” gauge to determine
whether or not a link is meeting some prescribed
standard of performance, or as a means of expressing
the results of measurements on a link. In the latter case
several different values of K are obtained corresponding
to different features of the waveform response. Whenitis
desired to express the performance of the link by a
single figure the largest of the measured values of K is
taken.

Two different methods of measuring the rating factor
are available which are known as the ‘“‘Routine-Test
Method” and the “Acceptance-Test Method.” In the
former, the rating factor is obtained directly from
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measurements on the oscilloscope using graticules and,
as the name implies, the method is suitable for routine
tests and many similar purposes where a quick answer
is required and where simplicity is important. The
acceptance-test method is more complicated and involves
making microscope measurements from photographs of
the waveform and calculating the rating factor from
these measurements. This method gives greater accuracy
than the routine-test method at the cost of speed and
complication.

Routine-Test Method. The response to the 27 pulse-and-
bar test waveform is measured with the aid of graticules
of the type shown in Fig. 15 (@) and (b). The actual
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(a) Response to 2T pulse-and-bar test signal
(h) Response to 27-pulse test signal. Unit interval=1/6 us
(c) Response to 50 c/s square-wave test signal

FIG. 15—WAVEFORM RESPONSE LIMITS

graticules must of course be engraved for some specific
value or values of K. For example the limits shown for
the top of the bar in Fig. 15 (a¢) would be at 1-04 and
0-96 for K=49,. It is convenient to have limits for two
values of K on a single graticule, e.g. 2% and 4%, other
values being obtained by interpolation. Where the range
of values of K encountered is very large it may be
necessary to have more than one graticule of each
type to cover the range.

Using the graticule in Fig. 15 (a), the oscilloscope
controls are adjusted so that the trace coincides with the
reference points B, W, M1 and M2. The top of the bar is
inspected to see whether or not the response is within the
appropriate limits or, alternatively, the value of K for
the top of the bar can be estimated by interpolation.
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The first microsecond of the response on either side of
the transition is excluded from this measurement, as
distortion in this range is indicated more sensitively by
the response to the sine-squared pulse. The same graticule
shows limits for the height of the 27 pulse with respect
to the bar; this is another featurz of the waveform
response used in determining the rating factor.

The shape of the 2T sine-squared pulse is next inspected
using the graticule in Fig. 15(b). The oscilloscope
controls are adjusted so that the trace has the same
amplitude as the graticule and is placed centrally in it
with the correct time scale. The time scale can be set
most conveniently by adjusting the time-base controls
to make a timing-wave, temporarily replacing the
incoming signal, coincide with suitable reference marks
on the graticule. As before, the graticule can be used to
determine whether or not the 27-pulse response is within
limits or, alternatively, to determine the rating factor of
the worst feature of the response. The shape of the limits
on this graticule takes account of the fact that distortions
such as echoes having short time delays are less visible
on a picture than the same distortions with longer time
delays.

The spectrum of the 2T pulse-and-bar waveform is
confined to a 3 Mc/s band-width and consequently there
is no difficulty in placing limits on its waveform response.
The T-pulse, however, has a spectrum extending to about
6 Mc/s and the response of a link to a 7T-pulse depends
therefore not only on its performance up to 3 Mc/s but
also on its performance between 3 and 6 Mc/s, which is
largely irrelevant to its suitability for passing 405-line
pictures. It is therefore not possible to place hard-and-
fast T-pulse limits on the response of a link using the
routine-test method. However, a few features of the
T-pulse response are measured and compared with
measurements made when the link was first lined up so
that any deterioration may be detected. The features to
be measured, together with some very tentative figures
corresponding to various rating factors, are shown in
Table 1.

TABLE 1
Features of 7-Pulse Response Measured in Routine-Test Method

Rating factors

Features |
Pre |20, | 3%, 4% 5% 6%
F ' | |
Half-amplitude dura- 0 245 | 0250 0 255 0 260 0265 | 0270
tion, maximum us)
Ringing frequency,
minimum (Mc/s) 3 3 3 3 3 3
First lobe (negative). |
leading or trailing, |
maximum (%) 10 2 4 16 18 ! 20
Second lobe (posi- ‘
tive), leading or trail-
ing, maximum (%) 6 8 9 | 10 11 12

The figures in Table 1 refer only to links having a
relatively sharp cut-off just above 3 Mc/s, and even in
this case can be used only as an empirical guide. It
may be convenient to measure the bar/7-pulse amplitude
ratio in addition to the features shown in Table 1.
Distortions affecting the half-amplitude duration of the
T-pulse will in most cases also affect the bar/T-pulse
amplitude ratio and it is easier to detect small changes
in this quantity than in the half-amplitude duration. A
graticule of the type shown in Fig. 13 is most useful for
T-pulse measurements.






representing the response of the tandem connexion of
the link and the ideal filter.

The measurement and filtration process are carried out
both for the link response and that of the test equipment.
By dividing the link time-series by that of the test equip-
ment a resultant series is obtained which is free from
any imperfections of the test equipment (except non-
linearity). This series represents the “filtered impulse
response’ of the link or, in other words, the response
of the link to a pulse whose shape is defined by
(sin7t/T)/(wt/T). The waveform of this pulse is shown
in Fig. 17. Tts spectrum is uniform in amplitude up to a
frequency 1/2T and zero at higher frequencies.
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The sampling points for the time-series with interval T are marked.

FIG. 17—IMPULSE RESPONSE OF IDEAL LOW-PASS FILTER (CUT-OFF
FREQUENCY 1/27)

The time-series representing the filtered impulse
response of the link contains all the required information
about the distortion introduced by the link up to the
highest frequency of interest. If the link were distortion-
less the filtered impulse response would be
(sint/T)/(mt/T") and the time-series representing it would
contain only one term—the one representing distortionless
transmission. This is because, at each sampling interval
in the final time-series with 1/6 us spacing, the ringing
associated with the ideal low-pass filter response is pass-
ing through zero, as illustrated in Fig. 17, and the only
non-zero sample is the one at the time reference point
which, in this case, coincides with the peak of the pulse.
When distortion is present additional terms appear in
the time series and in the same way each distortion term
represents the magnitude of a (sin #¢/T)/(#t/T) pulse
whose peak occurs at the time appropriate for that
distortion term. The time-series therefore contains a
central or main term representing the undistorted
transmission, plus a number of distortion terms at
intervals of 1/6 us on either side of the main term, the
magnitude of each distortion term being the amplitude
of an echo of the main term occurring at the appropriate
time. The idea of expressing distortions in terms of
echoes thus appears again. In this case the echoes do
not need to appear in symmetrically placed pairs be-
cause they do not represent attenuation or phase distor-
tion considered separately.

Before finding the acceptance-test rating factor one
more time-series must be formed. This is obtained by
multiplying the filtered impulse-response series by a
series [1/2,1,1/2] which is a simple approximation to a
2T sine-squared pulse. The resultant series therefore
represents approximately the 27-pulse response of the
link, calculated from its response to a 7-pulse.

Four different types of restrictions are placed on these
series, each representing a limit on a different property
of the waveform response and yielding a different rating
factor. Details of the arithmetical operations will not be
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given here but the approximate significance of the
operations is useful as it permits comparison with the
limits used in the routine-test method. The limits used
in the acceptance-test method are as follows:

K1 This limit is closely equivalent to the limit
placed on the shape of the 27T response by the
graticule shown in Fig. 15 (b).

K2 This limit is closely equivalent to the limit
placed on the 2T bar/pulse amplitude ratio used
in the routine-test method.

K3 This limit is equivalent to a restriction on a bar/
pulse amplitude ratio where the test signal is a
hypothetical pulse-and-bar waveform in which
the pulse is an ideal filtered impulse.

K4 This is an upper limit on the average amplitude,
ignoring signs, of the 16 central echo terms of the
filtered impulse-response time-series.

While K1 and K2 have close equivalents in the routine-
test method, K3 and K4 have not. K3 takes account in
one way of distortions near the upper-frequency limit
of the link. In the routine-test method these distortions
will usually affect the half-amplitude duration of the
T-pulse response and/or the initial amplitude of the
ringing. K4 takes account of excessive ringing, too low a
cut-off frequency in the link and/or a long train of
echoes whose magnitudes are not individually great
enough to reach one of the other limits.

As in the routine-test method, when a single overall
rating factor is required for a link, the largest value of
K obtained for K1, K2, K3, K4, the bar response or the
50 c/s square-wave response is taken.

The Tandem Connexion of Links

One of the difficulties which arise from expressing the
performance of links in terms of their waveform response
is that of obtaining the waveform response of a tandem
connexion of two or more links when the waveform
responses of the links taken separately are known.
For some simple or idealized distortions the solution
can be obtained explicitly by means of the convolution
integral (or Duhamel integral), details of which will not
be given here. For most distortions experienced in
practice numerical integration is required and the most
convenient way of doing this is by the multiplication of
time-series referred to above. However, when the wave-
form distortions are small, the approximate result of
tandem combination of two links, whose waveform
responses are known separately, can be obtained simply
by adding the two distortions. The justification for this
can be seen by considering a simple example.

Since it is possible to express waveform distortion in
terms of echoes, it will be sufficient to consider an
example where the distortion in each link consists of a
single echo. Consider a link with a single erect echo
of 109, amplitude at 1ps connected in tandem with
a link which has a single erect echo of 5% amplitude
at 1 us. If a 2T-pulse is applied to the first link the output
will consist of the pulse followed at lus by a 109
echo. The pulse will come through the second link
unchanged and so will the echo. The second link will
however introduce an echo of the pulse at 1 us and of 59
amplitude. This will coincide with the echo from the
first link and add to it giving an echo of 15%, 1us after
the pulse. The echo from the first link will, however,
also cause an echo to be produced by the second link
which will have an amplitude of 5°; of 109, i.e. 0-59%,
and will occur 2 us after the pulse. For many purposes



this subsidiary echo can be considered to be negligible.
Thus we see that there is a “tendency of corresponding
echoes to add,”® which is a most useful result when
considering the addition of small waveform distortions.

A further question of practical importance is how the
rating factors add up when a number of links are con-
nected in tandem. This problem has no complete
solution except where the time-series of the individual
links are available. Then, by multiplying the individual
time-series, that of the tandem combination can be
obtained and the overall rating factor calculated.

Where only the rating factors are known the situation
is more difficult. For reasonably small distortions the
K2 and K3 rating factors, or the corresponding 27T
bar/pulse figure in the routine-test method, all add
algebraically. Where links are of a similar type and the
distortions are systematic rather than random, the rating
factors tend to add linearly. Where the distortions are
random, as for example where they are due to component
tolerances, or where individual correction to obtain the
best possible rating factor has been used, or where a
large number of links with dissimilar equipment are
involved, the rating factors tend to add on a root-
sum-square basis.

In practice, when a reasonably large number of links
are involved, the rating factor of the tandem combination
usuallylies somewhere between that obtained by linear and
root-sum-square addition of the individual rating factors.

THE CORRECTION OF WAVEFORM DISTORTION

Having obtained a suitable method of measuring
waveform distortion and methods of placing limits
on it, the next question is what to do if the response
of a link or piece of equipment falls outside the desired
limits. Continuing with the approach which has been
developed in this article, it is obviously desirable to deal
with the distortion on a waveform basis rather than to
refer back to steady-state measurements. Although in
the present state of the art this is not always possible,
a good deal of progress has been made in the correction
of waveform distortions on a video-to-video basis.
The subject is however a large one and only an introduc-
tion to it will be attempted here.

The presence of waveform distortion in a linear
transmission system is synonymous with imperfection
of equalization. Consequently, to reduce the waveform
distortion to tolerable limits, the equalization must be
improved. Equalization, in the steady-state sense, is a
highly developed art. It involves three main steps prior
to the construction of the equalizer network. The first
of these is the measurement of the distortion in steady-
state terms. Secondly the desired equalization characteris-
tic must be approximated within the desired tolerance
by a network function which can be realized physically.
Thirdly the network itself must be synthesized from
the function. In practice the second and third steps are
sometimes combined. Three sources of error exist in
the process, viz. errors in measurement, approximation
tolerances, and tolerances in the construction of the
final network. It has already been pointed out that
tolerances in steady-state response cannot easily be
transformed into tolerances in waveform response and
vice versa, with the result that improving the equalization
of a television link by normal steady-state means is often
a very disappointing process.

To ensure that the design tolerances in an equalizer
are such that they have the minimum undesirable

effect on the waveform distortion it is essential that the
measurement and the approximation processes are car-
ried out on a waveform basis. Fortunately this is quite
easy to do in many cases—easier in fact than by the
normal steady-state methods. The measurement of
the distortion with a suitable test waveform and oscillo-
scope has already been described. The approximation
problem can be solved by introducing into the circuit
a suitable adjustable network and operating its controls
until the waveform response lies within the desired
limits. The settings on the adjustable network can then
be used to obtain a fixed network for permanent installa-
tion, or in some cases, such as the reduction of distortion
on a long link whose characteristics may be expected
to vary with time, it is often more convenient to leave
the adjustable network permanently in circuit. The
use of an adjustable network with a display of the wave-
form response is equivalent to the use of an analogue
computer to solve the problems of approximation to the
desired equalization characteristic by a realizable network
function and the transformation of tolerances of gain
and phase to tolerances of waveform distortion. In this
case, however, no analogue is required as the quantities
of interest can be measured directly.

Networks designed in this way are known as “Wave-
form Correctors” to distinguish them from equalizers
whose purpose is to make “equal” gain/frequency and
group-delay/frequency characteristics. The circuit ar-
rangements used for waveform correctors and equalizers
may in fact be identical—it is only the basis of the design
that is different. The first use of waveform correctors
was almost certainly for the correction of telephone
cable pairs for television outside broadcasts.>* In this
instance the replacement of the adjustable networks by
fixed networks was not considered, due to the temporary
nature of the links.

Almost any form of adjustable equalizer can be used
as a variable waveform corrector provided that the
components can be chosen to give a waveform distortion
in the opposite sense to that which must be corrected.
It is desirable that the various controls should be free
from interaction and should produce easily distinguish-
able effects on the waveform. Experience has shown,
however, that these features are by no means as import-
ant as was first imagined. A variety of circuits have been
used successfully as waveform correctors and there is
still scope for development on these lines. By way of
illustration of the potentialities of waveform correction
two arrangements will be described which are commonly
used on television links.

The “Exponential” Waveform Corrector

A commonly occurring distortion both on television
links and other video equipment is the exponential wave-
form distortion illustrated in Fig. 5.* A circuit arrange-
ment which has been found very convenient as an
adjustable waveform corrector for dealing with distor-
tions of this type is shown in Fig. 18. The alternative
connexions to the adjustable attenuator are chosen
according to whether an overshoot or undershoot is
required. If the distortion to be corrected is an overshoot,
the corrector must produce an undershoot and vice
versa. Adjustment of the attenuator alters the magnitude
of the correction without affecting the time-constant.
Adjustment of the inductor or capacitor (either by
variable components or by switching between fixed values)
* Part 1—Vol. 52, p. 111, July 1959.
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FIG. 18—VARIABLE "EXPONENTIAL" WAVEFORM CORRECTOR

alters the time-constant but not the magnitude. Thus
the correction can be adjusted by two independent con-
trols to bring the waveform response within limits.
When a fixed corrector of the same performance is
required this can be obtained in the bridged-T constant-
impedance form using the values shown in Fig. 19.
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FIG. 19—BRIDGED-T WAVEFORM CORRECTOR TO GIVE THE SAME
WAVEFORM RESPONSE AS CIRCUIT IN FIG. 18
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In some cases simpler networks will be suitable. These
can be obtained from the bridged-T form by normal
equalizer equivalences.’

Other forms of adjustable exponential corrector are
possible and may be more convenient in some cases.
The circuit shown can also be used with more complicated
impedances connected to the adjustable attenuator to
correct more complicated waveform shapes. There is
much room for the ingenuity of the designer in devising
suitable circuits.

The Echo Waveform Corrector

On long television links there is usually an appreciable
waveform distortion resulting from tolerances in equaliza-
tion. This is particularly true of long cable links where
the residual distortions may be very complex in form.
The reduction of these distortions by conventional
equalizer networks would require very complicated net-
works which would be different for every link. The
waveform approach, however, suggests a different type
of solution. Because it is possible to represent any
distortion in a restricted band-width by a series of echoes
which may arrive both before and after the main signal,
a waveform corrector which produces an inverse series
of echoes is capable of cancelling any distortion no
matter how complicated. Correctors of this type have
been designed by the author’s colleague, Dr. J. M.
Linke," and are known as ‘“echo waveform correctors,”
one form of which is in common use and will be briefly
described here.
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FIG 20—SIMPLIFIED DIAGRAM OF ECHO WAVEFORM CORRECTOR

A simplified block diagram is shown in Fig. 20, from
which it can be seen that the input signal is connected to
a 3 us delay line which is terminated at its far end. The
main output signal is taken through suitable amplifiers
from a tapping 1 us along the line. The main signal path
is shown with a thicker line in the diagram. Since the
delay line is properly terminated and free from inter-
mediate reflections the only effect of the main signal path
is to delay the signal by 1 us. However, the delay line is
also provided with tapping points every 1/6 us along its
length (only a few of them are shown in the block
diagram). These are provided with echo-amplitude
controls arranged in conjunction with the combining
amplifiers so that erect or inverted echoes, whose
amplitudes are adjustable through zero, can be added to
the main signal. An echo from the beginning of the delay
line is therefore 1 us in advance of the main signal while
that from the end of the line is 2 us after the main signal.
The intermediate tappings give echoes at 1/6 us intervals
within this range. The corrector is therefore capable of
adding to the signal applied to it, an array of echoes of
this signal with 1/6 us spacing in the range —1 to 4 2 us.

The waveforms shown in Fig. 9 and 12* were produced
with the aid of an echo waveform corrector; Fig. 9 shows
the response with single echoes added while Fig. 12 shows
the response with three arrays of echoes. In the latter, the
echoes do not appear as separate entities because they
are spaced at 1/6 us intervals and the signal is the
27T-pulse which causes each separate echo to have a sub-
stantial overlap with its neighbours.

When used as a corrector at the end of a link the 27
pulse-and-bar waveform response is first inspected with
all the echo-amplitude controls at zero. The controls are
then adjusted, in turn, starting from the ends of the delay
line, to restore the waveform as nearly as possible to its
undistorted shape. The controls nearest to the main
tapping are adjusted to give the correct T-pulse response.
It may be necessary to go over the adjustments more
than once to obtain the best results. An example of the
correction of a typical link response is shown in Fig. 21.
In this example the rating factor is reduced from about
49 to less than 1%,

Waveform correctors of this type are used for dealing
with residual distortions on long links whose trans-
mission performance may vary somewhat with time.
Consequently no attempt is made to replace the adjust-
able corrector by a fixed equivalent.

CONCLUSIONS

Some of the advantages of specifying, measuring and
correcting the linear transmission performance of
television links in a consistent manner using their response

*Part 1—Vol. 52, p. 112 and p. 114. July 1959.
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FIG. 2—TYPICAL GATING

shaft) and 2A cam (2 r.p.m. shaft). The 3A spring-set
operates three times and the 2A spring-set twice per
minute and their operations coincide once per minute,
thereby allowing one pulse from the basic-pulse train to
reach the 1 pulse/minute terminal. Similar methods are
used to derive other pulse rates that are not available
directly. Despite the apparent complexity the total
number of cams required (36) does not greatly exceed the
total number of outputs.

Some restriction was placed on gating by the fact that
the same hump profile was used on all cams so that the
contacts controlled by the 6, 3 and 2 r.p.m. shafts were
operated for periods of 500, 1,000 and 1,500 ms respec-
tively. It was therefore necessary in some cases to use
two gating-contacts in series to ensure that only the
desired pulse in the basic train was selected, without any
vestiges of the adjacent pulses. Thus the 84 pulses/
minute basic-train cannot be gated directly by the 14
pulses/minute contacts on the 2 r.p.m. shaft, but must
first be gated by the 42 pulses/minute contacts on the 6
r.p.m. shaft. This is illustrated in Fig. 3, from which
tolerances have been omitted for the sake of simplicity.
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FIG. 3—TYPICAL DOUBLE GATING

The use of the same hump profile simplified the cutting
of the cams and, in any case, any advantage gained by
reducing the humps on the gating cams (to obtain narrow
gates) would have been offset by reduced cam-life and
by marginal operation of the gating contacts.

The meter pulses are taken from the -+ 80-volt
signalling battery via 20-ohm protective resistors.
Change-over spring-sets are employed so that when
battery is not applied a guard earth can be connected to
the pulse leads to safeguard the meters from operation
from stray fault currents. It is necessary to monitor the

2 COLLINS,. J. H., and CoLLIER, E. G. The Testing of Tele-
graph Machines. P.O.E.E.J., Vol. 49, p. 7., April 1956.

pulse output terminals continuously so that faults can be
detected immediately in order to prevent false operation
of meters, i.e. either under or over operation. The prin-
ciple adopted was to duplicate each pulse supply com-
pletely on the machine and to check the two supplies at
each rate against each other by a simple comparator
relay circuit external to the machine. Failure of either
pulse supply causes an alarm to operate. To provide
duplication each spring assembly comprises two change-
over spring-sets; the number of cams is thus unaffected.
Duplication of supplies enables the current loadings on
the contacts to be reduced.

The maximum instantaneous drain on the -+ 80-volt
supply must be kept to a minimum and to achieve this it
is necessary that the pulses at different fee-rates should,
as far as possible, not coincide. This is achieved by
judicious choice of the pulses to be gated (e.g. in Fig. 2
it will be observed that the 1 pulse/minute and the 3
pulse/minute supplies never coincide) and by relative
phasing of the cams. At the London (Fleet) telex ex-
change the loads due to the 3 pulses/minute and 4 pulses/
minute supplies are expected to be especially high, and
in anticipation of this, separate “reserve’ outputs are
provided at these rates and so staggered as not to coin-
cide in time with the main supplies or the 1 pulse/minute
and 2 pulses/minute supplies.

SPEED CONTROL

The machine is driven by a 160-volt d.c. shunt motor,
the speed of which is controlled very closely at 3,000
r.p.m. by means of a 50 c/s valve-maintained tuning-
fork using the same method as that employed on tele-
graph signal generators>. Common tuning-fork equip-
ment is used for both the meter-pulse and message
signal generators at a telex exchange.

MANUFACTURE AND INSTALLATION

The cam-shafts are driven through reduction worm
gearing which is totally enclosed in a gear-box. The
lower gears run in the oil sump and a pump is provided
which distributes oil from the sump to the upper gears.
Great care has been taken in the design and assembly
of the gearbox to minimize back-lash, which would
upset the phase relationship between shafts and hence
possibly cause mis-gating. The gears are of robust
construction and intended to give reliable operation
throughout the life of the machine.

To achieve the desired performance, the greatest care
has been necessary in the manufacture of the machine,
particularly the cams and the cam-shaft couplings. In
view, however, of the possible accumulation of manu-
facturing tolerances it was considered necessary to check,
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electrically, the gating with the machine running. For this
purpose the -+80-volt battery connexions were replaced
by earth connexions and each output terminal was
connected in turn to a single-pen recorder (a telegraph
undulator was actually used) arranged to record the
disconnexions during the travel of each lever-spring.
The modulator record obtained from the typical double-
gating of Fig. 3 is shown in Fig. 4. From such a record it
is possible to deduce quite readily whether the pulses are
central with respect to the gates, whether a pulse has
been “clipped” by a gate and whether vestigial traces of
unwanted pulses are present. This method of testing
enabled the inspection of completed machines to be

carried out confidently with a minimum of effort.

The machine is designed to mount inside a glass-
windowed dust-proof enclosure on a standard 2ft 9in.
wide rack. The mounting shelf is on runners, which enable
the machine to be pulled out on either side of the rack
for maintenance attention. The various connexions to
the machine are brought out on three 33-way plugs and
cords. When in use the plugs are secured in their jacks
by locking devices so as to prevent any accidental dis-
connexion of the pulse supplies. Two machines (main
and reserve) are provided at each installation and are
normally in use alternately, each machine being run for
a week at a time.

C.M.I. Validation at Freiburg, West Germany, June 1959

U.D.C. 061.3:621.395.823

EARLY fifty delegates representing ten European
N and two South American countries and Australia
visited Freiburg in the Federal Republic of
Germany during the week commencing 22 June 1959,
in response to a joint invitation issued by the German
Post Office, Railways and Electrical Industry. The
British Post Office was represented by three delegates
from the Engineering Department, two from the External
Plant and Protection Branch and one from the Telephone
Exchange Systems Development Branch

The Commission Mixte Internationale (C.M.L), to give
it its full title, has a membership which includes interna-
tional organizations representing various industries in a
manner similar to that in which the C.C.L.T.T. represents
the telecommunications industry, i.e. railway, electricity
generation and distribution and gas industries are all
represented in addition to the C.C.I.T.T. The Com-
mission is thus concerned with problems which affect
any two or more of the participating organizations.
Periodically the Commission organizes “Validations”
which are mainly practical demonstrations of methods
of dealing with these problems. No rules or regulations
are formulated by the C.M.I.—these are left to the
constituent organisations—but the “Validations” are
obviously useful in demonstrating the problems and
possible solutions and thus lead to a better understanding
and enhanced co-operation between the parties.

In this instance the main object of the visit was to
consider methods of overcoming interference troubles
caused when single-phase a.c. railway and telecom-
munications systems are in close proximity and/or run
parallel to each other.

Demonstrations were given of methods of measure-
ment of the following items of interest: cable screening

factor; unbalance of exchange equipment; dial-pulse
distortion under interference conditions; voltage differ-
ence between adjacent feeder-stations connected in
parallel; reduction of harmonic induction by means of
a resistor-capacitor circuit connected between contact
wire and earth; equivalent disturbing voltages and
currents of a 220 kV line. The program also included
demonstrations of high-voltage protective devices for
use on telephone lines, a van equipped for studies of
corrosion problems, methods of prefabricated manhole
construction, and a report on the hydro-electric storage
and generating plant at Schluchseewerk.

This varied and interesting program was conducted
in an extremely smooth and efficient manner, which
succeeding hosts will find difficult to emulate. Thorough
documentation of all the proceedings was also provided.

Many of the test results were in conformity with those
obtained in the United Kingdom, but the conclusions
to be drawn from the results would necessarily vary in
different countries owing to detailed differences in design
of telecommunications and traction equipment. The
demonstrations and accompanying descriptions neverthe-
less formed a useful contribution to general knowledge
on a subject which is becoming increasingly important
as the electrification of railways proceeds in various
counfries.

As is well known, the British Transport Commission’s
present program of modernization includes extensive
electrification of the railways using a single-phase supply
at 25 kV, 50 ¢/s, and this will lead to induction problems
which require careful analysis and investigation. After
some further experience has been gained, it may become
desirable for a similar “Validation” to be held in the
United Kingdom. D.W.R.C.
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A Code Translator for Letter-Sorting Machines
J. D. ANDREWS, A.M.LLE.E.T

U.D.C. 681.188:681.178

In sorting mail using a letter-sorting machine, the operator must

memorize up to 144 combinations of a 2-letter code required in the

operation of the machine. A code translator is described which

translates a S-letter code, easily derived from the address, into the
required 2-letter code.

INTRODUCTION

HE sorting of mail in Post Offices requires staff

with considerable sorting knowledge as it is not

uncommon for outgoing mail to the 1,700 or so
post towns to be sorted into 100 or more groups and for
incoming mail, which may be addressed to any one of
more than 1,000 streets, to be sorted into a similar num-
ber of groups. In manual sorting an operator normally
has access to 48 sorting boxes and at least two stages of
sorting are necessary. With the advent of sorting
machines’.? the operator has access to all of the 100 or
more groups; he must, therefore, have knowledge of all
selections in order to fully exploit the machine.

The operator sorts the mail by memorizing up to 144
combinations of a 2-letter code and operating two keys
for every address read, leaving the machine to transport
the various items to the appropriate selection boxes.

The code translator to be described enables the know-
ledge required by the operator to be reduced; it translates
an easily derived “extracted” code into the 2-letter code
required for operation of the sorting machine.

When using such a code translator in conjunction with
a sorting machine the operator is required to extract,
according to a set rule, certain letters from the address
and to type these letters serially on a typewriter-type
keyboard. For the outward sorting process, as at present
being performed at Southampton, a S-letter code is
extracted from the post town name by reading the first
three letters and the last two letters, e.g. Bristol gives the
code BRI OL. For inward sorting at a town such as
Southampton the first two letters and the last two letters
of the street name and the first letter of the type of
thoroughfare would form a practicable 5-letter abbrevia-
tion. Thus, Byron Green Road would have the code
BY EN R and High Street would have the code HIGH S.

The translator can be arranged to identify these
abbreviations and to associate them with any of the 100
or more outlets of the sorting machine by translating the
abbreviations into the 2-letter code required by the
machine. Except where more than one street or town
gives the same 3-letter code or where the mail is not
properly addressed. the mail can be fully sorted by using
this extracted code. The translator is provided with
means to identify shorter codes than the normal 5-letter
codes in order to lessen the time spent typing frequently-
occurring codes.

GENERAL DESCRIPTION

The functioning of the translator may be divided into
two distinct processes. The first process is that of record-
ing the signals which are received from the keyboard.
Fig. 1 shows how the 5 X 26 matrix store may receive,
from the counter, a signal down one of its columns to
meet a signal, from the keyboard, along one of its 26
rows. The resulting current flows through a diode and a
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FIG. 1—BLOCK SCHEMATIC DIAGRAM SHOWING 5-LETTER CODE-
STORAGE PROCESS

magnetic store at the appropriate one of the 130 cross-
points to set the store in a certain magnetic state, thereby
storing the code-letter. The counter is stepped to the next
position 4 ms after this occurs, thus allowing the next
code-letter to be stored in the next column. The trans-
lation is effected during the 2 ms delay which occurs
when the counter is stepping from the fifth to the first
position.

The second process in the translator is that of transla-
ting the signal which has been stored in the magnetic-core
matrix. Fig. 2 shows the “read-pulse” generator which,
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FIG. 2—BLOCK SCHEMATIC DIAGRAM SHOWING TRANSLATION
CONTROL-ELEMENTS

while the counter is stepping from the fifth to the first
position, switches all the cores in the matrix to the “set”
condition simultaneously, at the same time triggering the
“inspection-pulse” generator. The inspection pulse is
passed by the inspection-pulse gate to some of the 4,000
code-wires. Of the 4,000 code-wires only the one bearing
an inspection pulse and threading five “set” cores (i.e.
the wire threading the marked code) is capable of pro-

t Executive Engineer, Post Office Research Station.

1CorPING, G. P. A Single-Operator Letter-Sorting Machine,
Part I—Introduction and the Experimental Machine. P.O.E.E.J.,
Vol. 51, p. 104, July 1958.

2 LaNcTON, H. J. A Single-Operator Letter-Sorting Machine,
Part 2—The Production Machine and Future Development.
P.O.E.EJ., Vol. 51, p. 188, Oct. 1958.
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ducing an output signal in the one “first orR gate” to
which it is connected. This one of 200 possible output
signals is wired to the appropriate pair of the 24 “second
OR gates” which receive and store the signal in the form
required by the sorting machine.

The reset-pulse generator is triggered at the end of the
read pulse and it resets all cores in the matrix to the
“reset” condition in readiness for the next code.

THE TRANSLATION FIELD

Magnetic Stores

The incoming extracted code is passed to a translation
field containing 5 x 26 magnetic storage positions.
These consist of small magnetic cores having a rectangular
B/H or hysteresis loop (see Fig. 3). When a magnetic
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FIG. 3—TYPICAL B’'H CHARACTERISTIC OF STORAGE CORES

field of + Hjuax is applied to a core the flux density in the
core becomes + Buav. If the field is then reduced to
zero the flux density will fall to + By and remain there
until a magnetizing field is again applied. Similarly, a
field of —Huqx applied for a short time will cause the
flux density to remain at —Brem. The material is thus
capable of remaining in one of two discrete states
indefinitely and, in this article, these states are called the
“set” and “‘reset” states.

It is possible to ascertain the state of the core by
applying a “‘read pulse” so as to produce a magnetizing
field in a known direction, and observing the value of
flux change as indicated by the e.m.f. induced in a wire
passing through the core. If the flux density changes
from — Byey to + Bt then a large e.m.f. will be induced
in a wire passing through the core (this signal is called a
“1” signal in this article.) If the initial state had been
~+ Bsein then the induced e.m.f. would have been smaller
(““0”). The actual voltage signals obtained from one-turn
windings on the cores of the translation field during the
read pulse are shown in Fig. 4. It will be seen that a 1
signal, which is of 0-6-volt amplitude, has a duration of
30 ps. The 0 signal is smaller in amplitude and duration.
By using an inspection pulse at a time when the O signal
is very small, as is done in the translator described, a very
high 1/0 signal ratio may be obtained.
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FIG 4—VOLTAGE SIGNALS OBTAINED DURING READ-PULSE PERIOD

The cores are made of an alloy of 79 per cent nickel,
17 per cent iron and 4 per cent molybdenum and were
developed at the Post Office Research Station. The
alloy is made by a powder-metallurgy process and rolled
to a tape having a thickness of 0-00125 in. This tape is
slit to a width of 0-25in. and formed into a “clock
spring” type of core having inner and outer diameters
of 0-8125in. and 1-0625 in. respectively. The material
has a saturation flux density of about 0-8 weber/metre®
(8,000 gauss) and a ratio of Brem/Bsat of about 0-8. The
material requires a field of about 12 ampere-turns/metre
(0-15 oersteds) to cause it to switch in 25 us, as required
in this application, and this field corresponds to about
1 ampere-turn for this size of core.

The Translation

The 5 X 26 matrix of cores is capable of storing a
S-letter code, one code letter in each alphabet column of
26. Reading wires thread this matrix, there being one
wire for each code to be identified; each such wire passes
once through each of the five cores forming a code and
terminates on a diode in the first set of or gates which
are arranged so as to produce the required one out of 144
outputs. These or gates forward a signal only when
they receive a signal above a certain value. Such signals
can occur only during an inspection-pulse period and
only from the wire threading marked cores. Thus, the
required output translation may be obtained from any
code combination.

The normal condition is for all the cores in the matrix
to be in the reset condition. When a code is stored in
the matrix the five cores forming that code are switched
to the set condition. The method of reading the stored
code is to drive, simultaneously, the whole matrix of
cores to saturation in the direction of the set condition,
by passing a current through the “read” wires which
thread every core in the matrix. Cores which were in the
reset condition will exhibit a flux density change of
Bsat + Bjem and will produce a 1 output signal. Cores
which were in the set condition will exhibit a much smaller
flux density change of Bsqt— Bre and will produce an
0 output signal. These signals are shown in Fig. 3.

The wanted signal, i.e. the signal to be detected, is that
resulting from the addition of the O signals produced by
the five cores storing the input, extracted, code. The
unwanted signal most nearly like the wanted signal is
that due to the addition of the O signals produced by
four cores together with a 1 signal from a core not
previously set.

To obtain a better wanted/unwanted signal ratio and
to obtain a wanted signal of opposite polarity to the
unwanted ones a form of neutralization is used. The
method used is to apply a neutralizing signal to all read
wires such as to cancel the unwanted signal most like the
wanted one. To do this a negative signal of (four 0 4 1)
is required. The signal to be detected then becomes
five 0 —(four 0+1)=0—1, and is a negative
quantity since the 1 signal has a greater amplitude than



the O signal; the signal most nearly like the wanted one
has been made zero and all others are positive.

It should now be made clear that the polarity of the
signals from the cores as used in the translator being
described are, for circuit design reasons, the reverse of
those just described, i.e. the resultant signal from the
wanted-code wire is positive and all others are zero or
negative. This was not introduced at the start in order
to make the explanation initially more simple. The six
possible signals, each dependent on the states of five
cores, which may appear on a code wire are shown in
Fig. 5. This shows that the 10 us inspection pulse is
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FIG. 5—THE SIX POSSIBLE SIGNALS THAT MAY BE APPLIED TO THE
FIRST “OR” GATES BY A WIRE DURING THE READ-PULSE PERIOD

applied to all wires, but only on the wanted-code wire can
the resultant signal rise above earth potential to cause an
output signal from the first OR gates.

Each of the wires which thread the core matrix (one
wire for each code) is connected at one end to a common
terminal to which is applied the neutralizing signal
(four 0 + 1) and the inspection pulse.

The wires then pass once through one core in each of
the five columns of 26 cores. The translator is required
to accept a maximum of 4,000 code wires but the codes
are not evenly distributed over the alphabet and, for
example, as many as 500 wires are expected to pass
through the B core in column 1 when the translator
is fully wired. In order to ease the considerable amount
of work involved in wiring the translation matrix
a copper wire of 36 S.W.G. and covered with a
coloured, solderable, enamel has been chosen. The
different colours available allow easy identification
of the wires and the fine gauge allows the wires to pass
freely through the core aperture, which has an area of
0-5in.* 1If completely filled with wires, this aperture
could contain 7,000 wires, but 500 is expected to be about
the practicable limit to the number of wires through one
core. Further steps taken to ease the work of wiring
include the painting of the background to the translation
matrix with a matt white paint to show the fine wires
more clearly, and the provision of a p.t.f.e.* covering
(p.t.f.e. is a material with a very low coefficient of friction)
on all the surfaces over which a wire passes.

The other ends of these code wires are each connected
to a diode. These diodes are grouped to form oRr gates
which give an output signal only when the wanted input
signal is received on one or more of the input wires. The
wanted signal is actually positive in polarity and this is
capable of passing through the or gate and switching
“off” a normally “on” transistor amplifier which is
associated with each gate. There are about 200 of these

* p.t.f.e—polytetrafiuoroethylene

gate-amplifiers in the translator and they thus provide
200 different outputs. Each gate may be equipped with
a maximum of 20 diodes to cater for a maximum of 4,000
different codes. The 200 gate outputs are intended to be
condensed to 144, which are all that are required by the
sorting machines into which the translator will work. The
condensation (by connecting some of the 200 output
signals in parallel) will enable more than 20 codes to be
associated with some outlets if required.

The output from the translator is in the form of a
12 x 12 array such that two signals are necessary—one
from each group of 12—to give the required 144 different
outputs. This condensation from 200 to two out of 24 is
obtained via a second set of OR gates (this time passing
negative signals) which are connected to pulse generators
which strike cold-cathode triode stores.

DESCRIPTION OF CIRCUITS

The foregoing section described how magnetic cores
are used to give a unique characteristic, i.e. a positive
e.am.f., which is detected by OrR gates employing a total
of about 5,000 germanium point-contact diodes.

All signal amplification is performed by transistors, the
choice of the type used being almost always dependent
upon the current-gain characteristic. Only in the
inspection-gate circuit is thermal dissipation the pre-
dominant requirement.

Cold-cathode triodes are used to store the output of the
translator because they can provide both visual indica-
tions as well as the amplitude of signal output required
by the sorting machine, which itself employs cold-cathode
input storage.

Writing a Code in the Translation Field

A counter is required to distribute the five sequential
signals received from the keyboard into the five columns
of the core matrix. This is achieved by allowing only one
counter circuit to conduct at a time, thus allowing any
one of the 26 keyboard-outlets to pass a current through
only one of the 130 diodesina 5 - 26 diode matrix to a
column controlled by the counter. This is shown in
Fig. 6. Associated with each of the 130 diodes is a
winding on a core and any one of the 26 alphabetical
characters may thus be set in each of the five columns in
turn.

The keys operate micro-switches each of which can
apply a charged capacitor to one of the 26 outlets from
the keyboard. A current flowing in any one of the
26 outlets is made to flow through a common 10-ohm
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resistor; the voltage thus produced across this resistor is
applied to the counter (Fig. 7) where, after a 4 ms delay,
it causes the counter to step to the next position. Simple
capacitive smoothing is employed to eliminate the effects
of contact bounce in the micro-switches.

The counter is a form of trigger having five stages of
equal rank and each able to hold the counter indefinitely
in one of the five positions. A selective triggering circuit
allows the conducting stage, which was “‘bottomed,” to
be turned off. This stage, in shutting down, primes the
following stage, thus forming a five-way ring counter.
The ring is broken by a sixth stage which is a 2 ms
flip-flop, and which holds the other stages inoperative
for 2 ms after the fifth stage has been turned off. The
translation is effected during this 2 ms interval while
none of the five stages is conducting.

The emitter current of each of the five (VT1-VT5)
counter stages flows through the emitter-base circuit of
an amplifying transistor (VT6-VT10) the collector of
which is connected to the appropriate one of the five
core columns. Thus, when a counter stage is conducting,
the emitter current of about 10 mA causes the ampli-
fying transistor to be capable of passing a collector current
of not less than 100 mA.

In order to set the cores within a few tens of micro-
seconds a magnetizing field of about 12 ampere-turns
metre (0-15 oersted) is required; this corresponds to
about 1 ampere-turn and, together with the available
100 mA magnetizing current, fixes the number of turns
required on the “write” winding at ten.

Translating Pulse Generators

When the fifth code letter has been registered in the
matrix the counter is stepped to the sixth position. The
translation and resetting occur during the 2ms for
which this sixth position is held. The read-pulse
generator is triggered by the positive-going leading edge
of the 2 ms signal which is applied to the emitter of the
read-pulse generator from the sixth position of the
counter.

The read-pulse generator (Fig. 8) is a 30 us mono-
stable blocking oscillator the transistor of which is
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normally held “off”” by a base potential arranged to be
at least 0-1 volt positive with respect to the emitter when
the maximum expected collector-base leakage current is
flowing. The positive-going triggering signal from the
counter makes the base potential more negative than that
of the emitter. When this occurs collector current will flow
and the e.m.f. induced in the blocking-oscillator trans-
former will cause cumulative switch-on in the usual way.
The transistor will then go to the “bottomed” state with 3
volts induced in the base circuit and less than 0-25 volt
between emitter and collector, the remainder of the supply
voltage appearing initially across the inductor in the
collector circuit. The current in the collector circuit will
then rise linearly at a rate determined by the e.m.f. e
across the inductor and the inductance L of this inductor,
i.e. at a rate of e/L amp/sec. This increasing current must
also flow in the 39-ohm emitter resistor causing a steadily
increasing potential drop across the resistor. When this
p.d., which is in opposition to the e.m.f. induced in the
base circuit, has risen to such a level that the base current
is no longer sufficient to maintain the rising collector
current the transistor leaves the ‘‘bottomed” state
and regenerative switch-off occurs.

The oscillogram in Fig. 9 (@) shows the linearly
increasing emitter current as indicated by the increasing
potential drop across the 39-ohm emitter resistor. Fig. 9
(b) shows the base current which is decreasing due to the
increasing p.d. across the 39-ohm emitter resistor. Fig.
9 (c) shows the nearly-square voltage waveform which
appears at the collector.

The main characteristic required of transistors for use
in this type of circuit is that they shall have a common-
emitter current gain of more than about 10 at the peak
current to be passed. Because the transistors are either
in the “bottomed”™ or ‘“‘off”” state and the transit times
are very short, the dissipation in the transistors is low and
is not normally an important factor governing the choice
of type of transistor.

The conduction time of this form of pulse generator is
largely independent of transistor characteristics and of
external load variation if the maximum value of the
linearly-rising charging current of the inductor in the
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FIG. 8—PULSE GENERATORS

collector circuit is large compared with the load current,
and if the p.d. that appears across the emitter resistor
just before switch-off 1s a large proportion of the e.m.f.
induced in the base circuit.

The rise and fall times of the pulse are very short (less
than 0-5 us with transistors having a cut-off frequency
(f2) of about 500 kc/s). At switch-on this may be
attributed to the high initial base-current when the
collector current is very low. At switch-off it is largely
due to the fact that switch-off occurs because the
potential across the collector load is falling, i.e. the
transistor has left the “bottomed” state in which hole
storage may cause a considerable delay. The holes
which do remain are rapidly cleared by the reversed
e.m.f. in the low-impedance base circuit.

The 30 us signal from the pulse generator is amplified
by a P.O. No. 4 type transistor in a transformer-coupled
amplifier stage which provides, in the 12-turn winding, a
low-impedance source having an e.m.f. of at least 3 volts
to drive five OCl6 type power transistors in parallel.
Assuming the base potential of the power transistors
falls to 1-5 volts below earth potential when the transis-
tors are each conducting the maximum required current
of about 1-5 amps, then the remaining 1-5 volts will
cause a current of 150 mA in each 10-ohm base circuit.
This is sufficient to ensure that the power transistors
remain ‘““bottomed” while the cores are switching. The
large currents required by this circuit are obtained from
a capacitor store which is isolated from the main — 18-volt
supply by a 1-ohm resistor. The power transistors are
held in the “off” condition by the forward voltage-
drop of the germanium power diode (GEX 541 type)
which provides a +0-15-volt base-emitter bias voltage
with only a 10-ohm base-circuit resistance.

-6V (b) Signal Appearing Across 220-ohm Base Resistor
(¢) Signal Appearing Across Collector Load
(@) 10 kc/s Timing Signal

FIG. 9—VOLTAGE WAVEFORMS IN THE
RESET-PULSE GENERATOR

A reset-pulse generator is triggered by the negative-
going signal that occurs at the end of the read pulse
due to the discharge current flowing through the 47-ohm
resistor from the read-pulse-amplifier inductor. This
reset-pulse generator is similar to the read-pulse
generator. The difference in pulse-length, 200 us for the
reset pulse compared with the 30 us of the read pulse, is
obtained by increasing the collector transformer induc-
tance by the ratio 200/30, thus increasing by 200/30 the
time taken before the current reaches switch-off value.

An inspection pulse of 10 us duration and starting
10 us after the start of the read pulse is produced by
means of two pulse generators, one producing the
inspection pulse, the other producing the delay. These
employ common-base circuits but are designed on the
same principles as the read-pulse and reset-pulse
generators with the same object of making the pulse
length substantially independent of transistor charac-
teristics. The diodes in the trigger leads to these two
stages prevent re-triggering of the preceding stage at
switch-off. ) .

The inspection-gate circuit which employs the inspec-
tion pulse is not shown but the operation is as follows.
The 10 us pulse from the second generator is used to
switch off a transistor which is holding at a potential of
—1 volt the bus-bar which is the common-point con-
nexion for all code wires. The bus-bar is then held at
—0-1 volt for this 10 us period by a second transistor.
These two transistors are duplicated in a second
inspection-pulse circuit provided for codes shorter than
the normal 5-letter ones. One or other of these two
circuits is over-ridden by one of two more transistors
under the control of a short-code pulse generator which
is triggered by a special key on the keyboard. One other
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First International Conference on Information Processing at
Paris, June 1959

U.D.C. 681.142

computers for information processing was held at
U.N.E.S.C.O. House, Paris, from 15th to 20th June,
1959. The conference was convened by the UN.E.S.C.O.
Department of Natural Sciences at the request, initially,
of the American National Joint Computer Committee,
and was sponsored by corresponding bodies in France.
Germany, Italy, Japan, U.S.S.R. and the United King-
dom. The United Kingdom body was “The British
Conference on Automation and Computation,” a stand-
ing body which, among other members. includes the
major engineering institutions and the British Computer
Society.
There were 1,772 participants at the Paris conference
from 37 countries and 13 international organizations.
The big delegations came from the following countries:—

"I <HE first international conference on the use of

France .. ... 479
US.A. .. : - .. 408
Federal Republic of Germany . . 217
United Kingdom - ... 164
Sweden ... . - - o 87
Italy . . . ... 83
Netherlands . - w19
USS.R. .. . ... 38
Belgium ... . 34

The remaining 28 countries represented accounted for
only 163 participants in all.

Unlike international telecommunications conferences
there were no formal government delegations and each
participant attended as an individual. Two members of
the Post Office Engineering Department attended on
behalf of the Treasury Technical Support Unit and the
Engineering Organization and Efficiency Branch
(Computer Group).

Sixty papers were presented and discussed in plenary
sessions and a further 67 lectures were given in the course
of 12 symposia. During the afternoons as many as three
symposia and plenary sessions were in progress simul-
taneously.

The major topics discussed at the conference were:

(a) numerical analysis,

(b) linear programming,

(¢) automatic programming,

(d) machine design,

(e) information storage and retrieval,

(f) pattern recognition,

(g) machine translation of languages, and
(h) computer components.

The papers on automatic programming reviewed
progress in methods for relieving human programmers
of much of the labour in preparing computer pro-
grams. In this way also much of the specialized skill
required is no longer necessary. There was evidence of
a move towards the adoption of a universal set of sym-
bols for the description of programs in such a way
that they could be subsequently interpreted in different
computers.

The discussion on machine design centred largely
around the need for very fast and powerful machines for

206

scientific work, using pulses of a few millimicroseconds
duration and with operation times of 2 or 3 tenths of a
microsecond, and also the application of time-division
multiplex principles to allow such machines to be used
for several jobs simultaneously. The latter feature would
allow a computer to be engaged on a low priority “‘base
load’” problem, but be able to deal with urgent problems
as they arose, and to be available for engineering testing
and program development.

When considering information storage and retrieval
the need was foreseen for very large storage systems. It
was forecast that capacities up to 10" bits, access times
of less than a microsecond and read-out rates of 107 bits
per second would become available. The use of cryo-
genic methods using super-conductors at the temperature
of liquid helium and of very thin magnetic film would be
favoured techniques for future use. Attention was drawn
to the problems of classification of data to be sorted and
this aspect presents considerable difficulties.

A number of experimental techniques for reading
printed characters were described, which attempt to
circumvent the difficulties experienced in straightforward
scanning methods due, for example, to deformation,
tilting and dirt on the characters. The recognition of
handwritten characters and also of speech were con-
sidered to be so difficult that the reading device will need
to be able to improve its performance by automatically
adjusting its own programme in the light of its record of
successes and failures.

It was evident that there was a great deal of work being
done by many people, especially in the U.S.A. and
U.S.S.R., on the use of computers for translation of
technical articles from foreign languages. This work
although clearly in its infancy has nevertheless pro-
gressed far enough for some of the over-simplified first
approaches to have been discarded. Statistical studies of
grammar and syntax are in progress and there is a lively
appreciation of many of the difficulties ahead.

Apart from the considerable interest in cryogenic
techniques and thin magnetic films as components in
future computer equipment, reference was made to
experiments using parametrons, i.e. storage or switching
devices using resonant circuits with variable-parameter
components. A slow-speed parametron is already in use
in a commercial Japanese computer but the possibility
exists of using them at frequencies of several thousand
megacycles per second. For the distant future, reference
was made to the experimental work relating to the auto-
matic construction of micro-miniaturized components
and circuits, e.g. by building up shaped layers of insu-
lator and semi-conductor on molybdenum film. This
offers the astounding possibility of producing switching
circuits with component packing density of the order of
10" per cubic inch.  Such a density, although far more
compact than is necessary for the design of any computer
at present conceived, might prove useful for constructing
extensive networks intended to simulate the human brain.

JW.F.
FJM.L.



Experimental Equipment for Measuring Group Delay in the
Frequency Band 3-8—4-2 Gc/s

R. J. TURNER, B.Sc.(Eng.), AM.LEE.}

U.D.C. 621.317.772.029.64:621.396.65

Equipment is described which measures group delays of up to 50 ns
with an accuracy of -+ 0.2 ns in the frequency range 3-8-4:2 Gc/s.
A frequency-modulated Nyquist method is used with a modulation
frequency of 1 Mc/s. The equipment uses a heterodyne method with
an intermediate frequency of 70 Mc/s, and enables a point-by-point
determination of a group-delay/frequency characteristic to be made.

INTRODUCTION

ICROWAVE radio links are of increasing import-
M ance in the transmission of multi-channel tele-
phony and television. In countries where large
distances have to be covered or where the terrain is
difficult the microwave link may show definite advantages
over coaxial-cable systems even when a band-width of
only a few megacycles per second is being employed.
In densely populated countries, however. it is not diffi-
cult to install and maintain coaxial-cable systems, even
with close spacing of repeater stations. To show advant-
ages under such conditions a single microwave link must
be capable of carrying large blocks of traffic and links are
being planned which will carry up to six broad-band
channels each accommodating a 600-channel telephony
system or a television signal. In order to simplify the
problem of filtering the broadband channels of such a
system it has been suggested that the polarization of three
of the channels should differ from that of the remaining
three. The problem still remains of devising broadband
waveguide channel filters (branching filters) to separate
the three channels having the same polarization.

These filters, and indeed the whole of the system, must
satisfy a stringent phase/frequency specification. Micro-
wave radio links commonly employ frequency modula-
tion because at these frequencies it is difficult to obtain
amplitude modulators and amplifiers that have sufficient
amplitude linearity. If a frequency-modulated wave is
passed through a network which has a non-linear phase/
frequency characteristic then the phase change intro-
duced by the network is a function of the frequency of
the signal; since frequency is proportional to the rate of
change of phase, frequency variations additional to those
already present in the signal are introduced and the
instantaneous frequency at the output of the network is
no longer a faithful reproduction of the input signal.
When the resulting signal is demodulated it is found to
suffer from non-linear distortion, i.e. harmonic and inter-
modulation distortion and, in a multi-channel system,
inter-channel crosstalk results. This effect is one of the
limiting factors in the design of microwave links and it
must be closely controlled. For this purpose it is con-
venient to measure the group delay of the network, which
is the slope of the phase/frequency characteristic; con-
stancy of group delay then indicates the absence of
phase distortion such as would give rise to the unwanted
effect noted above.

t Senior Executive Engineer, Post Office Research Station.

YWHYTE, J. S. An Instrument for the Measurement and
Display of V.H.F. Network Characteristics. P.O.E.E.J., Vol. 50,
p. 81, July 1955.

Microwave radio links use an intermediate frequency
of 60 or 70 Mc/s at both the transmitter and receiver at
which modulation and demodulation is effected. Equip-
ment has been described' for measuring the group-delay
characteristics of the intermediate frequency equipment
or of a complete system between points operating at
intermediate frequency. In the development of the
waveguide part of the link, particularly the branching
filters for separating the broadband channels, the
constancy of the group delay of individual parts of the
equipment must be carefully controlled. For this
purpose accurate group-delay measuring equipment is
required operating in the band 3-8-4-2 Ggfs.

MEASUREMENT OF GROUP DELAY

The method of measuring group delay commonly
employed is due to Nyquist. A carrier wave is amplitude-
modulated or frequency-modulated with a lower-
frequency signal and passed through the item under
test. The output is demodulated and the phase of the
resulting low-frequency signal is compared with that of
the original. The phase change of the modulating fre-
quency divided by its angular frequency is equal to
the group delay of the network under test. If the
carrier is frequency-modulated the modulation index
must be less than one; the higher-order sidebands in
the modulated wave are then negligible and the
wave may be assumed to consist of the carrier and the
first upper and lower side frequencies only. If wc is
the angular frequency of the carrier wave and wm
the angular frequency of the modulating signal, then
the three frequencies present in the amplitude-modulated
or frequency-modulated wave are we,we + wmand we— wm.

The group delay of a network at frequency w is defined
as the value of the slope of the phase/frequency charac-
teristic at that frequency. This may be written

_dp

T do
It will be seen (Fig. 1) that the Nyquist method does not
give the theoretical value of group delay but measures
the slope of the line through points on the phase/
frequency characteristic at w; + wm and we — wu (see

PHASE CHANGE

L
We=Wy We Wty
ANGULAR FREQUENCY

B: — By

Curve A—Measured group delay, given by "o

m
Curve B—True group delay given by dij at o,
FIG. 1—MEASUREMENT OF GROUP DELAY USING A MODULATED
SIGNAL
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Fig. 1). If B, and B, are the phase changes through the
network under test at these frequencies then the measured
value of group delay is given by

_ BB

Tm =
2wm

The method can give erroneous results if the phase is
changing rapidly over the measuring interval (see Fig. 2);

N

PHASE CHANGE

D

ANGULAR FREQUENCY

Curve A—Measured group delay
Curve B—True group delay

FIG. 2—SYSTEMATIC ERROR WHEN GROUP DELAY IS INCREASING
RAPIDLY

this error may be termed the systematic error since it is
due to the system of measurement. The systematic error
may be reduced by decreasing the value of wy: the
direct measurement accuracy, that is the accuracy with
which (8: — B1)/2 is measured, must be correspondingly
increased for a given accuracy of group-delay measure-
ment. It follows that the value of the modulationfrequency
must be a compromise between the conflicting require-
ments of high direct measurement accuracy and high
systematic accuracy. A frequency of 1 Mc/s is adopted in
the equipment to be described; the phase change must be
measured to an accuracy of 4-0-036° to give an accuracy
of group-delay measurement of 4 01 ns (nanosecond
= 10~° second).

MEASUREMENT OF PHASE CHANGE

To obtain high accuracy of measurement of group
delay it is thus necessary to measure accurately the phase
change at the modulation frequency of 1 Mc/s. Many
methods of measuring phase are available. One of the
most convenient uses a circuit which is essentially the
same as the phase discriminator used in a frequency-
modulation receiver (Fig. 3). Suppose the two signals of

Iy —0

E ny+, |
INPUT2 OUTPUT
S ! ”va_ vzl

INPUTT  MRZ
FIG. 3—BALANCED MODULATOR PHASE COMPARATOR

the same frequency whose phases are to be compared are
connected to INPUT 1 and INPUT 2. The voltages
applied to the rectifiers MR1 and MR2 are the vector
sum and the vector difference, respectively, of ¥, and
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The output voltage from the comparator 1s proportional to
Vi Vel — Vi — Val
FIG. 4—PRINCIPLE OF PHASE COMPARATOR

Va. The d.c. outputs from MR1 and MR2 are then pro-
portional to the modulus of the vector sum and difference,
respectively, and the d.c. output of the comparator is
7| V14 Vel — 5 |V1 — V2| where 7 is the diode efficiency.
From Fig. 4 (a) it will be seen that when voltage V- leads
V1 by 90° the output voltage is zero; if V. leads by more
than 90° the output is negative (Fig. 4 (b)) and if it leads
by less than 90° the output is positive (Fig. 4 (¢)). For
small variations of phase from the null conditions the
output is proportional to the phase angle.

The variation of the phase-comparator output with the
level of the signal from the network under test must be as
small as possible. If germanium rectifiers are used in the
circuit they must be specially selected to give a minimum
output-level variation over a range of input levels; a cir-
cuit using thermionic diodes (see Fig. 5) has been found to

O_A
FR
MeRtse. & GROUP DELAY
(REFERENCE S )FUE'»LO;:ALE
SIGNAL) 1

IMc/s FROM
NETWORK UNDER TEST
(TEST SIGNAL)

FIG. 5—PHASE COMPARATOR USING THERMIONIC DIODES

be preferable. In the initial line-up of the comparator
the test signal alone is applied to the circuit and the varia-
tion of the reading for a 20 db variation in the test-signal
level is reduced to less than 1 ns by a combination of the
balance-test-signal control and the diode-balance control,
which varies differentially the heater supply voltage to
the diodes. The circuit is then balanced with the reference
signal alone applied by means of the balance-reference-
signal control. The dependence of the output reading on
the level of the test signal is found to be reduced if the
test signal is made larger than the reference signal. Thus,
in the circuit shown the values are 16 volts and 8 volts
for the test and reference signals, respectively, and a 2 db
change in the test-signal level gives a change in the output
reading equivalent to 0-75 ns. A sensitivity of at least
10 A per nanosecond is obtainable, i.e. 10 A for
0-36° phase change at 1 Mc/s.
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EQUIPMENT DETAILS

The equipment (see Fig. 6) works on a heterodyne
principle with an intermediate frequency of 70 Mc/s.
In order to reduce the variation of level presented to the
phase comparater an amplifier with automatic gain
control is used at 70 Mc/s and a limiting amplifier at
1 Mcis. A low-power klystron oscillator covering the
frequency range 3-8-4:2 Ge/s is frequency-modulated
on its reflector with a modulation index of about one by
means of a 1 Mc/s signal from a crystal oscillator. The
network under test is connected between two waveguide
change-over switches which enable its group delay to be
compared with that of an equal length of plain
waveguide. Attenuating pads are connected on either
side of the change-over switches to provide the reference
waveguide-impedance. The local oscillator is also a low-
power klystron. The 70 Mc/s output from the mixer is
amplified in a wideband 70 Mc/s amplifier employing
automatic gain control and then fed to a 70 Mc/s
frequency discriminator. The 1 Mc/s output from the
discriminator has a phase change relative to the original
which is proportional to the group delay. It is passed
through a limiting amplifier and a phase changer to
the phase comparator where the phase change relative
to the original 1 Mc/s signal is measured.

Each measurement enables a point on the group-delay/
frequency characteristic to be determined. The s.h.f. signal
oscillator is set to the frequency at which a measurement
is to be made. The local oscillator is adjusted to give an
output frequency of 70 -4 0-1 Mc/s, as indicated by a
70 Mc/s wavemeter loosely coupled to the output of
the 70 Mc/s amplifier. The equipment is set with the
equal length of waveguide in circuit and the phase-changer
setting is adjusted until the reading of the output meter
is zero. The meter is then calibrated by introducing phase
changes in the 1 Mc/s path corresponding to 5, 10 or
20 ns as required and by setting the sensitivity control of
the phase comparator to give the appropriate reading.
The change-over switches are then set to the network under
test and group delays of up to 50 ns can be read directly
on the meter. The group delay actually measured is the
difference between that of the unit under test and that of
an equal length of waveguide; hence to obtain the
true insertion group delay an addition should be made to
the meter reading of 0-108 ns per inch length of the
network under test.

Amplitude Limiter

The importance of making the phase comparator
independent of signal-level changes has already been
emphasized. It is also necessary that those parts of the

equipment handling the 1 Mc/s signal should have phase
changes which do not change with input level, power
supplies, ambient temperature conditions, time or mech-
anical shock.

The limiter used in the 1 Mc/s path is of the cathode-
coupled clipper type (see Fig. 7). It consists of a triode

~h VI v2 i

%g OUTPUT

-l- ——

T T .
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FIG. 7--CATHODE-COUPLED CLIPPER TYPE OF LIMITER CIRCUIT
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cathode-follower driving an earthed-grid triode, the
coupling being via the common cathode-resistor. The
valves are biased to the middle of their grid bases by
means of a potentiometer from the h.t. supply; with no
input each valve is conducting. If the voltage at the grid
of V1 (V) is positive going the current in V1 increases
and with it the voltage across the cathode resistor. The
current in V2 thus decreases and if Vg increases suffi-
ciently the valve is cut off and the output voltage rises tc
the anode supply-voltage value.

When Vg is negative-going the anode current of V1
and the voltage across the cathode resistor are reduced
and hence the anode current in V2 increases. If Vi
becomes sufficiently negative VI is completely cut off
and the output voltage assumes a value determined by
the value of the static bias. Thus, the peak value of the
output wave depends only on the value of the h.t. voltage
and is independent of the input voltageprovided this has
a peak value several times the grid base of the valve. The
anode load is tuned to 1 Mc/s to extract the fundamental
of the output wave; the Q-factor has been made as low
as possible in order to reduce the effect of variation of
capacitance and inductance on the phase shift through the
limiter. Two stages of limiting are employed and the
amplitude is held constant over a 15 db range of input
levels; the phase delay varies over this range by 1 ns.
To reduce the variation of phase with level changes it
was found necessary to feed the limiters from a low-
impedance source provided by a cathode follower.
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Phase Changer

The phase changer is required to enable phase quadra-
ture to be obtained between the two 1 Mc/s signals
applied to the phase comparator. In the initial setting up
with the straight-through condition of waveguide the
phase of the 1 Mc/s test signal is changed by the group
delay of the microwave and intermediate-frequency
equipment and by the phase change of the 1 Mc/s
equipment. This phase change, together with that in the
phase changer, must give a 90° difference between the
test and reference signals at the phase comparator.
When the equipment is used for measuring items having
group delays of not more than 50 ns the output meter
gives a direct reading of the group delay. For items
having a group delay greater than 50 ns, such as complete
systems, it will be necessary to use the phase changer to
re-establish the phase-quadrature condition and for this
purpose it needs to be calibrated. The phase changer has
a range of 360°, and, therefore, will cater for group
delays up to the periodic time of 1 Mc/s, i.e. 1,000 ns. It
is provided in two parts, each part working between
valves with tuned anode-loads; the first part consists of
a resistance-capacitance network with a 4-position
switch to give 90° changes and the second part of a
resistance and a variable capacitance to give a continu-
ously variable phase shift from 0 to 100°.

70 Mc|s Amplifier and Discriminator

The group delay of the 70 Mc/s waveguide equip-
ment must be constant with variation of input-signal
level and power supplies. The 70 Mc/s amplifier
and discriminator are standard items developed for
microwave links. The amplifier® provides 50 db of gain
and uses amplified automatic gain control to ensure an
output signal level that is constant over a 25 db range of
input level; over this range the group delay changes by
less than 0-5 ns. The amplifier has a band-width between
—1 db points of 44 Mc/s and a group delay that is con-
stant within 0-1 ns over a band extending for several
megacycles on each side of 70 Mc/s; changes of group
delay with variation of the actuval value of the 70 Mc/s
frequency obtained from the mixer are thereby reduced.

The discriminator has a highly linear amplitude/
frequency characteristic and has limiters which operate
dynamically to suppress amplitude modulation of up to
10 per cent by about 50 db.

Microwave Equipment

The waveguide equipment is made in waveguide No.
11 (2%in. by 1iin overall dimensions). Low-power
klystron oscillators incorporating the plug-in reflex
kiystron type CV 2116 (E.M.I. RK 6112) have been used
for the signal and local oscillators. The 8 db pads use
Tong flat wedges of iron dust set in Marco resin material
to give a standing-wave ratio of 0-98. To reduce further
the effect of the load on the oscillator performance it
has been found advantageous to connect a ferrite isolator
between the oscillator and the pad. The waveguide
change-over switches used at present are not ideal;
plungers are arranged to short-circuit the guide when
transmission is not required. The plungers are not broad-
band and the mechanism must be precise or intermittent
variations are produced. The waveguide mixer is re-

2 HAMER, R. and GiBs, C. H. A Broad-Band Intermediate
Frequency Amplifier for use in Frequency-Modulation Micro-
wave Radio-Relay Systems. P.O.E.E.J., Vol. 50, p. 124, July
1957.
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quired to be broadband to cope with the frequency range
from 3-8—4-2 Gc/s and the group delay characteristic is
required to be reasonably constant with frequency so
that changes of group delay due to changes of signal
or local-oscillator frequencies do not occur during a
measurement.

To obtain stable operation it is necessary to stabilize
all h.t. supplies. The heater supplies to the 1 Mc/s equip-
ment are also stabilized. Care was necessary in the
design of the equipment to ensure that the 1 Mc/s oscil-
lator and leads were properly screened so that there was
no radiation which could give spurious signals in the
phase comparator.

PERFORMANCE

To determine the performance of the equipment it is
necessary to measure a component whose group-delay
characteristic may readily be calculated and then to
compare the theoretical and measured characteristics.
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The repeatability of measurements is checked by making
a number of measurements on the same item.

A resonant waveguide cavity with iris coupling forms
a convenient test component; measured and theoretical
characteristics of cavities resonant at3-8,4-0 and 4-2 Ge/s
are shown in Fig. 8. It will be seen that reasonable

agreement is obtained between the measured and calcu-
lated curves. The two sets of points represent two sets of
readings made with the equipment and these agree to
within 0-2 ns. Measurements made on a band-pass
filter are shown in Fig. 9, with a calculated curve for
comparison. At the edges of the characteristic the
attenuation is 8 db greater than the pass-band attenua-
tion and this shows the importance of catering for a
wide variation of signal levels.

The equipment described is being used in measuring
filter characteristics and fills a need that has long been
felt. It will also be used to measure the overall group-
delay frequency characteristic of the microwave section
of radio links. The ideal equipment would present the
characteristic as an oscilloscope trace with a frequency
sweep of about 40 Mc/s and further work is proceeding
on these lines.
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Renewal of Relay-Spring Contacts

HE earliest-known method of renewing relay-spring

contacts with the relays in position was tried by the

Post Office in 1923 and abandoned as unworkable.
Reports on the practices of foreign administrations have
indicated, from time to time, that methods of renewing
contacts are available, but inquiries have shown that little
use seems to be made of them.

The need for such a system in this country does not
seem to have been great enough to warrant serious
investigation until 1951, when the occasion arose to
recondition some apparatus for which replacement relays
or springs were not available, and it was realized that a
method of renewing the contacts without removing the
relays from the equipment would have advantages with
obsolete or obsolescent relays. The reconditioning of
obsolete relays such as the Automatic Telephone Manu-
facturing Company’s combined L and K relays and the
“horizontal’ type of relay was necessary, many contacts
having reached the end of their useful life, but the removal
of the relays would have caused many faults in the old and
brittle wiring.

The original method devised used silver-wire billets
and

(@) an extractor, or punch, which removed the old
contact,

(b) an inserter to place the billet in the spring, and

(c) a former to shape the billet head into a contact.

The inserter and former tools showed a number of
weaknesses and a revised method using preformed
contacts instead of billets was tried. The tools used were

of two types, one making use of a combined inserter
and riveter and the other using separate tools. The
second method was eventually found to be more practical.
The type of plier action to be used gave considerable
trouble until it was decided to use a parallel-jaws action.

The tools finally decided on were as follows:

(a) An Extractor, which has a hole in one jaw to locate
the pliers centrally on the contact and to receive the
ejected old contact; the other jaw has a tungsten carbide
punch. When the old contact has been ejected from the
spring a forked-tongue slider attached to the inner face
of the punch jaw is slipped forward to strip the relay
spring from the punch.

(b) An Inserter with one jaw having a recess in which
the new contact is placed, and a forked slider to retain
the contact upright during insertion in the punched hole.
When the slider is drawn back further pressure on the
pliers causes the slight burr around the punched hole to
hold the new contact until the riext operation is per-
formed. .

(¢) Two Riveting Pliers are provided, one with a
depression in one jaw to accommodate the contact head
and a flat face on the other jaw so that closure of the
pliers swages the contact stem tight on the spring. The
second riveter has a depression in both jaws so that the
contact stem is formed in the domed shape required for
double contacts.

A trial of the tools has demonstrated their usefulness
and solved a difficult maintenance problem.

A A G

211



The Principles and Possible Application of some Amplifiers
of Low Intrinsic Noise

U.D.C. 621.375.9

ITHIN the past two or three years much has
appeared in scientific and technical literature

aboutnew types of amplifier possessing low intrin-
sic noise, e.g. the maser. It is the object of this brief
note to sketch, in the broadest outline, how these
devices work and to express a view on what fields of
Post Office application there may be.

The lowest level to which a signal may be permitted to
fall before amplification is determined by the minimum
acceptable signal/noise ratio. The noise may be externally
introduced, e.g. by crosstalk, or may be the result of
intermodulation within a transmission path; it is inherent
in the resistance presented by the transmitting medium
to the amplifier and may arise in the input and early
amplifying stages. In many communication systems of
sound design the limiting noise is due to the last of
these factors.

By way of example consider an underwater coaxial-
cable system with submerged repeaters. The resistive
part of the characteristic impedance of the line together
with any amplifier input terminating resistance will
present a net value of R ohms. As is well known, the
thermal noise power generated by R is k7B watts, where
k is Boltzmann’s constant, 7 the temperature in degrees
Kelvin and B the band-width in cycles per second. If
the amplifier itself generated no noise whatever then the
signal could be permitted to fall to such a level relative
to kTB that the signal/noise ratio was just enough to
meet design standards. However, if the amplifier itself
also generates noise then the signal level cannot be
permitted to fall as low. The penalty for amplifier noise
is either an increase in transmitted power or the need to
ensure reduced attenuation between the transmitting
and receiving terminals.

In amplifiers and radio receivers using conventional
thermionic valves, first-stage noise is usually very low
and does not present a significant limitation. However,
due mainly to transit-time and reactive effects, conven-
tional valves cannot at present be used at frequencies
appreciably in excess of 2,000 Mc/s and, instead, there
are employed such devices as the klystron, in which
electron velocity-modulation occurs, or the travelling-
wave valve, in which slow-wave interaction takes place.
As first-stage amplifiers these devices are considerably
more noisy than are their more conventional counterparts
at lower frequencies. Typically, a low-noise travelling-
wave valve will have a noise factor of 9 db, this being
defined as ten times the common logarithm of the signal/
noise power ratio at the input divided by the signal/noise
ratio at the output. Other first-stage amplifying devices
and, in radio systems, mixers, may be noisier still.

The extremely low levels of ‘‘signal” experienced in
radio astronomy, satellite tracking, very-long-range
radar, and in scatter propagation stressed the limitations
imposed by receiving equipments of high intrinsic noise
and spurred on research into devices which, in the
appropriate frequency ranges, were capable of noise
factors approaching zero. Amplifying devices which
have been described in the literature and upon which
considerable research and development effort is being
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expended include the maser, the variable-reactance
amplifier and the nemag. It is at present too early to
attempt an assessment of the nemag (negative mass
amplifier) so attention will be limited to masers and
reactance amplifiers.

The solid-state version of the maser (the name is
derived from the expression ‘“Microwave Amplifica-
tion by Stimulated Emission of Radiation ) operates
as an amplifier by reason of the fact that application of
a small signal power of appropriate frequency to a spin-
ning electron can, under favourable conditions, cause it
to fall to a lower energy level with the emission of
considerably greater power at the same frequency.

Consider the conditions in an active material, the
molecules of which are ‘“held apart™ by an inactive
material, the whole being situated in a magnetic field.
In the active material there will be a preponderance of
electrons at the lowest energy level, fewer at the next
higher permissible level, fewer still at the next and so
on. The distance apart of the discrete energy levels will
be a function of the material and of the magnetic field.
Representing the three lowest energy levels by E1, F. and
E;, then if an electron in energy level E; falls to level Ex
it will radiate at frequency f1; if it falls to level Es it will
radiate at frequency /5, where /5 is less than f;.

It is possible under favourable circumstances to apply
energy at f1 (“pump” frequency), and so lift a proportion
of electrons from level £, into the E; level, upsetting
the normal distribution. If, now, a small signal at /5 be
applied a state of affairs is produced which encourages
electrons in the Ej; level to drop back to E» accompanied
by the emission of energy at /> of magnitude greater than
that of the stimulating signal.

If an attempt were made to operate the active material
at room temperatures it would be found that thermal
agitation caused the electrons to dissipate any ‘‘pumped-
up” energy before it could be used for amphification. It
follows that the material must be operated at very low
temperatures and those in the liquid oxygen or even
liquid helium range are involved.

A typical practical solid-state maser will comprise:

(@) a suitably “doped” crystal mounted in a cavity of
dimensions dependent upon the pump and amplification
frequencies,

(b) a cooling container surrounding the cavity,

E;:) a d.c. magnetic field in which the cavity is situated,
an

(d) two waveguides coupling to the cavity, these being
of dimensions appropriate to the pump and amplification
frequencies.

As described, the maser is a ‘“‘two-terminal” device
as far as the amplification frequency is concerned. One
may consider that the signal to be amplified is applied
to the cavity, receives additional energy and is returned
by the same path to the source.

Turning now to variable-reactance amplifiers, the
classical and, probably, the best introduction to this
class of amplifier is to consider what would occur in a
loop comprising an inductor and capacitor in series if



the capacitor were adjustable. Let the loop be carrying
an alternating current at a frequency f1. If, at the instant
when the voltage across the capacitor is a maximum,
the electrodes are pulled further apart the potential
across the capacitor will rise as a result of energy applied
to the circuit, i.e. there will have been a conversion from
mechanical to electrical energy. At the instant the
potential across the capacitor drops to zero the electrode
separation is restored. At the instant of maximum
potential in the reverse sense the plates are again pulled
apart; and so on. It is clear that in every half cycle
mechanical energy is transferred to electrical energy and
the signal frequency is amplified.

It is further apparent that (@) the frequency of capaci-
tance change, i.e. the “pumping” frequency, is 2f and
(b) the arrangement is phase sensitive for, if the electrodes
were allowed to approach each other at every voltage
maximum, then electrical energy would be converted to
mechanical and the signal would be attenuated.

The capacitance or the inductance can be varied by
electrical rather than mechanical means and input and
output circuits (or a combined input/output circuit)
can be coupled to the loop. A single-frequency amplifier
is then formed which will, however, be extremely sensitive
to the phase of the fi (signal) or 2f1 (pump) supplies.

Let the arrangement be extended to include:

(@) a loop resonant at the signal frequency f1 and to
which input and output signal circuits are coupled.

(b) a loop resonant at f» (f: is termed the “idler”
frequency).

(c) coupling between loops (@) and (b) by a variable
capacitance pumped at fp, and

(d) the frequencies so arranged that fp = fi + fa.

It can be shown that the voltage developed across the
loop in (b) above will always so adjust its phase that
work done on the variable coupling capacitor will always
cause the energy in the signal and idler loops to grow.

It is apparent that in this device:

(a) an amplifier at the signal frequency is formed by
coupling into the signal loop, and

(b) an amplifying frequency-convertor is formed by
coupling into the idler loop.

Obviously, with appropriate circuit rearrangement, a
variable inductor could be employed in place of the
variable capacitor.

Within the past two years numerous variants of the
variable-reactance amplifier have been proposed; they
fall mainly into the three categories:

(a) diode (variable capacitance)

(b) ferrite (variable inductance), and

(c) electron beam types.

It i1s impossible in an article of this compass to expand
upon them here.

Considering possible applications within the Post
Office field of interest it may be noted first that masers
and variable-reactance amplifiers have an advantage only
at frequencies in the microwave range and then in respect
only of low noise-factor compared with most of their
competitors. It is difficult to see any Post Office applica-
tion for masers particularly in view of the low-tempera-
ture requirements. Variable-reactance amplifiers appear,
however, to have the following potential fields of
application.

(a) As r.f. receiving stages in microwave line-of-
sight and tropospheric scatter systems.

(b) As low-noise microwave frequency-changers.

(c) As r.f. receiving stages in communication links em-
ploying active or passive earth satellites.

(d) Possibly, as pre-amplifiers for television receivers
operating at extreme range on channels in the higher
television bands.

(e) Possibly, as r.f. stages for the fixed receivers of
mobile radio-telephone systems.

F.JD.T.

Long-Distance Transmission by Waveguide

UD.C. 621.396.11:621.372.8

URING the past few years many telecommunica-
D tions laboratories throughout the world have been

devoting effort towards the solution of the many
problems posed by the transmission of signals over long
distances by means of waveguide of circular cross-
section. The Research Branch of the Engineering
Department is playing its part.

It is the object of this brief article to give the general
reader a broad picture of extended transmission by wave-
guide, the problems which have to be solved and the
possibilities of practical application. For the reader
who wishes to acquire a more detailed view reference is
made to the record* of the L.LE.E. Convention on Long-
Distance Transmission by Waveguide, which was held
in London in January 1959.

With a view to putting into perspective the potential-
ities of a waveguide system for trunk communication,
it is noted that current estimates are that several hundreds
of television channels or several hundreds of thousands
of telephone channels could be accommodated simul-
* Proceedings 1.E.E. Part B, Supplement No. 13. (To be published)

taneously in one hollow tube of some 2} in. diameter.
It is sometimes asked if such enormous channel capacity
could be justified on any route; clearly, no positive
answer can be given now but demands for channel
capacity are ever increasing and demands for the trans-
mission of new forms of data are arising. Again, if
band-width can be made inexpensive and plentiful it
can be employed prodigally with consequent economies
in terminal equipment. It should be borne in mind too
that there could also be a demand for junction trans-
mission on a scale for which waveguide transmission
could conceivably be attractive. Sufficient to say that
most large telecommunications organizations currently
consider the expense of an extensive research program
to be justifiable.

To transmit energy in a waveguide it is necessary to
set up a configuration of electric and magnetic fields
bounded by the walls of the guide. For a given size of
guide, frequencies below a certain value (the critical
frequency) cannot produce a field configuration that
can be propagated. Fields at frequencies above the
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critical one will propagate and the configuration of the
field will depend upon guide dimensions and the field
launching arrangement. Any particular configuration of
field which can be supported is known as a “mode”.
In rectangular waveguides, such as are used to connect
the transmitter or receiver to the aerial in microwave
line-of-sight systems, use is made of the dominant mode,
the lowest which the guide will support.

Many years ago it was discovered that a particular
mode, the Hy,, in a circular waveguide possessed the
unique property that for all frequencies above the critical
value the attenuation decreased as the frequency in-
creased. Exploitation of this phenomenon was not
practicable at that time because, with a guide of reason-
able dimensions, the frequencies required were so high
as to be beyond those which could be generated in
coherent form. A guide of about 21in. diameter,
for example, requires the generation of frequencies in
excess of about 30,000 Mc/s. However, in more recent
years techniques have improved and made possible the
exploration of guide phenomena in the range up to some
100,000 Mc/s, and the upper limit is extending rapidly.

If use is to be made of the very low attenuation
characteristic of the H,, mode in a circular guide then
transmission must take place at frequencies well above
the critical. It follows that the guide readily supports
other modes which can be stimulated all too readily.

Assume that an H,; mode has been generated (launched)
in a solid-walled metallic guide. If the guide is dimen-
sionally perfect and absolutely straight then the wave
will be propagated at the low attenuation indicated
by theory. However, if there are dimensional ir-
regularities amounting to but fractions of a mil, or
axial divergencies of but a few minutes, then spurious
modes will be developed with the abstraction of power
from the wanted mode. In addition, at later irregularities
some elements of the spurious modes will reconvert to
the wanted mode. The overall result is phase/frequency
and attenuation/frequency characteristics which are any-
thing but smooth and a mean attenuation greatly in
excess of the theoretical minimum.

Clearly, a long-distance guide of near-perfect dimen-
sions and axial straightness is impracticable and much
research has been and is being done on the problem of
devising a guide structure tolerant to modest dimensional
inaccuracy and lack of straightness. Several solutions
have been proposed, a typical one being to form the
inner wall as a tight helix and to surround the helix by
layers so devised as to encourage the reflectionless
absorption of energy in unwanted modes.

At the present time it appears most doubtful if it will
be practicable to devise a guide which can be transported
from factory to site on a drum. Alternatives are to use
rigid straight lengths connected with flexible sections or
even to make and lay on site as a continuous process.

At present, research is being directed mainly towards
achieving solutions to the following problems.

(a) The devising of a guide structure which can be
made and laid under practical conditions and without
unacceptably large departure from the optimum attenu-
ation/frequency and phase/frequency characteristics.

(b) Means for negotiating sharp bends without un-
acceptable transmission loss and distortion.

(¢) Means for suppressing such unwanted modes as
may be generated.

(d) Means for launching the H,; mode free of all
others.

() Determination of the optimum type of modulation.

It will not be possible to make a really satisfactory
assessment of problem (e) until optimum solutions to the
others have been determined. However, present-day
thought is that some form of pulse code modulation will
be necessary, i.e. a system of signal transmission which
is tolerant of irregularities in the transmission medium
and which involves signal regeneration rather than
amplification. All in all one can visualize a trunk wave-
guide-system in which:

(a) channels are first assembled into the group, super-
group or mastergroup range by conventional frequency-
division-multiplex methods,

(b) groups, supergroups or mastergroups are used to
pulse-code modulate (or, perhaps, frequency-modulate)
a carrier, the signal being launched into a guide of
some 2%in. diameter and which eventually might be
used to transmit signals in both directions, and

(c) regenerators (or repeaters) are used at perhaps
20-mile intervals.

A junction waveguide-system would be generally
similar but, probably, of smaller diameter and less
severely over-moded.

It will be apparent from the foregoing that much
research and development work remains to be done
before the potential of circular waveguides can be
assessed. Only when these studies are well advanced
and, perhaps, a field trial has been undertaken, will it
be possible to apply the touchstone and determine if the
cost per channel per mile makes the system competitive
with others.

F.J.D.T.

Book Review

“Radio Upkeep and Repairs.” Alfred T. Witts. Sir Isaac
Pitman & Sons Ltd. 234 pp. 174 ill. 15s.

This little book is the eighth edition of a volume first
published by this author in 1933, when radio receivers were
“built” rather than mass produced and servicing consisted
of genuine fault finding rather than the replacing of
defective sub-chassis by new ones. Only straightforward
test equipment is assumed to be available, e.g. an ohm-
meter and a signal generator, and details of how to build
some of this—such as a multi-range resistance bridge—are
given in an early chapter of the book. A procedure for
checking the performance of each section of the circuit of
a conventional type of receiver is given, stage by stage, and
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comments are offered on the possible causes of discrepancies
in behaviour that may be found. The work has been brought
up to date in this eighth edition by the addition of chapters
on the servicing of frequency-modulation receivers for the
v.h.f. bands, transistor receivers, and printed circuits. The
treatment is general, in that specific makes or models are
avoided.

After reading this book one retains the impression that
it is part of a series and that it is not intended to stand
alone. Although the description of the tests appears to the
layman to be clear and unambiguous, a sound background
knowledge of radio receiver design and particularly of
current construction techniques would be needed by a
servicing man worth his salt who was intending to use this
book as his practical guide.

L.P.O.E.E. Library No. 2106. C.F. F.






clamped between the jack body and the mounting plate;
this can be seen in Fig. 1.

Bank Assembly

The 42 plug-points of the uniselector are extensions of
the bank contacts, as shown by the dotted lines in Fig. 3.
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FIG. 3-—DIAGRAMMATIC REPRESENTATION OF BANK ASSEMBLY AND
WIPERS

The complete bank assembly is clamped by two screws
to the spigot block. Each bank level consists of 14 strips
of metal moulded into a wafer of white “Diakon”
thermoplastic insulating material. Numbering from left
to right, the first twelve of these metal strips are the bank
contacts [1, 10 . ... 1, 0, the thirteenth is the wiper-feed
sector and the fourteenth, on the extreme right, forms a
soldering tag at the front of the bank. The three bank
soldering tags, one per bank level, afford means of
connexion to the magnet coil, non-linear-resistor spark-
quench, and interrupter contacts. The three bank levels
are separated by aluminium spacers and clamped between
mild-steel clamping plates by three screws. The bank
assembly also carries a short wire pointer, adjustable by
bending, for the number wheel of the wiper assembly.

Wiper Assembly

The space available for the wiper assembly is such that
the radius from the hub centre to the outermost contact
point of a wiper tip is less than 0°6 in. The wiper limbs
could, therefore, not be diametral as in larger uni-
selectors since the wiper blades would have been too
stiff, their tension increasing too rapidly with deflexion
of the wiper tips. In the Type 4 uniselector the wiper
blades are of the 3-limbed ** Isle of Man ”’ shape which
gives a comparatively long blade for the small centre to
wiper-tip radius, and thus gives normal wiper-to-bank
contact pressures. The use of a 3-limbed blade with the
limbs spaced at 120° allows the bank contacts and
wiper-feed sectors to be so arranged that one of the
three wiper tips is always resting on a bank contact
except when stepping, the next tip is always in contact
with the wiper-feed sector, and the third tip is dis-
connected. This arrangement dispenses with the need for
brush feeds to the wipers.

Viewed along the axis of the wiper assembly, as in
Fig. 3, the trailing edges of the wiper tips are not radial
as in other uniselectors but are raked forward slightly
from the outermost to the innermost contact point.
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During stepping, the innermost contact point touches
the next bank contact before the remainder of the wiper
tip. The wiper load is, therefore, taken up gradually
during the return stroke of the armature, and the neces-
sary pressure of the armature-restoring spring is somewhat
less than would be required with radial wiper tips. The
wiper assembly is built up of bridging and non-bridging
wipers as required.

The wiper spindle is screwed into the frame, and
secured by a lock-nut on the inside of the frame. The
spindle is unsupported at its upper end, and the wiper
assembly is free to move vertically along it, taking up a
position on the spindle determined by the tension of
the wipers against the bank contacts. If both blades of
each pair are equally tensioned, the wiper assembly will
position itself so that each pair of blades is approximately
symmetrically disposed about the plane of its level of
bank contacts and in this condition there is a clearance
between the end of the wiper-assembly hub and the
spindle lock-nut.

The ratchet wheel fits over the end of the wiper-
assembly hub adjacent to the frame, and is fixed by one
screw to a flange integral with the hub. The hole in the
ratchet wheel through which this fixing screw passes is
elongated so that the angular position of the wiper tips
relative to the ratchet wheel can be varied.

A rimmed number wheel is clamped to the wiper
assembly at its upper end. It, and the pointer fixed to
the bank assembly, are viewed over the top of the coil
(Fig. 1). The wipers are numbered 1, 2 and 3 in the
normal manner, beginning with the one adjacent to the
number wheel.

Magnet Assembly

The magnet coil and yoke assembly is similar to that of
a 3000-type relay in that the coil and yoke are fixed to-
gether at the heel-end, as shown in Fig. 4. The armature-
end of the yoke is machined to be square and in line with
the centre of the end of the magnet core, which is slightly
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FIG. 4—EXPLANATORY DIAGRAM OF UNISELECTOR MECHANISM



domed to ensure that the residual stud is the only part of
the face of the armature to touch the core. When a coil
has to be changed, the complete coil and yoke assembly
is replaced so that the coil does not have to be adjusted
to line up the end of core and yoke. The armature hinges
about a pivot pin clamped to the yoke, the clamp being
adjustable so that a correct air-gap can be obtained
between the machined end of the yoke and the face of
the armature. The magnet coil and yoke assembly are
fixed to the frame by two screws. The holes in the frame
through which these screws pass are slightly elongated
so that the coil and yoke assembly can be moved side-
ways parallel to the frame. Slight rotational movement
of the magnet-assembly relative to the frame is also
possible, so that the driving pawl, fixed to the armature
extension, can be set squarely on a ratchet-wheel tooth.

Stroke Adjustment

Sideways movement of the magnet assembly relative
to the frame alters the stroke of the armature because
the armature extension, at its extremity on the right of
the switch, carries a ratchet stop which bears upon a
tooth of the ratchet wheel when the armature is normal
(see Fig. 4). As the magnet assembly is moved to the left
the armature stroke is reduced. Similarly, if the magnet
assembly is moved to the right the armature stroke is
increased. The stroke can be set within close limits by
gauging the side-ways position of the magnet assembly
relative to the frame.

Detent

The detent is a straight spring (see Fig. 4) fixed by a
single screw to a slightly sloping face on the inside of the
spigot block. The slope of this face is such that a straight
detent screwed to it will bear upon the ratchet wheel
with a pressure a little above that required. To adjust the
detent tension it is necessary only to lift the detent gently
away from the ratchet wheel.

Ratchet Stop

The ratchet stop is possibly the most novel feature of
the switch. On release of the armature the engagement
of this stop with the ratchet wheel arrests the motion of
the ratchet and armature. Hence, no armature back-stop
or pawl forward-stop is required. The ratchet stop is
formed from 0-056 in. thick spring steel and so flexes very
slightly during impact with the ratchet wheel. There is
some wiper oscillation at each step of the mechanism,
but the overall effect of this resilience may be a contribu-
tory factor in the long life of the mechanism. The
shape and position of the ratchet stop relative to the rest
of the armature is set in manufacture and not adjustable
in service. They have been chosen to give maximum
stopping effect on the flank of the ratchet-wheel tooth
consistent with the stop clearing the tip of the next for-
ward tooth during the return stroke of the armature.

Pawl

The driving pawl is fixed to the armature extension by
the same two rivets that fix the ratchet stop, and is
clamped between the ratchet stop and the armature
extension. It is made from 0-022 1n. thick spring steel.
The reach of the pawl is dependent on its curvature and
this is set in manufacture, but if the magnet assembly

or armature is replaced the pawl reach has to be
checked; if it is too long there will be inadequate
engagement of the ratchet stop on the flank of the ratchet
tooth, and if it is too short the ratchet stop will foul the
ratchet wheel during release of the armature.

Armature Restoring Spring

The armature restoring spring is a coiled spring, com-
pressed between an upturned lug on the frame of the
uniselector and a nut and lock-nut on a screwed spindle
fixed at one end to the armature (see Fig. 2 and 4). This
spindle is initially set so that it does not foul the sides of
the upturned frame lug during movement of the armature.
The coiled form of restoring spring was chosen as being
easier to adjust than the more usual flat steel spring.

Interrupter

The two interrupter contact-springs are fixed by self-
tapping screws to an insulating phenolic-resin block,
which is secured by two screws to the heel of the magnet
yoke at the right-hand side of the switch (see Fig. 1).
The moving spring is pre-tensioned against the stationary
spring and is lifted away from it during operation of the
armature by an insulated striker, fixed to the heel of the
armature extension. The point of operation is set by a
screw adjustment of the position of the stationary spring,
the adjusting screw bearing on the uniselector front plate
via a small insulating block of phenolic resin.

WIRING

Folded away in the space between the interrupter
spring-set and the heel of the armature extension are the
wires joining the three bank soldering tags to the coil
and interrupter contacts, together with the non-linear-
resistor spark-quench. The wires are of such a length
that the bank can be separated from the mechanism
without unsoldering any connexions. The two bank-
clamping screws may be slackened and can slide away
from the wiper assembly in angled slots in the frame
and spigot block; when these screws are clear of the frame
and spigot block the bank can be swung aside, allowing
the wiper assembly to be lifted off its spindle.

PERFORMANCE

One of the design requirements was that under fault
conditions the uniselector should consume no more than
10 watts, so that surrounding relays would not be over-
heated. The coil resistance for 50 volt working is, there-
fore, 250 ohms (nominally 5,720 turns). The operate
current of the uniselector ranges approximately from 50
-100 mA, according to adjustment conditions. Pulse
operate-and-release times and stepping speeds under
self-drive conditions are very similar to those of the
Post Office Type 2 uniselectors with three levels. The
life of the new uniselector under service conditions is
expected to be better than 50 million steps without re-
placement of any parts other than the wiper assembly.
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Parcel-Label Printing and Issuing Machines
H. E. WHITTON and R. D. GIBBON#

U.D.C. 681.173:656.882

A gummed label bearing, in addition to the value, the date and office

of issue is to be sold at Post Offices to cover the parcel-post fee

normally collected by the sale of stamps. The label printing and

issuing machine described in this article has been developed following
a field trial of an earlier model.

INTRODUCTION

OR the acceptance of parcels for posting at public
F counters the counter clerk must hold a wide range
of postage stamps in his folio. Many parcels
require more than one stamp to be affixed to cover the
fee which, for overseas parcels, may reach a high value.
It is normal practice to date-cancel the stamps with a
hand stamp immediately, and as many parcels are
neither regular in shape nor rigid, the details of the
cancellation marks are frequently illegible.

To effect an improvement in this respect and to reduce
the time required for each transaction, it was decided in
1947 that a gummed label should be printed for use in
the parcel-post service bearing, in addition to the value,
the date and office of issue. This label would be sold at
the parcel counter for immediate postings only. For
security reasons the customer would not be supplied
with labels for subsequent use.

Three firms submitted designs of machines. One
hundred machines from one firm and two from each of
the others were purchased in 1950, and were introduced
in Crown Post Offices throughout the United Kingdom.
The first hundred machines were known as Parcel-Label
Machine No. 1.

Based on the field experience gained with these
machines and the reactions and suggestions of the
operating and engineering staffs, a specification for an
improved machine was prepared for the purchase of a
large number of machines. Six hundred machines were
ordered for delivery during the last few months of 1959
and the first half of 1960.

DESCRIPTION OF EARLIER MACHINES

The Parcel-Label Machine No. 1 issued labels in any
one of twelve predetermined values, as indicated on a
dial, and counted the total value of the issues on two
meters, one for shillings and one for pence. The required
values were selected by the anti-clockwise rotation of the
dial, which was similar in outward appearance to a
telephone dial. Movement of the dial was checked by
the finger reaching a stop, which caused the dial to
remain stationary until the transaction was completed,
whereupon it returned to normal. Labels were printed
and issued by the rotation of a handle causing a die to
be brought into contact with a pre-impregnated ink-
roller. The die rolled over a gummed paper strip which
was housed in a case at the top of the machine.

Experience with this machine revealed the following
operational disadvantages.

(a) Labels were delivered face downwards and the
imprint was obscured from the operator’s view.

(b) The meters, which were on the underside of the

+ Mr. Whitton is an Executive Engineer, Power Branch, E.-in-C.’s
Office. Mr. Gibbon is an Executive Engineer, London Postal Region
(formerly of Power Branch, E.-in-C.’s Office).
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machine, could be read only by removing the machine
from its stand.

(c) The limited range of values seriously reduced the
flexibility of use of the machine. Each time a revision
of postal rates was introduced an extensive modification
to each machine was necessary.

(d) Cash totals could be obtained only by conversion
of total shillings and total pence to a single combined
figure, there being no automatic conversion or “carry
over” of pence to shillings.

(e) Date setting was carried out by means of a stylus
inserted into the machine from its lower face.

(f) As the machine employed a pre-impregnated
ink-roller, engineering attention was required to replace
rollers for each 10,000 impressions. This was too
frequent to be economical.

(g) The method of printing was such that each im-
pression was produced in two stages. Consequently the
first and last label of each day had to be made waste
and this in turn required a special accounting procedure.

GENERAL FEATURES OF THE NEW MACHINE

The new machine (known as the Parcel-Label Printing
and Issuing Machine No. 2) will issue labels (illustrated
in Fig. 1) of any denomination between zero value and
19s. 11d. in steps of a penny. The total value of issues
is held in a meter on the top face of the machine and this
records in pounds, shillings and pence up t0o £999 19s. 11d.
Counting is continuous, the meters passing through zero
value without resetting. An additional “batching”
facility is given in the form of a meter which records up
to £99 19s. 11d. and which may be reset after each
transaction; it is intended to simplify the work of the
counter clerk when handling several parcels from a single
customer. As in the earlier model this machine is operated
by the rotation of a handle which is released by pressing
a button adjacent to the handle. The values are selected
by the setting of two concentric dials on the front of the
machine. The larger dial selects the shillings from 0 to 19
and the smaller dial selects pence. Four concentric rings
on the right of the front face of the machine, below the
value dials, may be adjusted to vary the date. The “year”
printing drum covers a period of twelve years, after
which time it will have to be replaced.

The printing is done by the impact of a spring-loaded
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eleven teeth and one set of eight teeth. The lengths of
these teeth are made progressively shorter by the same
increment when measured from the upper-end face of
the cylinder. On opposite sides of the mutilated gear,
two small gears are mounted each on square-section
shafts lying parallel to the mutilated-gear axis. It is
possible, by means of forks supporting the small gears,
to cause the gears to slide to any position on the square
shafts, so obtaining engagement with a larger or smaller
number of teeth on the mutilated gear during a complete
revolution.

Thus, by connecting the small gears through rack-
and-pinion systems to each of the cash-value dials, it
is possible to obtain a degree of rotation on the small
gears which is proportionately related to the values set
in *‘shillings” or *‘pence”.

Movement of the “‘pence’ gear along its square shaft
is confined to the lower portion of the group of 11 teeth
on the mutilated gear, to give the values O pence to
11 pence. The ‘“shillings” gear can move over the
whole range of both groups to obtain values of 0 shillings
to 19 shillings.

The square shafts are geared to long vertical shafts,
one on each side of the machine, which feed. separately,
into the metering mechanism the appropriate amounts
related to the “shillings™ and “‘pence” settings on the
dials.

ACKNOWLEDGEMENTS
The authors are indebted to Setright Registers,
Ltd., the manufacturers of the No. 2 machine, for some
of the information used in the article.

Book Reviews

“Trigonometry Refresher for Technical Men.” 629 -+
X pp., illustrated,
and

“Calculus Refresher for Technical Men.” 431 + viii pp.,
illustrated, both books by A. A. Klaf. Constable &
Co., Ltd. 16s. each.

These two books are primarily intended for revision
purposes by engineers and technicians who have previously
studied the subjects but whose knowledge may have become
rusty. Nevertheless the treatment is sufficiently thorough
and lucid to be quite useful to the student who has not
previously reached the standard of the material presented.

A characteristic of the books is that every paragraph
heading is in the form of a question, which is answered in
the paragraph under that heading. Apart from this some-
lxyhat novel feature the material is presented on orthodox
ines.

The topics treated are well explained and illustrated by
examples drawn from electrical, mechanical, civil and
aeronautical engineering, hydraulics, surveying and naviga-
tion. Many of the problems are worked out fully in the
text but there is an adequate number of test questions for
the student to work for himself.

With examples drawn from such a wide range of
applications it is natural that some topics are included
which are not normally studied by electrical engineers, e.g.
spherical trigonometry, but it is useful to have this for
reference purposes.

The scope and standard of the books does not correspond
to any well-known British examination syllabus, but the
standard of treatment is rather more than is required for the
Ordinary National Certificate syllabus in these branches of
mathematics.

The typescript is clear and bold, and the general style
of the books makes them attractive and easy to read.
Those who feel they need to brush-up their mathematics
as painlessly as possible will find these books stimulating
and interesting.

F.C. M.

“Foundations of Electrical Engineering,” Volume II.
H. Cotton, M.B.E., D.Sc., MIE.E.,, and E. W.
Golding, O.B.E., M.Sc.(Tech.)), M.LEE., Memnm.
ALE.E. Sir Isaac Pitman & Sons, Ltd. 252 pp.
170 ill. 30s.

This book, .by two well-known educationalists and
authors, is published in Pitman’s National Certificate series.
It deals mainly with alternating-current circuits and
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machines to the standard required for the Ordinary National
Certificate, Electrical Engineering S3 course.

Seventeen chapters deal with generation of a.c., induced
e.m.f., waveforms, instantaneous, average and r.m.s. values,
addition of alternating quantities, inductance, capacitance,
power and power factor, series circuit, parallel circuit,
resonance, symbolic notation, single-phase transformer,
polyphase working, polyphase induction motor, electronic
devices, and a.c. measuring instruments. The book adopts
the rationalized M.K.S. units, and an introductory chapter
summarizes the basic mechanical and electrical units.

The first four chapters are straightforward, with a lucid
distinction between sinusoidal and non-sinusoidal wave-
forms. The difficult problem of complex waveforms is
admirably overcome in the treatment given.

Chapters 5-11 are conventional subject matter. The
treatment is very clear and obviously written with a con-
siderable background of knowledge of students’ difficulties.
The parallel a.c. circuit, which students often find difficult
to grasp in their initial study stages, is extremely well treated.
Chapter 12 on symbolic notation again indicates the
experienced lecturer. This subject matter has been separated
out and a rigorous and lucid treatment of the j operator,
with many worked examples, is given.

The treatment of single-phase transformers, polyphase
circuits and induction motors in Chapters 13-15 is again
thorough and of a high standard.

Chapter 16 on electronic devices is in the nature of an
anti-climax in view of the high standard of the previous
chapters. It is limited to an elementary treatment of a few
aspects (simple valve theory, diode rectification, mercury-
arc rectifier, simple triode valve). The treatment, though
elementary, is far from lucid, particularly in the section
dealing with valves and valve theory, and the value of this
chapter to students is doubtful. The importance of elec-
tronic devices at the present time justifies a fuller scope than
that given.

Chapter 17 on a.c. measuring instruments is a collection
of digest descriptions, of rather elementary nature, of the
various instruments. It is rather disappointing, the treat-
ment being too brief to be really useful.

Numerous examples are worked throughout the text,
and the book ends with a series of problems, with answers,
as exercises on individual chapters.

The book is well produced, the diagrams are clear and
well drawn and fit excellently with the text. Based on
Chapters 1-15, which material forms the greater part of the
relevant syllabus, the book is highly recommended for
students taking the Ordinary National Certificate in
Electrical Engineering.
1.P.O.E.E. Library No. 2553. S. W.


















Institution of Post Office Electrical Engineers

Essay Competition 1959-60

To further interest in the performance of engineering
duties, and to encourage the expression of thought given to
day-to-day departmental activities, the Council of the
Institution of Post Office Electrical Engineers offers five
prizes, a first prize of six guineas and four prizes of three
guineas, for the five most meritorious essays submitted by
members of the Engineering Department of the Post Office
below the rank of Inspector. In addition to the five prizes,
the Council awards five certificates of merit. Awards of
prizes and certificates made by the I.P.O.E.E. are recorded
on the staff dockets of the recipients.

An essay submitted for consideration of an award in the
essay competition and also submitted in connexion with the
Associate Section I.LP.O.E.E. prizes will not be eligible to
receive both awards.

In judging the merits of an essay, consideration will be
given to clearness of expression, correct use of words,
neatness and arrangement, and although technical accuracy
is essential, a high technical standard is not absolutely
necessary to qualify for an award. The Council hopes this
assurance will encourage a larger number to enter. Marks
will be awarded for originality of essays submitted.

Copies of previous prize-winning essays have been bound
and placed in the Institution Central Library. Members of
the Associate Section can borrow these copies from the
Librarian, LP.O.E.E., G.P.O., 2-12 Gresham Street,
London, E.C.2.

Competitors may choose any subject relevant to current
telephone or telegraph practice. Foolscap or quarto size
paper should be used, and the essay should be between
2,000 and 5,000 words. An inch margin is to be left on each
page. A certificate is required to be given by each com-
petitor, at the end of the essay, in the following terms:—

“In forwarding the foregoing essay of.......... words, I
certify that the work is my own unaided effort both as regards
composition and drawing.”

Name (in Block Capitals)..........covuuuiiiineenannn
Signature ... ... e e e e
Rank ..o e e
Departmental Address.............c.ouuiieniuiiinnnnnn.

Date ... e e et e e

The essays must reach
The Secretary,
The Institution of Post Office Electrical Engineers,
G.P.O.,
2-12 Gresham Street,
London, E.C.2.
by 31 December 1959.

The Council reserves the right to refrain from awarding
the full number of prizes or certificates if in its opinion the
essays submitted do not attain a sufficiently high standard.

S. WELCcH,
General Secretary.

Additions to the Library

Library requisition forms are available from Honorary
Local Secretaries, from Associate Section Centre Secretaries
and representatives, and from the Librarian, I.P.O.E.E.,
G.P.O., 2-12 Gresham Street, London, E.C.2.

2535 Higher Electrical Engineering. J. Shepherd, A. H.
Morton and L. F. Spencer (Brit. 1958).

A textbook for a general Al year of Higher National

Certificate followed by an A2 year consisting of a
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common ‘‘Principles” section together with a choice
of heavy-current engineering or electronics. Also
covers much of London University Part 2 and certain
sections of Part 3 syllabuses, and most of C. & G.
Electrical Engineering Practice.

2536 Junction Transistor Electronics. R. B. Hurley (Amer.
1958).

Provides the basic knowledge of the characteristics
and circuit applications of transistors.

2537 Mathematician’s Delight. W. W. Sawyer (Brit. 1943).

Designed to convince the reader that mathematics
is not a forbidding science but an attractive mental
exercise,

2538 The Atom and the Energy Revolution. N. Lansdell
(Brit. 1958).

A broad introduction to the subject; points out the
social and political implications of this scientific
development.

2539 Metals in the Service of Man. W. Alexander and A.
Street (Brit. 1954).

Illustrates the parts played in life and civilization
by the many metals in common use.

2540 Prelude to Mathematics. W. W. Sawyer (Brit. 1955).

Emphasizes those branches of mathematics which
are existing in themselves and not through having any
great practical utility.

2541 Minerals in Industry. W. R. Jones (Brit. 1955).

A concise account of the many minerals and mineral
products employed in modern commerce.

2542 Balance Carried Forward. R. R. Comber (Brit. 1953).

Written primarily for those who run their own
businesses; explains the theory and practice of book-
keeping.

2543 Uses and Abuses in Psychology. H. J. Eysenck (Brit.
1953).

An examination of the claim of this science to be of
practical use in human affairs.

2544 Psychiatry Today. D. Stafford-Clark (Brit. 1952).

A summary of up-to-date knowledge of the prob-
lems of mental illness and abnormality, their causes,
treatment, and medical and social implications.

2545 Man and Automation. L. Landon Goodman (Brit.
1957).

Covers the technical aspects as well as the social,
economic and other aspects.

2546 How to be Happy Though Human. W. Beran Wolfe
(Brit. 1957).

Deals with many of the important problems of every-
day life.

2547 Economics of Everyday Life. G. Williams (Brit. 1953).

Includes such issues as the rise and fall of prices,
the dollar gap, international trade, and the wages
question.

2548 Atomic Radiation and Life. P. Alexander (Brit. 1957).

Gives the facts and indicates the great gaps in our
present knowledge of the subject.

2549 Elements of Magnetic Tape Recording. N. M. Haynes
(Amer. 1957).

A comprehensive book covering all aspects of the
subject.

2550 Television Servicing Handbook. G.J. King (Brit. 1958).

A practical handbook—includes Band IIT con-
vertors.

2551 Telegraphy. J. W. Freebody (Brit. 1959).

A clear and detailed account of principles and

practice, covering the equipment used by the G.P.O.
2552 Matter, Earth and Sky. G. Gamow (Amer. 1959).

Intended for the general reader—covers physics,

chemistry, astronomy and meteorology.

(continued on p. 225)















Associate Section Notes

London Centre

As the 1959-60 session drew to a close excitement
increased and focused upon the two teams who had
battled their way through to the final of the inter-Area
technical quiz. The finalists, East Area and West Area, met at
Waterloo Bridge House on 12 May. After such questions
as ‘““What are the advantages of battery testing?’ and
“What is the purpose of the 60 kc/s tone transmitted on
12-channel carrier groups ?”, East Area emerged the victors
with 45% points to West Area’s 40} points, out of a possible
total of 60 points. Mr. Greening, our Regional Liaison
Officer and Mr. Broadhurst, Liaison Officer of the Circuit
Laboratory branch, in their capacity as referees, helped to
make the evening entertaining as well as instructive by their
judging of the answers given by the teams. Scores through-
out the contest were consistently high, the average being
over two-thirds of the possible marks, and in each round
the winning team only narrowly beat their opponents. The
quiz shield was presented to East Area by Mr. Greening
at the annual general meeting of the London Centre in May.
Now that interest has been aroused more Areas are planning
to participate in a further contest which it is hoped will be
arranged this session, while losers in the last contest look
forward to success in a future match. The general purposes
committee are at present engaged in compiling questions
for future rounds and any assistance in this direction would
be welcomed.

The annual general meeting was also the occasion for the
first presentation of the C. W. Brown Award. The award,
which keeps alive the memory of our first President, is, to
quote the wording on the certificate, ““given annually to the
member who, in the opinion of the central committee, has
contributed most to the ideals and aims of the Associate
Section by loyal and enthusiastic service.”” It consists of a
certificate and a cheque. Out of six recommendations from
the L.T.R., Mr. W. M. Smyllie of West Area was chosen as
the most suitable candidate.

The penultimate lecture of the 1958-59 session, entitled
“Plastics and Their Applications,” was given by Messrs.
Ward and Newell of Ericsson Telephones, Ltd. After an
introduction by Mr. Ward, we were taken on an imaginary
tour of the Company’s plastics factory at Beeston by Mr.
Newell and shown the various stages of manufacture and
equipment involved. The talk was illustrated by excellent
colour slides. Examples of plastic mouldings were shown,
their strength being forcefully demonstrated in several tests.
The small attendance was thought to be due to last-minute
preparations for the City and Guilds examinations. The
concluding lecture, which preceded the annual general
meeting, was given by Mr. D. L. Campbell of the B.B.C.
and dealt with “Trick Work in Television Production.”
The lecture was supplemented by a film showing the various
trick effects employed, and the lecturer’s easy delivery and
humour provided a fitting conclusion to the session. The
102 seats in the Mezzanine Theatre were filled to capacity.

Turning now to forthcoming lectures in the new session,
the first, ““Exploring Space,” by Dr. T. A. Margerison of
the magazine New Scientist, will be over by the time these
words appear in print. The next, entitled *“The Automatic
Telex Service,” to be given on 13 October by Messrs. E. E.
Daniels and W. A. Ellis, Telegraph Branch, Engineering
Department, will deal with the new “Twopenny Telex,”
and will cover the pilot scheme being operated between
London and Leeds, and future developments in this rapidly
expanding field of communications. On 11 November
Mr. J. L. Garland, Long Distance Area, will be giving his
lecture on “The Continental Semi-Automatic Switching
Unit.” This equipment, installed at Faraday Building, will
ultimately enable operators in London to dial any European
subscriber directly. The technical film show on 2 December

will include “Bridge across Space,” “Fact and Fancy” and
““Antarctic Crossing,” the latter supplementing the “Trans-
Antarctic Expedition” lecture by Mr. George Lowe that
opened the last session.

The Circuit Laboratory radio group has obtained
accommodation in the basement of Armour House, and
after construction of the various benches they are pressing
ahead with the setting up of a transmitter. The editorial
section has also secured space in an adjoining store room
and production of the new issue of the Quarterly Journal
will start as soon as supplies of paper are available at the
end of the printing dispute.

It is hoped that an initial order for the new Associate
Section tie will shortly be placed. The order will depend
upon acceptance of the manufacturer’s sample after a
check has been made to avoid duplication of any existing
design.

No changes have taken place in the London Centre
committee for the 1959-60session. The officers and their Areas
are: Chairman: Mr. A. G. Welling (North); Vice-Chairman:
Mr. H. A. Horwood (West); Treasurer: Mr. W. C. Peck
(City); Secretary: Mr. D. W. Webber (Circuit Laboratory);
Assistant Secretary: Mr. W. H. C. Upton (South-West);
Librarian: Mr. S. A. Challoner (South-West); Radio
Secretary: Mr. E. R. Lamb (Circuit Laboratory); Visit
Secretary: Mr. B. C. Hatch (Centre); Editor: Mr. E. S.
Glynn (Circuit Laboratory). D. W. W.

Cornwall Centre

The annual general meeting of the Cornwall Centre was
held on 15 April 1959, at the “William IV,” Truro. The
following officers were elected: President: Mr. K. E.
Spurlock; Chairman: Mr. D. Jenkin; Vice-Chairman:
Mr. A. Furse; Secretary: Mr. A. R. Brown; Treasurer:
Mr. D. L. Moore; Committee: Messrs. G. Tregilgas,
H. Pearce, R. Sweet and K. Barlow.

The April meeting was a lecture on “Telephone Develop-
ment in the Isles of Scilly,” given by Messrs. S. T. Stevens
and D. Moore (who deputized for Mr. Lanfear, absent on
official business). May brought the first of the external
visits, with a visit to Falmouth Docks which, in spite of bad
weather, was well attended.

The highlight visit of the summer was on Saturday,
6 June, when a visit to the North Hessary Tor television trans-
mitter and B.B.C. studios, Plymouth, was arranged. Some
75 members attended, the party being divided into two
groups. The B.B.C. engineers arranged every facility,
including an excellent lunch, to make this visit most suc-
cessful. A. R. B.

Glasgow and Scotland West Centre

At this point, the “closed season” of our session, there
is very little obvious activity, the only sign of life being the
circulation of periodicals and, behind the scenes, the
arrangement of the 1959-60 program. We are endeavouring
to increase the attendances at our lectures, and towards that
end have appointed committee members who are well
placed to contact their colleagues and keep them notified
personally of all meetings, in addition to the normal circular
letter and poster already in use.

The members of the committee are: Chairman: Mr. G. R.
Lunn (Area Engineer); Vice-Chairman: Mr. R. T. Shanks;
Secretary: Mr. J. Fleming; Organizing Secretary: Mr. W.
Fotheringham; Treasurer: Mr. J. Murray; Librarian:
Mr. J. Fuller; Assistant Librarian: Mr. A. C. Campbell;
Committee: Messrs. J. Graham, K. Gordon, W. Goldie,
J. Bell, E. Carty, J. R. A. Boag, C. Faith, A. Kerr and
A. Anderson. 1. F.
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Haverfordwest Centre

The annual general meeting of the Haverfordwest Centre
was held on 5 May 1959 at the RAFA Club, Haverford-
west. The chairman reviewed the activities of the past year
during which the centre had five lectures, one demonstration
of Invicta stereophonic sound equipment and two film
shows. The treasurer reported that the finances of the
centre were very healthy and the membership was now 71.

The following were re-elected as officers and committee:
Chairman: Mr. R. J. Jenkins; Secretary: Mr. J. H. G.
Rees; Treasurer: Mr. B. J. Davies; Committee: Messrs.
F. A. Loomes, E. G. Richards, E. V. George, J. 1. Evans,
A. J. Panton, S. C. Maule and E. R. Collins.

Up to the time of writing these notes the Centre’s summer
activities have included a couple of motor-car treasure
hunts, which are very popular and a good means of aug-
menting the Centre funds. There has also been a conducted
tour of the new oil-refinery site at Milford Haven, ending up
with lunch at the Lord Nelson Hotel, by courtesy of The
Esso Petroleum Co. This, too, proved to be very interesting
and was well supported.

J. H. G. R.

Sunderland Centre

The annual general meeting in April was combined with
a film show on the structure of motor vehicles, which was
of great interest to the members present.

Officers for the coming year were elected and plans made
for the 195960 session, when we again hope for a successful
year and look forward to support from you all.

Ww. C.

Tunbridge Wells Centre

The annual general meeting was held in April at the
Telephones Club, York Road, and the following officers
were elected: Chairman: Mr. F. Archer; Secretary: Mr. D.
Malcolm; Assistant Secretary: Mr. F. T. W. Payne;
Treasurer: Mr. F. McGill; Librarian: Mr. J. Vidler; Scribe:
Mr. R. A. Davey; Auditors: Mr. B. Ray and Mr. J. Vidler;
Committee: Messrs. L. Summerfield, K. Muggeridge, S. Kirk,
C. Coleville and R. Winn.

Membership is up to 195 and the average attendance at
meetings, reading of papers and visits is about 30. In the
coming year we aim to increase the latter figure by providing
an interesting program and giving it wide publicity, e.g.
displays on the notice boards in the Area, and member-
ship cards for each member showing the full program for
the year.

Last year's program included visits to the B.P. oil
refinery at the Isle of Grain, Briggs Motor Bodies,
Dagenham, and the Post Office Research Station, Dollis
Hill. Of the seven papers read during the session, five of
them were given by our own members. The subjects
covered were: ‘““‘Sales Duties,”” by Mr. Riley; ‘“Auto
Telephony,” by Mr. F. Archer; “Works Supervision,” by
Mr. Harrison; ‘“Cable Pressurization,” by Mr. Wickenden;
“Storage Batteries,” by Mr. L. Hurst; “Cable Corrosion,”
by Mr. T. Light and “Carrier Telephony,” by Mr. Vidler.

An interesting program is being arranged and the chair-
man and committee look forward to seeing members and
prospective members during the coming session.

R. A. D.

Bradford Centre

The annual general meeting of the Centre took place
on Thursday, 11 June 1959. The following officers were
elected: Chairman: Mr. A. J. Procter-Blain; Secretary:
Mr. R. C. Siddle; Treasurer: Miss E. P. Hawkins; Librarian:
Mr. D. Relton; Committee: Messrs. E. Dennison, M. Firth,
R. A. Gill, W. Burnett, M. Bleazard and R. Winterburn.

We are now arranging the program for the 1959-60
session when we hope to include visits to the I.T.A. studios
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at Manchester, ‘“Ernie” at Lytham-St-Annes, and the
radio telescope at Jodrell Bank.
The membership of the Centre is now over 170 and we
hope to be well supported in the coming session. s
R. C. S.

Huddersfield Centre

The following program has been arranged for the 1959-60
session:

September: ‘““Cable Development,” by Mr. A. C. Holmes.

October: Afternoon visit to Manchester Ship Canal Co.

October: ‘“Gardening,” an illustrated talk by Mr. G.

Howarth.
November: Evening visit to C.I.LD. Block, West Riding
Police, Wakefield.

December: ‘“‘Outline of Amateur Radio,” a demonstration

and talk by Mr. G. Mallinson.
January: Afternoon visit to H. J. Heinz, Ltd., Kitt Green,
Wigan.

February: “Sales and Service,” by Mr. Stansfield.

March: Full-day visit to Automatic Telephone &
Electric Co., Ltd., Liverpool.

Avpril: Afternoon visit to Slazengers, Ltd., Horbury,
Wakefield.

May: Annual general meeting.

Officials for the session have been elected as follows:
Chairman: Mr. P. H. Wade; Treasurer: Mr. B. B. Howell;
Secretary: Mr. D. Booth (Tel: Huddersfield 300, Extn. 46);
Journal Secretary: Mr. W. A. G. Cowling; Committee:
Messrs. A. Longstaff, B. Stephens and H. A. Burden
(Internal): Messrs. D. Harley, J. S. Nelson and J. Hirst
(External).

D. B.

Leeds Centre

On Friday, 20 March 1959, members of the Leeds Centre
paid a visit to Ericsson Telephones, Ltd., Beeston, Notting-
ham. The party travelled by coach and were welcomed at
the factory by Mr. Mountney, who had arranged a very
interesting tour of sections of topical interest. It was
gratifying to see the rapid development which had taken
place in extending the factory, and the increase in auto-
mation which was evident in all departments. It was
interesting to see the precision methods which were in use
for the production of the sensitive high-speed relay for
guided-missile experiments. The tests which were carried
out on these relays were very interesting, and the members
of the party were fortunate in having their questions
answered by the head of that particular department.
Members were entertained to lunch and tea in the staff
dining-room, and grateful thanks were conveyed to the
company for a most enjoyable visit.

On Tuesday, 14 April, an illustrated talk, ‘“Recent
Developments in Aerial Cable Construction,” by Mr. J.
Bluring, External Plant and Protection Branch, Engineering
Department, was given at the Griffin Hotel, Leeds. Mr.
Bluring presented the subject in all its aspects, explaining
the various methods of construction, coupled with the
common faults which were frequently encountered. The
talk was very well illustrated, and the chairman thanked
Mr. Bluring for his visit and a most interesting talk.

The annual general meeting was held at the Griffin
Hotel, Leeds, on Tuesday, 16 June 1959. The officers
elected are : Chairman: Mr. C. Baker; Secretary/Treasurer:
Mr. E. B. Lancaster; Committee: Messrs., Lancaster,
Bateman, Crowther, Newton, Cotterill and Senior;
Librarian: Mr. L. J. Harris. The evening was concluded
by an illustrated talk by Mr. Knight, Director of Leeds
Parks Department. The subject, “Some of my Favourite
Plants,” was of great interest to all, and much enthusiasm
was shown in the question period by members seeking
advioe on their gardening problems.



The following program has been arranged for the
1959-60 session:

10 September 1959: “Coaxial Line Equipment Develop-
ment,” by Mr. W. G. Simpson, Research Branch,
Engineering Department.

12 October 1959: “Transistors Illustrated,” by Messrs.
Gardner and Nicholson, Mullard Ltd., London.

18 November 1959: Full-day visit for 12 members to
Mullard valve factory, Blackburn.

11 December 1959: Dinner and dance.

6 January 1960: Full-day visit to Manchester dock, to a
boat, and to A. Guinness, Ltd., Manchester.

4 March 1960: Full-day visit to Chloride Batteries, Ltd.,
Clifton Works, Swinton, Manchester.

13 April 1960: “Subscriber Trunk Dialling,” by Mr.
T. Barker, North Eastern Regional Office.

31 May 1960: Annual general meeting and film show.

10 June 1960: Full-day visit to new factory of H. J. Heinz,
Ltd., Wigan.

C.B.

Sheffield Centre

During April another visit was made to the Sheffield
trunk exchange. Since the last occasion the telex automatic
equipment and the junction tandem exchange have been
brought into service, and these proved to be of particular
interest to the 40 or so members and friends who attended.
Refreshments, served in the canteen, made a welcome break
for both guides and visitors in a very full program.

The annual general meeting was held during June, when
the following officers were elected: Chairman: Mr. J.
Mclnnes; Vice-Chairman: Mr. F. S. Brasher; Secretary:
Mr. L. G. P. Farmer; Assistant Secretary: Mr. K. T. Gray,
Treasurer: Mr. C. S. Sheperd; Librarian: Mr. G. Wood-
house; Scribe: Mr. J. E. Simons; Registrar: Mr. C. B. Gray;
Auditors: Messrs. F. Bough and S. G. Cole. Committee:
Messrs. J. H. Brown, S. Cottage, F. Gosling, A. Knowles,
J. Watts, W. Wilks, G. T. Ridsdale and D. Ashton.

It was with regret that we accepted the resignation of
Mr. G. T. Ridsdale from the office of secretary, and we
should like to record our thanks for his enthusiastic work
during the past two years, which have been particularly
successful ones for the Sheffield Centre. Fortunately, we
shall still have his services on the committee, on which he
previously served for 11 years.

A visit to the Sheffield Fire Bridgade Headquarters was
offered at short notice, but we had no difficulty in finding a
full quota of visitors who spent a most entertaining and
instructive evening. We were amazed at the variety of
vehicles, from a self-contained water tender with two small
hose-reels for making a quick attack on a fire to a 6-hose pump
and a 100 ft turntable ladder. The emergency tender carries
a complete mobile workshop which can cope with anything
from jacking up a tramcar to extracting a small boy’s head
from between iron railings.

In the control room the switchboard and fire-alarm
circuit terminations were of particular interest. There
seemed to be a prearranged plan of action for every type of
fire, with arrangements to bring in help from outside
authorities if required. It was interesting to note that the
area covered by the brigade was determined in some cases,
not by the city boundary, but by the area of those telephone
exchanges whose “999” calls are routed into Sheffield.

We made another trip to Liverpool on 2 July, this time to

the works of British Insulated Callender’s Cables at Prescot.
Again a limited number of members visited the works, while
the remainder, along with friends, spent the day in Liver-
pool. At the works, processing starts with the purification
of the Rhodesian copper, which is then rolled into heavy-
guage wire either in the pure form or, after being com-
pounded, as an alloy such as cadmium copper. The process
of making mineral-insulated cable was particularly interest-
ing. A cable-length starts as a 2in. copper tube about
12 yd long. The centre cores, up to seven in number, are
initially located in holes through a steel ram which runs the
length of the outer tube. This is then raised to a vertical
position and the insulant, magnesium-oxide powder, is fed
in and compressed by the ram, which is gradually with-
drawn. Finally, the whole assembly goes through a series of
drawing and annealing processes until it is reduced to the
desired gauge.

After lunch the afternoon was spent in the telephone-cable
division, where we saw, from start to finish, almost every
type of cable, from local distribution to coaxial, being made.
An unexpected consequence of the printing strike was dis-
covered—the manufacture of paper-cored cable might have
been held up if the shortage of ink prevented printing of
identification markings on the paper tape! We are greatly
indebted to B.I.C.C. for an interesting visit coupled with
first-class hospitality.

J. E. S.

London Power Centre

Preparations for the 1959-60 session are in hand. The
biggest single problem confronting the secretary is, of
course, to ensure the materialization of the technical dis-
cussion papers promised by members months ahead of the
presentation dates.

The coming session should be good. With many papers
in course of preparation and several already completed, it
has been possible to program the first three months’
meetings at the time of writing, viz.:

October 1959: “The Electronic Letter-Sorting Machine,”

by Mr. A. H. J. Towner.

November 1959: “Maintaining the E.L.S.M.,” by Mr.

J. Jarvis.
December 1959: ‘“Domestic Hot-Water Supply,” by
Mr. T. M. Mitchell.
Provisionally programmed for the succeeding months we
have:
January 1960: “Thermionic-Valve Amplifiers,”” by Mr.
W. J. Titmarsh.

February 1960: “Semi-Conductor Rectifiers,”” by Mr. D.
Winterbourne.

March 1960: “The New W.D.O.,” by Mr. W. Sutton.

April 1960: “A New Look at the P.O. Railway,”” by Mr.
A. G. Weech.

The program of monthly visits to manufacturing firms,
etc., is being maintained and is as popular as ever.

The London Power Centre librarian now holds service
data sheets and circuits for most makes of television
receivers. These are available on loan to our members.

We were delighted to secure yet another award in the last
essay competition and take this opportunity of congratu-
lating Mr. B. D. Lock for his efforts on behalf of the London
Power Centre.

P. J. F.
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Staff Changes

Promotions
Name Region Date Name Region Date
Staff Engineer to Assistant Engineer-in-Chief Assistant Engineer (Limited Competition)—continued_
Jones, R. E. E.-in-C.O. .. 1.9.59 Hall, B. E. E.-in-C.O. .. 4.5.59
Staff Engineer to Deputy Director }\)/?11131? ph? JG E¥ PRetg E-in-C.O. Zggg
Gould, E. F. H. E.-in-C.O. to E.T.E, 19.9.59 Hansford, D. J. ETE. o 4.5,53
Regional Engineer to Chief Regional Engi Green, R, A. .. L.T. Reg. .. .. 4.5.5
Lué;;osm; Ngl . ej;coetgltoon ‘II\I V\’/lgllzzer 4.8.59 Aviss, H. W. .. H.C. Reg to E.-in-C.O. .. 4.5.59
» £ 2 : W, Reg. S Gorton, R. K. N.W. Reg. .. 4.5.59
Assistant Staff Engineer to Staff Engineer Fielding, F. W. L.T. Reg. to L.P. Reg 4.5.53
Francs, H. E... E.-in-C.O. .. 1.9.59 Turner, J. E. L. E.-in-C.O. 23.5.5
Balcombe, J. ElinCoO. .. 19.9.59 Musgrave, K. G. Mid. Reg. to W.B.C. 25.5.59
N . . Clark, G. W. E.-in-C.O. 25.5.59
Area Engineer to Assistant Staff Engineer Pembertop ] . E.-in-C.O. to W.B. C 25.5.59
Knee, H. S.W. Reg. to E.-in-C.O. .. 20.7.59 Hazell, R. T, S.W. Reg. .. .. 25.5.59
Area Engineer to Regional Engineer g‘:{gss’ }17{{ ? I];I-Y: ggg to N. E Reg. o 222?3
Dixon, J. N.W. Reg. to W.B.C. 10.8.59 Moon, R.J. .. E-in-C.O. .. 25'5.59
Senior Executive Engineer to Regional Engineer Harper, R. D... E.-in-C.O. .. 4.5.59
Adams. W E E-in-CO. to Seof 4.8.59 Nolan, A. V. .. N.W. Reg. to Scot 4.5.59
> : o : e Kerry, W. C. .. L.T. Reg. to E.-in-C.O. 4.5.59
Executive Engineer to Area Engineer Williams, R. .. W.B.C. to Mid. Reg. 25.5.59
Sims. A. E.J L.T. Reg 8.4.59 Fewtrell, S. V. L.T. Reg. to E.-in-C.O. 25.5.59
Sims, F J IT Re . 24'4'59 Steele, M. R. .. S.W. Reg. to Mid. Reg. 25.5.59
A 1. Ree o Gardner, D. J. E.-in-C.O. 4.5.59
Executive Engineer to Senior Executive Engineer Adcock, D. P. L.T. Reg t0 E -in-C.O. 25.5.59
Lamb. A H N.E. Reg 4.6.59 Westlake, N. B. L.T. Reg 25.5.59
Halkes. G. R. H. E-in-C.O. 6.7.59 Trowell, N. . L.T. Reg to E.-in-C.O. 25.5.59
Chick, P. G. S. E-in-C.O. .. 13.7.59 Inspector to Assistant Engineer
Executive Engineer (Open Competition) Williams, D. .. W.B.C. - 19.5.59
Meads, E. F. .. E-inCO. .. 2.6.59 Jennings, M. W. E. L.T. Reg. to L.P. Reg %2.5.59
Fiddes, R. G. .. E-in-C.O. .. 29,659 | Caloe,S.J. N.W. Reg. . 0.7.59
Assistant Engineer to Executive Engineer g“h’ zttcaéVOjﬁcer fo Assistgm tEng tneer 77 4.59
ennet, W. .. cot. 27.4.
Seatch, G T e Ree 11232 | Whitchead, H. N.E Reg. .. 14559
Goodall. W. G. E.-in-C.O. .. 24.4.59 Bourne, A. T. .. Mid. Reg. .. 28.4.59
Newmaﬁ W. L. LT. Reg. : 24.4.59 Waite, K. 1. .. Mid. Reg. .. 28.4.59
Byrne S.' H L LT. Reg 24.4.59 Beswick, W. S. M_ld. Reg. .. 28.4.59
Cawood, R. J. N.E. Ree 37559 Randall, J. .. Mid. Reg. .. 28.4.59
Clark, R. NE. Reg 50.5.59 Crockett, G. C. Mid. Reg. .. 28.4.59
Donohue C. P ETE 50.5.59 Wilson, G. L. .. E.-in-C.O. 28.5.59
Anderton c ETE. 20'5'59 Scanlan, W. .. N.W. Reg. to E.-in- C O. 28.5.59
Walter. A. C. . LT Reg 8<6.59 Ballinger, R. W. L.T. Reg. to E.-in-C.O. .. 28.5.59
Mawds’ley A T N.W. Rot 1.759 Sears, R. J. .. W B.C. to E.-in-C.O. 28.5.59
Howes, B/ L WaC & 4839 Kitsell, J. H. .. E.-in-C.O. .. 28.5.59
Roberts w. .A LT .Reg 10.7.59 Naisbitt, R. D. L.T. Reg. to E. -in-C.0. .. 28.5.59
Searle, P.R. E-in-C.O. . 37759 Watcham, S. A. H.C. Reg. to E.-in-C.O. .. 28.5.59
Redman F. W. ‘G E‘-in-C'O‘ : 16.7.59 Kilsby, K. B. .. L.T. Reg. to E.-in-C.O. 28.5.59
Allan, T, ; E-in-C.O. 16.7.59 Richards, J. P. E.-in-C.O. .. 28.5.59
: L - -y Kenyon, G. .. N.W. Reg 21.5.59
Warburton D. E.-in-C.O. . 16.7.59 B W. I R S 10.3.59
Cooper, G. E-in-CO. . 16.7.59 e sonrin cot. 3
Holmes 1 E-- Enco. [ U de7s | Seemeer C.L LP. Reg 335
Watkins, A. H. H.C. Reg to E-inCO. .. 25759 | $eott R-J . LP Reg el
Longmore, D. S. E-in-CO. .. .. 16.7.59 e p- C R o
Spencer, H. H. S'W. Reg, . 8759 Felgate, J. E. .. H.C. Reg 11.6.59
Halliday, C. M. E.-in-C.O. 30759 | Goles R-W. ELE >3
Pattemore, T. E. E.-in-C.O. 30.7.59 Southeate. G. F NE Ree 22639
Wait, D. W. L.T. Reg. to E.-in-C.O. 25.7.59 bty e A
Perrin, F. D. .. E.T.E. 24.6.59
Baker, A. E. .. E.-in-C.O. 25.7.59 Ed d
Fensom, H. W. E.-in-C.0. 257,59 monds, A. W. Mid. Reg. 28.7.59
Roberts, G. A. N.W. Reg. to E.-in-C. 0. 24.8.59
Assistant Engineer (Open Competition) Gorard, S. R. .. L.T. Reg. to E.-in-C.O. .. 6.7.59
Spittie, A. H. E.-in-C.O. .. 26.3.59 Brennan, J. .. N.I. to E.-in-C.O. . 20.7.59
Askew, J. B. .. S.W. Reg. .. 1.4.59 Lawrence, D. A. E.-in-C.O. .. 6.7.59
Weatherburn, R. E.-in-C.O. .. 6.7.59 g_regn, dD- C-F- 5 ELEReg to E-in-C.0. 5223
Assistant Engineer (Limited Competition) Mli(itg;, SDon’]_‘ L S.W. Reg. to E.-in-C. o. .. 17:8:59
Gibbons, A. K. E.-in-C.O, .. 4.5.59 Haarer, J. A. .. L.T. Reg. to E.-in-C.O. 6.7.59
Day, L. R. S.W. Reg. .. 4.5.59 Holloway, E. E. L.T. Reg. to E.-in-C.O. 6.7.59
Brice, G. S W. Reg. . 4.5.59 Wall, H. . E.-in-C.O. 6.7.59
Yaxley, A. F. E.-in-C.O. to H.C. Reg 4.5.59 Palmer, G. B.. E.-in-C.O. 10.8.59
Meikle, A. G S.W. Reg. to E.-in-C.O. 4.5.59 Baker, L. R. .. H.C. Reg. 20.7.59
Moon, G. N. .. E.-in-C.O. to L.T. Reg 4,5.59 Bryant, K. J. .. H.C. Reg. 7.7.59
Holland, D. N.W. Reg. . 25.5.59 White, W. J. H.C. Reg. 7.7.59
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Promotions—continued

Name Region Date \ Name Region Date
Technical Officer to Assistant Engineer—continued i Experimental Officer to Senior Experimental Officer
Govan, J. G. .. L.T. Reg. 7.7.59 Brook, H. D. .. k.-in-C.O. .. 24.6.59
Thompson, D. A. L.T. Reg. 7.7.59 | Sheppard, N. F. E.-m-C.O. .. 24.6.59
Robinson, W. H. L.T. Reg. 7.7.59
Blackwell, D. .. L.T. Reg. 7.7.59 | Assistant Experimental Officer to Experimental Officer
Iliclll, éJF. IEITE %eg. 2(7)-;-23 i Howard, J. B. (MISS) E.-in-C.0. .. 26.5.59
a, k. J. -E. Reg. e Nye, D. A. . E.-in-C.O. .. 26.5.59
Bear, L. N.E. Reg. 20.7.59 James, D. T. .. E.-in-C.O. .. 26.5.59
]lfooth, E;l . EE ﬁeg. gg;gg Schroder, C. R. E.-in-C.O. .. 26.5.59
awson, J. I. .. .E. Reg. .. 20.7.
Bulmer, E. N.W. Reg. .. 20.7.59 Scientific Officer (Open Competition)
Jones, J. 1. (Miss) E.-in-C.O. .. 75.59
Technical Officer to Inspector |
Hopkinson, R. R. N.E. Reg. 15.4.59 Assistant Experimental Officer (Open Competition)
Wheeler, H. C. B. L.T. Reg. .. 13.5.59 Fudge, A. D. .. E.-in-C.O. .. 3.6.59
Iéevesleé Lw C. E.g-ﬁeg. .. %;.g-gg | Birkby, J. W. .. E.-in-C.Q. .. 22.6.59
asey, G. W. .. .C. Reg. .. .6. |
i Assistant (Scientific) (Open Competition)
Technician I to Inspector | Smith, A. F. E.-in-C.O. .. 3.6.59
Pearson, J. B. .. N.E. Reg. 15.4.59 '
McMahon, T. N.E. Reg. 29.4.59 Workshop Supervisor I to Technical Assistant 11
%‘rocide, }J:). ‘}VN EfE llgeg. Ztls.gl.gg Reynolds, W. B. H.C. Reg. to London Reg. 5.6.59
aylor, F. W. .. .T. Reg. .5. — _ .
green’SHi—IEA .- II:¥ geg % iggg Leading Draughtsman to Senior Draughtsman
cott, 5. H. A. 1. Reg. 022 | Edwards, H. G WB.C 9.6.59
Ironside, T. J. L.T. Reg 13.5.59 | A T e
? |
Bumpus, S. W. H.C. Reg 15.6.59 Draughtsman to Leading Draughtsman
Jestico, R. E. .. H.C. Reg 7.7.59 5 R G E-nC.O 18.6.59
Johnson, H. .. Mid. Reg 30.6.59 ones, K. 4. 0. -0
Dawkes, H. E. L.T. Reg. 7.7.59 R - R .
Higgins, A. J. .. L.T. Reg. 7759 | Higher Executive Officer to bjemor Executive Officer
Hirst, A. E. X N.E. Reg. 18.6.59 | Duncan, W. B. E.-in-C.O. .. 10.7.59
Moorhouse, J. N.W. Re 14.7.59
Fish, J. N.W. Re{g; 14.7.59 | Executive Officer to Higher Executive Officer
Harrlson K. R N.W. Reg 22.7.59 | Tucker, F. Y. (Miss).. E.-in-C.O. .. 10.7.59
Retirements and Resignations
Name Region Date i Name Region Date
Assistant Engineer-in-Chief i Assistant Engineer—continaed
Warren, A. C. E.-in-C.O. .. 31.8.59 Grimmitt, T. W. Mid. Reg. .. 31.5.59
X X . v Titmarsh, G. .. H.C. Reg. 31.5.59
Chief Regional Engineer ! Jago,R.T. . L.T. Reg. 6.6.59
Davis, H. G. .. N.W. Reg. .. 31.7.59 } ](2}5?1111::; iI: l}/l . gc\?& Reg zgggg
Senior Executive Engineer " Harrison, H. G. S.W. Reg 28.6.59
Stone, M. C. .. E.-in-C.O. 21.7.59 Singleton, W. H. E.T.E. 16.6.59
Ra\;gvlinson W. N.E. Reg 2.7.59
Eg“"”"(f: Engineer . Webb, C. D. .. S.W. Reg 7.7.59
Sharps, C. .. E.T.E. 19.4.59 Wyatt, E. J. R. L.T. Reg. 31.7.59
Pyman, F. A. M. L.T. Reg. 30.4.59 Johnson, C. W. N.E. Reg. 31.7.59
Williams, J. E. S.W. Reg. 1.5.59 Cudmore, T. W. H.C. Reg. 28.8.59
Sawyer, R. H. W. H.C. Reg. 9.5.59 | Cooper, H. L... H.C. Reg. 31.8.59
g?gg, A. E.-in-C.O. . 11.5.59 i J .
ayton, W. .. N.E. Reg. . 21.5.59 nspector
Biggers, P. S. S. Scot. . 8.6.59 Penington, W. L. N.W. Reg 31.12.58
Watt, J. . E.-in-C.O. . 15.6.59 Bollard, C. L.T. Reg 17.2.59
Eoss, J. D. (Restgned) E.-in-C.O. . 8.5.59 Campbell, J. Scot. 7.2.59
es, S. B . N.W.Reg. . 30.6.59 Nunn, N. E. H.C. Reg 8.3.59
Fox, W. H. E.-in-C.O. . 19.7.59 Guile, F. J. .. H.C. Reg 2.4.59
. . I Mercer, H. H. N.W. Reg 28.2.59
Assistant Engineer Longbottom, G. R. N.E. Reg 9.4.59
Pitt, R. F. E.-in-C.O 9.4.59 Alexander, L. L.T. Reg 18.4.59
Boyes, T. .. Mid. Reg 9.4.59 Jewes, F. T. N.E. Reg 25.4.59
Anson, T. A. .. N.E. Reg 13.4.59 Cowell F. H. N.E. Reg 28.4.59
Henson F. B... Mid. Reg 24.4.59 Hubble B. L.T. Reg 7.5.59
Nall, W. A. .. Mid. Reg 30.4.59 Juden, L. J. .. L.T. Reg 10.5.59
Chrlsto%her F. J. gg Reg 5.5.59 Greaves, H. C. N.E. Reg 14.5.59
Green .E. Reg 2.5.59 Pringle, C. .. H.C. Reg 31.5.59
Massey, G. O. Scot. 2.5.59 Sansom, W. S. S.W. Reg 1.6.59
Searle, E. L. .. L.T. Reg 5.5.59 Lines, F. W. G. L.T. Reg. 8.6.59
Downs, A. E. .. L.T. Reg 11.5.59 Cross, J. W. .. L.T. Reg. 13.6.59
Smith, J. P. N.E. Reg 15.5.59 Clewer, R. W. H. Mid. Reg 18.6.59
White, H. S. E.-in-C.O 18.5.59 Palmer, R. C. .. L.T. Reg 30.4.59
Adams, W N.E. Reg 22.5.59 Cross, F. C. W.B.C. 31.7.59
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Retirements and Resignations—continued

Name Region Date | Name Region Date
Experimental Officer Asszstanr Regional Motor Transport Officer
Warren, R. E... E.-in-C.O. .. 30.6.59 Waterfield, A. J. B. London Reg. .. .. 9.4.59
(Resigned) Mathewson, F. J. N.E. Reg. .. .. .. 15.5.59
Senior Draughtsman
Assistant Experimental Officer Brown, J. F. W.B.C. 8.4.59
Little, D. J. (Resi, E.-in-C.O. .. 30.1.59
e (Resigned) n \ Leading Draughtsman
I Clipsone, H. G. E.-in-C.O. .. 31.5.59
Assistant (Scientific) i Storry, S. C. . Scot. 10.6.59
Garrett, B. V. (Resz ned) E.-in-C.O. 29.5.59 - ; -
Guthrie, A. G. A o ElinC.0. 30.6.59 Higher Executive Officer
(Res:gned) Lyndoe, H. G. E.-in-C.O. .. 23.1.59
Transfers
Name Region Date ] Name Region Date
Assistant Staff Engineer \ Assistant Engineer
Jackman, A. J. E.-in-C.O. to L.T. Reg. 1.6.59 Foster, G. J. E.-in-C.O. to Foreign Office 2.2.59
King, F. A. .. E.-in-C.O. to L.T. Reg. 23.3.59
Morgan, E. P. W.B.C. to Foreign Office. . 1.2.59
Regional Engineer Feltham, D. R. E.-in-C.O. to H.C. Reg. .. 20.4.59
T ~ & . Barker, A. L. .. E.-in-C.O. to Foreign Office  27.4.59
Greening, F. C. G. L.T. Reg. to E.-in-C.O. 1.6.59 Sheldon, W. .. Pakistan to E.-in-C.O. i 6.5.59
Adcock, D. P. E.-in-C.O. to L.T. Reg. 23.6.59
. . . Kerry, W. C. .. E.-in-C.O. to L.T. Reg. .. 23.6.59
Senior Executive Engineer Millard, C. N. E.-in-C.O. to H.C. Reg. .. 4.8.59
Rattue, P. J. H.C. Reg. to War Office .. 20.5.59 | - - -
Harris. D. J. E.-in-C.O. to H.C. Reg. .. 6.7.59 Assistant Experimental Officer
Biggs, K. J. E.-in-C.O. to Min. of Supply 9.3.59
. . Assistant (Scientific)
Executive Engineer . . Page, P. E. E.-in-C.O. to D.S.LR. 2.3.59
Adams, L. J. .. E.-in-C.O. to L.T. Reg. 1.5.59
Robinson, J. T. L.P. Reg. to War Office ..  19.5.59 | Motor Transport Officer 111
Greenall, J. E.-in-C.O. to L.P. Reg. 6.7.59 | Byatt, H. A. E.-in-C.O. to London Reg. 10.4.59
Kyme, R. C. .. Nigeria to E.-in-C.O. 1.7.59 Hidson, C. E-in-C.O.to N.E. Reg. ..  16.5.59
Bellew, T. K. .. E.-in-C.O. to Nigeria 9.7.59 . .
Burton, A. J. H. Ghana to E.-in-C.O. 17.8.59 Technical Assistant 11
Chisnall, W. E. E.-in-C.O. to L.T. Reg. 4.8.59 | Shipway, A. R. E.-in-C.O. to H.C. Reg. .. 11.4.59
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GonJorCel 1 wWATT smc('lm ZENER DIODES

@ Have a large
dissipation for
their size

@ Are suitable for
high tempera-
ture operation

@ Have a low tem-
perature co-effi-
cient of voltage

@ Are suitable for

use as regula-
tors, limiters,
surge suppres-
sors, and voltage
references

The first com-
plete range of
close -tolerance
ZENER Diodes
available from
production

Characteristics and ratings of SenTerCel
Zener Diodes are given in publication MF/103

GROUP

COMPONENTS

Z2 SERIES ZENER DIODES
NOMINAL
+59% Voltage TYPE
Tolerance VOLTAGE
(Red and Green - -
Sleeves) Z2A36F 3.6
Z2A39F 39
Z2AA43F 4.3
+10%; Voltage Z%'IZ\\HF 4.7
Z2ASIF 5.1
Tolerance Z2ASEF 56
(Red and Yellow Z2A62F 6.2
Z2A68F 6.8
Sleeves) Z2ATSE 75
Z2ﬁ82F 8.2
Z2A91F 9.1
+209, Voltage Z2A100F 10
Tolerance Z%ﬁ\\l Ig!; ]
Z2A12 12
(Red and Blue ZAAI30F 13
Sleeves) Z2A150F 15

Registered Office: Connaught Hause, Aldwych, London, W.C.2

RECTIFIER DIVISION:

EDINBURGH WAY - HARLOW

Srandard Telephones and Cables Limired

ESSEX
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No
additional
staff
required

This announcer equipment, in which
the announcement is recorded on tape,
is ideal for subscriber changed-
number announcing in an automatic
telephone exchange, either on a
permanent basis, or for temporary use
during the period of heavy changed-
number traffic, following a major
re-organisation of an exchange
numbering system.

The equipment is mounted on a
free-standing transportable rack,
6ft. g}ins. high, and 2ft. gins. wide (206 x
84 cms). The tape recorder itself mounts
on a platform near the centre of the rack,
which also houses all the apparatus
necessary to give a changed-number
announcement service.

The fact that no extra operating or.
maintenance staff are required is an
important advantage.

The equipment is equally suitable for
other services, e.g. weather forecasts,
entertainment guide, etc.

Everything for telecommunications
THE GENERAL ELECTRIC COMPANY LIMITED OF ENGLAND
Telephone, Radio and Television Works, Coventry, England
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with this & G.C ANNOUNCER EQUIPMENT
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BUFFER BLOCK
SPRINGSET
CAM
FOLLOWER SECURING SCREW

SPRINGSET
MOUNTING BRACKET

JACK PLUG

INTERRUPTER

ARMATURE
STRIKER

RETURN SPRING coiL
ARMATURE

KNIFE EDGE INTERRUPTER SPRINGSET
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Winding Wires & Strips

with these important characteristics :

HIGH THERMAL STABILITY
HIGH DIELECTRIC STRENGTH
GOOD ABRASION RESISTANCE
EXCELLENT FLEXIBILITY

Polyester No. 1 Winding Wires are a new development
by BICC.

They are superior to, and supersede BICC Teramel
Winding Wires, and have the additional advantage of
improved flexibility on rectangular conductors.

BRITISH INSULATED CALLENDER’S CABLES LIMITED 21 BLOOMSBURY STREET LONDON WCI
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