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.



THE POST OFFICE
ELECTRICAL ENGINEERS
JOURNAL




CONTENTS

Page
A NEW DETECTION SYSTEM FOR TELEVISION AND V.H.F. RADIO RECEIVERS
K. G. Burling, AM.LE.E., AM.Brit. LR.E., and J. C. Fenning. . ............couueuseuuernannn.. 219
A LINE-CONSTRUCTION VEHICLE
W. C. Ward, B.Sc.(Eng.), MULE.E. ... ..ottt ittt et e e 226
MONITORING STATION FOR MOBILE-RADIO SERVICES
L. T. Arman and E. J. ML Peck. . ..o oo e e e e e 228

EQUIPMENT FOR THE MEASUREMENT OF SOME CHARACTERISTICS OF THE NOISE
IN TELEPHONY AND TELEVISION CHANNELS—D. Turner, B.Sc.(Eng.), AM.LE.E....... 231

THE GROUP REFERENCE-PILOT SIGNAL
R WL Naulls . ... e e e 237

IMPROVEMENTS IN THE TELEPRINTER No. 7
C. E. Easterling, B.Sc., AM.LE.E... ... .. ...ttt e 240

NEW CORDLESS P.M.B.X. SWITCHBOARDS—P.M.B.X.s No. 2/3A AND 2/4A
C. H. Halliday, AM.LE.E., and E. J. Lidbetter . . .. .....ouuut et etee e e 244

A CONCENTRATOR FOR A TELEGRAPH TAPE-RELAY NETWORK
Lo AcMeredith. . ..o e 250

THE BRITISH COMPUTER SOCIETY’S THIRD CONFERENCE, CARDIFF, SEPTEMBER, 1962 252
IMPROVEMENTS IN AUTOMATIC ERROR-CORRECTION EQUIPMENT USED ON H.F.RADIO

TELEGRAPH SERVICES—A. C. Croisdale, M.B.E., B.Sc.(Eng.), AM.LEE................... 253
PRESSURIZATION OF TELECOMMUNICATION CABLES, Part 1—Principles of Gas Pressuri-

zation—J. R, Walters, J. F. Keep and J. F. Craggs . ... ..o.ouutunin et eeeeeannnns 260
VOLTAGE INCIDENCE AND DURATION COUNTER. . ...ttt e 264

THE HIGHGATE WOOD ELECTRONIC TELEPHONE EXCHANGE
S. W. Broadhurst, AJMLLE.E. .. .. ... . i 265

SUBSCRIBER-CONTROLLED TRANSFER SERVICE

C. D. Vigar, AM.LE.E.,and J. E. Piesing. . .. ......o.i ittt 275
NOTES AND COMMENT S . . ...ttt ittt e e et e et e e 280
INSTITUTION OF POST OFFICE ELECTRICAL ENGINEERS. . ........cooiiiitiinannnn .. 280
REGIONAL NOTES . . .t e i e ettt et s e e e e et e e 281
ASSOCIATE SECTION NOTES .. .. . it e e e e 283, 291
STAFF CHANGES . . .. et e e e e e e e e e e 285
INDEX TO VOLUME 55 . .. e e e e e e e e e 288
BOOK REVIEW S . .. i ittt et et e e et e et 225, 230, 239, 243, 274

Price 2s. 6d. (Post Paid 3s. 6d.)

Published in April, July, October and January by The Post Office Electrical Engineers’ Journal,
G.P.O., 2-12 Gresham Street, London. E.C.2.

Annual Subscription (post paid): Home and Overseas, 14s. (Canada and U.S.A., 2 dollars 25 cents).



THE POST OFFICE
ELECTRICAL ENGINEERS JOURNAL

Vol. 55 Part 4

JANUARY 1963

A New Detection System for Television and V.H.F.
Radio Receivers

K. G. BURLING, AM.LEE., AMBritIR.E., and J. C. FENNINGT

U.D.C. 621.396.677:621.397.62

Following the introduction of alternative television programs and
the rapid increase in the number of television receivers in use, it
has become increasingly difficult to detect unlicensed receivers with
the existing detector cars. A new system of detection has been
developed that overcomes the present difficulties.

INTRODUCTION

HE introduction of television broadcasting by the

Independent Television Authority (I.T.A.), coupled

with the rapid increase in the number of television
receivers in the British Isles, has made the detection of
unlicensed receivers by the existing television detectors
increasingly difficult. The present system,! which was
evolved before the I.T.A. came into being, relies on
detecting magnetic radiation from the line-deflexion
circuits of the television receiver at the second harmonic
of the line time-base frequency. The line scan frequencies
of the British Broadcasting Corporation (B.B.C.) and
L T.A. transmissions are not accurately synchronized,
although each is nominally locked to the 50 c/s mains
supply, and the second harmonics of these frequencies
may differ instantaneously by several cycles per second.
Thus, if two television receivers, one tuned to the B.B.C.
and the other to the I.T.A., are close together, the signal
received by the detector will be the combined signal from
the two time-bases, and the signal-strength meter will
follow the amplitude of the combined signal, i.e. it will
respond to the beat frequency. This prevents accurate
location of the receivers and is the fundamental obstacle
to improvement of the existing system.

Further difficulties associated with detecting radiation
from the time-base circuits are the low field-strengths
encountered, due to improvements in television-receiver
design, and the high level of electrical interference
occurring at very low frequencies, much of which is
generated by the electrical circuits of the detector car
itself and cannot be adequately suppressed.

To overcome the difficulties described above a new
system of detection has been developed.

tMr. Burling is in the Home Counties Region; at the time this
article was written he was in the Inland Radio Planning and
II;mVlS}l)on Branch, E.-in-C.’s Office. Mr. Fenning is also in this
ranch.

METHODS OF DETECTION

The two most powerful sources of radiation from a
modern television receiver are the line time-base circuits
and the frequency-changing oscillator. Radiation from
the line time-base can be detected owing to the
existence of a low-frequency magnetic-induction field.
The system in current use for detecting this radiation,
although straightforward in design, has the drawbacks
mentioned earlier. The frequency-changing oscillator
supplies the energy for a radio-frequency electromagnetic
wave that can be radiated from the receiver chassis, the
aerial feeder and the aerial.

Detection of radiation due to the frequency-changing
oscillator is more complicated than the detection of
radiation from the line time-base owing to the variety of
frequencies at which radiatien occurs, the poor frequency-
stability of -the frequency-changing oscillator and the
fact that several receivers in close proximity can radiate
signals with very little frequency separation. Techniques
have been developed that take account of these factors,
however, and the new system is based on detecting
radiation caused by the frequency-changing oscillator.
All television and v.h.f. broadcast receivers now made
commercially are superheterodynes and the new system
is therefore fully effective.

Frequency Range of Oscillator Radiations

Television receivers of modern design have a nominal
vision intermediate frequency (i.f.) of 34-65 Mc/s, but
older sets still in service use frequencies around 13-5 and
16 Mc/s.

Nearly all the oscillators of receivers with an if. of
13-5 Mc/s operate at a lower frequency than that of the
signal being received, and nearly all the oscillators of
receivers with a 16 Mc/s i.f. operate at a higher frequency
than that of the signal being received. In modern
receivers having the standard i.f. of 34-65 Mc/s the
oscillator frequency is invariably higher than that of the
signal. V.H.F. sound broadcast receivers employ a
10-7 Mc/s i.f., and the oscillator frequency may be above
or below that of the signal being received. At least two
television channels may be received in a given area on
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most receivers having either 16 or 34-65 Mc/s 1.f.s, and
in fringe areas a particular program may be received on
two or more channels. Oscillator radiations from
television and v.h.f. sound receivers therefore cover a
wide frequency spectrum, the range being approximately
29-240 Mc/s.

Receivers tuned to the same signal and having the
same nominal i.f. do not radiate at precisely the same
frequency. The frequency difference between adjacent
receivers may vary from a few kilocycles to several
megacycles, depending on the tuning adjustment of the
receiver. Owing to oscillator temperature-drift and
manual operation of the receiver tuning, the frequency
of radiation is not constant, and generally a slow drift
can be observed. The electrical coupling between the
oscillator and aerial circuits in a receiver is small, and
oscillator radiation is mainly caused by chassis currents
in the turret tuner and receiver, the short electrical paths
favouring the radiation of harmonics of oscillators
operating on the lower frequencies. By detecting these
harmonics, the frequency coverage needed in a detection
system may be reduced considerably.

Field Strengths of Oscillator Radiations

The signal that has to be detected is an unwanted
radiation from the receiver, and the radio industry is
being urged to reduce such radiation in order to minimize
interference. The radiation limits specified by the
British Standards Institution® at a distance of 3 metres are
equivalent to field strengths at a minimum practical detec-
tion distance (10 metres) of approximately 20 xV/m in the
bands used for television and v.h.f. sound broadcasting
and 50 uV/m outside these bands. The figures specified
by the British Standards Institution set a limit to the
maximum field strength that may occur in any direction
on an open test site. The radiation from a receiver that
complies with these recommendations may be consider-
ably lower than this in some directions and be further
attenuated by the screening effect of a building.

Aerial Performance Requirements

As well as covering a wide frequency band, oscillator
radiations are of random polarization. Most direction-
finding aerials respond only to signals polarized in a
single plane. Two difficulties arise when an aerial that
responds to polarization in a single plane is used to
locate the sources of signals of random polarization:

(@) Since the aerial tends to reject signals polarized at
right angles to its plane of maximum response, its
sensitivity is low to such signals. Experiments have shown
that this reduction in sensitivity, which is very large in
free space, may still be as great as 26-30 db when
reflections are present. Under these conditions, secondary
signal pick-up becomes important. Any metallic compo-
nents of the aerial structure having appreciable dimen-
sions in the plane of polarization of the direct or reflected
signal may re-radiate to the aerial elements and cause
bearing errors.

(b) Signals usually suffer some rotation of the plane of
polarization on reflection, and a linearly polarized aerial
may be more sensitive to a wave that has been rotated
in this way than to the direct radiation. Thus, the
reflected signal may appear to be stronger than that
which arrives by the direct path, and a bearing error may
result.

These difficulties may be avoided by the use of an
aerial that responds to signals of random polarization.
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The ideal aerial would be circularly polarized, but
negligible errors result from the use of an elliptically
polarized aerial with a small axial ratio. Many aerials of
this type exist, but to be effective in the required applica-
tion the aerial must also have a wide frequency band,
good directivity and gain, small size, and freedom from
beam splitting and tilting (i.e. the electrical and mechani-
cal axes of the aerial must bear a constant relationship
to each other when the frequency and plane of polariza-
tion are varied). Such a specification leaves a very
limited choice in the type of aerial that can be used for
the detection system being described.

PRINCIPLE OF OPERATION OF NEW EQUIPMENT

The new equipment consists of a steerable v.h.f.
broadband, elliptically-polarized, direction-finding aerial
mounted on the roof of an estate car and feeding a
sensitive and highly-stable panoramic receiver. Location
of unlicensed receivers is achieved by taking bearings
from different positions. Thus the room in the house
in which the receiver is operating may be determined
readily. This differs basically from the existing system,
which can normally give only one bearing because
the loop aerials used are not steerable. This has not
been a serious handicap owing to the low sensitivity
of the system, but signals may often be detected at
several hundred yards range with the new system and a
steerable aerial is therefore essential.

In order to make maximum use of the directional
properties of the aerial, a combined periscope and optical
projector are mounted on the roof of the car and
mechanically coupled to the rotating aerial.

The new system operates over a frequency range of
110-250 Mc/s. By detecting harmonics of radiations
from receivers tuned to bands I and II and the funda-
mental radiations from receivers tuned to band III,
receivers tuned to any of the v.h.f. channels used for
television and f.m. sound broadcasting can be located.

DESCRIPTION OF NEW EQUIPMENT
Aerial

A number of types of aerial were investigated using
scale-model techniques at u.h.f. The aerial finally
adopted consists of a tilted dipole in a corner reflector
(Fig. 1). End screens have been fitted to the reflector to
eliminate beam tilt resulting from the presence of the
vehicle roof. An optimum angle of tilt for the dipole was
determined that gave elliptical polarization over a 24:1
frequency range without serious degradation of directivity
and gain. A useful frequency range from 110 Mc/s to
over 250 Mc/s has been achieved, the lower frequency
limit being set by the maximum permissible dimensions
of the aerial. The gain of the aerial varies with frequency
and plane of polarization, but it is approximately equal
to that of a resonant dipole. The half-power beam width
varies between 45° and 60° over most of the frequency
range, but it increases to 90° at the lower end. The ratio
of amplitudes of the main response to all other responses
(front-to-back ratio) is generally greater than 20 db, but
it falls at lower frequencies when the plane of polarization
of the signal lies within certain narrow angles.

With a good signal, a bearing accuracy of about 5°
may normally be achieved and, even when the signal-to-
noise ratio is poor, the mean of several bearings will
usually give this order of accuracy. Thus, location is
normally within about 3% ft laterally at a detection
distance of 40 ft.






sufficiently high to provide a low-impedance path at the
frequencies employed.

The upper half of the coupling, which is carried by the
mast tube, has a balance-to-unbalance transformer
attached to it, and a screened balanced-twin feeder
connects the transformer to the dipole. The degree of
balance is sufficient to reject signals induced in the section
of feeder passing up the fibre-glass tube. A rubber piston-
ring round the upper half of the coupling prevents moisture
that has condensed in the mast entering the coupling,
and a drain hole is provided in the mast. Glass-loaded
polytetrafluorethylene sliding joints are employed to
retain the mercury in the coupling, this material being
chosen because of its low friction, low rate of wear and
its chemical inertness.

A 12 in. diameter steering wheel is mounted on the
mast tube at a convenient height for the operator to
rotate the aerial with his right hand. When the car is in
motion the aerial rotates initially to the position of least
wind resistance. The wind pressure then causes progres-
sive stiffening of the upper mast bearing, so that at
speeds in excess of 30 mile/h it needs some force to
rotate the aerial. The vehicle is, therefore, stable at
speed and no clamp is provided for the aerial.

The size of the aerial has been restricted so that the
overall height of the vehicle (9 ft 9 in.) is less than that of
commercial vehicles normally using tree-lined residential
streets. In plan, the aerial at all angles of rotation
remains within the outline of the vehicle.

Panoramic Receiver

In order to resolve the radiated signals, which may have
a small frequency separation, a narrow i.f. bandwidth is
necessary. The frequency stability of such signals is
poor, and to avoid laborious searching with a narrow-
band receiver, panoramic presentation is employed. The
receiver is a triple superheterodyne employing i.f.s of
35 Mc/s, 30 Mc/s and 450 kc/s and having an overall
bandwidth of 7 kc/s. Fig. 3is a block schematic diagram
of the receiver. The input stage is a modified 14-position
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g =
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television turret-tuner employing a low-noise cascode
amplifier, frequency-changer and stable oscillator. A
high-pass filter is employed in the aerial circuit to prevent
i.f. break-through. The tuner, which has continuous
frequency coverage from 110 to 250 Mc/s, is followed by a
broadband i.f. amplifier having a centre frequency of
35 Mc/s and an overall bandwidth of 8 Mc/s. A buffer
stage separates the 35 Mc/s amplifier from the sweep
oscillator.

The frequency sweep is achieved by varying the current
in an inductor magnetically-coupled to the frequency-
determining inductor in the oscillator circuit. This varies
the reluctance of the ferrite core and alters the value of
the tuning inductance. By this means a constant-
percentage frequency sweep is obtained when the centre
frequency is varied over a 10 Mc/s range. The amplifier
that supplies the biasing current is coupled to the hori-
zontal time-base of the cathode-ray tube (c.r.t.). The
drive may be varied so that the frequency sweep may be
reduced from a maximum of 8 Mc/s to zero. This
enables the operator to select one signal from a number
on the screen and expand it as required, filling the screen
if necessary. By reducing the sweep to zero the operator
may listen to the signal on headphones. Since the overall
bandwidth of the receiver is 7 kc/s and the highest input
frequency is 250 Mc/s, an extremely low residual
frequency-modulation is necessary when zero sweep is
required, and the h.t. and heater supplies to the f.m.
drive amplifier are derived from an extremely stable
source,

The succeeding stages in the receiver are conventional,
but extensive filtering and screening have been employed
throughout the receiver to ensure the complete absence
of internally-generated spurious signals and spurious
responses to external signals of the field strengths
normally encountered, over the entire sound broadcast
and v.h.f. range.

The detected signals are displayed on a 5in. c.r.t.
employing 3 kVeh.tt The minimum input signal
visible above the receiver noise is about 10 db below
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FIG. 3—BLOCK SCHEMATIC DIAGRAM OF PANORAMIC RECEIVER
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in the internal mirror. Wing mirrors are provided, the CONCLUSION

nearside mirror being adjusted to show the clearance
between the aerial and roadside trees when the car is
tilted by a steep road camber.

A 3-phase, self-excited a.c. shunt generator, belt-driven
by the engine and operating at a maximum speed of
11,000 rev/min, supplies a maximum output of 800 watts.
The current in the rotating field-winding of the generator
is controlled by a transistor-amplified vibrator-type
regulator, and the stator output is rectified by bridge-
connected silicon-junction diodes and used to charge the
vehicle batteries. The two series-connected 6-volt
batteries of 110 ampere-hours capacity are enclosed
behind the rear seat in sealed cases vented on the underside
of the car. The detection equipment is normally operated
with the vehicle stationary and the engine idling. Under
these conditions the output of the generator is sufficient
to balance the electrical load.

A fully-screened and suppressed ignition system is
fitted to the vehicle, and radio-interference suppressors
have been fitted to the windscreen wipers, petrol pump,
heater booster and clock.

The standard fresh-air, heating and ventilating unit of
2-75 kW capacity utilizes waste engine heat.

The equipment was designed by the Post Office
Engineering Department and to speed the replacement of
the previous system, all the panoramic receivers were
produced by the Department. To reduce lost time due to
maintenance, the individual units of the equipment are
designed to be removed with a minimum of dismantling
and exchanged with spare units.

It is expected that the new detection equipment will
avoid the difficulties experienced with the existing system
and provide more accurate location of receivers,
particularly” in densely-populated areas. The greater
sensitivity of the new equipment should also be useful
in sparsely-populated areas, where a close approach
to a house may cause an unlicensed receiver to be switched
off before it is located.

References

1BrAY, W. J. The Detection of Television Receivers. P.O.E.E.J.,
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Book Review

“Solutions of Problems in Electrical Measurements™. A. C.
Shotton, B.Sc., A.M.ILE.E., A.M.Brit.I.R.E. Sir Isaac
Pitman & Sons, Ltd. ix + 141 pp. 94 ill. 15s.

This book has been written to assist students of elementary
electrical measurements. It provides detailed solutions to
selected problems from past papers of various examining
authorities, including The Institution of Electrical Engineers
and The City and Guilds of London Institute. The problems
are classified under six chapter headings covering units and

dimensions, circuit theorems, bridges and potentiometers,
permanent-magnet calculations, instruments, and electronic
measurements. Following the solutions given in each chapter
there are graded exercises together with their numerical
answers.

The standard aimed at by the author is that of the second
year of an electrical engineering degree course, with addi-
tional material included to meet the requirements of the
Higher National Certificate syllabus for electrical measure-
ments.
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alarms. The generator is set to supply 230 volts at
50 c¢/s; there is a manual regulator to control this volt-
age, and if need be the frequency can be adjusted or set
to another value, e.g. 60 c/s, on the machine. A standard
electric running-hour meter is connected to the 230-volt
output to record the total number of hours run by the
petrol generator. The 230-volt supply is taken via a
change-over switch to a distribution fuse box and from
there fed to the electronic equipment, fluorescent lighting
and, exceptionally, a heater for the coach. The load is
maintained at a prescribed figure by the connexion of
artificial loads according to the actual load at the time.

It should be noted that the potential output of 3-75

kW from the generator set allows a considerable margin
for any additional demand that might arise in the fu ure:
a contributory factor to having the large reserve power
was that there was no model available between 1-5 kW
and 3-75 kW. A putlic supply of 230 volts a.c. may be
used instead of the generator. The 24-volt battery is
also used to heat the crystal oven in the frequency-
measuring set and provision is made for refresher
charging of this battery when a mains supply is used.
The 12-volt battery for the vehicle itself is used to supply
power when necessary for equipment, such as mobile-
radio sets, which may be brought into service for
special tests.

Book Reviews

“Miniature and Microminiature Electronics.” G. W. A.
Dummer, M.BE., MIEE. SenMem.I.R.E., and
V. W. Granville, B.Sc., Ph.D. Sir Isaac Pitman &
Sons, Ltd. ix + 310 pp. 218 ill. 45s.

This book by Mr. Dummer and Dr. Granville, beth of
the Royal Radar Establishment, is the first to be written
specifically on miniature constructions for electronic cir-
cuits. The last three chapters (out of eight) comprise an
introduction to the better-known forms of microminiaturiz-
ation of circuits.

Chapters 1 and 2 deal with the construction and proper-
ties of about 50 different kinds of transistors, diodes.
thyristors, photo diodes, field-effect transistors, etc. Chapter
3 describes types of individual miniature and subminiature
components for use in transistor circuits, and includes
tables of specific types and values with manufacturers’
names. Chapter 4 covers printed wiring and potted circuit
techniques. Chapter 5 discusses miniaturization of elec-
tronic equipment in a general way. Chapters 6, 7 and 8
deal with microcircuits (2-dimensional techniques), micro-
modules made by stacking individual components each in
the form of a thin ceramic wafer (about 0.3 in’ and 0.01
in. thick) and solid circuits (molecular electronics) respec-
tively.

The book is well written and contains a surprisingly
large amount of information packed into its 300 pages.
considering the range of topics covered. It is an excellent
introduction to miniaturization and microminiaturization
of electronic equipments. A.AN.

“Electronic Equipment Reliability.” G. W. A. Dummer,
MB.E., MIEE., SenMem.I.RE. and N. Griffin,
AMBritI.R.E. Sir Isaac Pitman & Sons Ltd. xi +
274 pp. 86 ill. 45s.

The results of Mr. Dummer’s energy and hard work in
the components field are well known in the form of his
numerous books and publications. Mr. Griffin, also of
the Royal Radar Establishment, has now joined him in
a book on the reliability of electronic equipment.

To quote the authors, “In the military sphere of activity
reliability of electronic equipment is fast becoming a major
problem, and is meriting a high order of priority.” Com-
puters and automation of flight control of aircraft are also
referred to, but there is little reference to telecommunica-
tion equipment where very high reliability coupled with
very long life is required under much milder conditions
than that of military equipment, particularly with regard
to mechanical shock and vibration. Apart from this limit-
ation the book contains a vast amount of valuable infor-
mation. Two chapters deal with failure rates and faults
in equipments and components. The next two cover the
effect of environmental conditions and constructional tech-
niques respectively on reliability. Circuit reliability and
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preferred circuits occupy a chapter. The remaining chapters
deal with “Testing for Reliability,” “Designing for Maxi-
mum Reliability.” “Human Engineering,” “Reliability
Prediction and Calculation.” and “Reliability in the Future.”
Much of the information on design and calculation is
applicable to telecommunication circumstances.

There are a few typographical errors, e.g. on page 226 in
Table 10.3 the number 105 occurs twice where it should
really be 10°, and in the table on page 256 the speed of
operation of magnetic metal film should be 10 us. A

A.AN.

“Progress in Semiconductors—6.”” General Editor A. F.
Gibson, B.Sc., Ph.D. Heywood & Co., Ltd. x 4+ 334
pp. 162 ill. 65s.

This is the sixth of an annual series devoted primarily to
the physics of semiconductor materials. Part of the great
activity in this field since the birth of the transistor has been
stimulated by the interaction between the physicist, the
chemist, the semiconductor-device designer and the device
technologist, and occasional papers on the physics of
specific devices have accordingly been included in the
series. In the present volume the 50-page paper (by
Jonscher) covering the physics of six types of semiconductor
switching devices will be of special interest to readers of this
Journal. The paper on plastic deformation in semi-
conductors (by Pearson and Vogel) likewise deals with
experimental phenomena that can be described in terms of
a now quite detailed model and theory.

“Tellurium” (by Blakemore, Long. Nomura and
Nussbaum) is a comprehensive review of the structural,
mechanical, optical and semiconducting properties of the
element in the solid form, but it is evident that, though
much progress is reported in the paper, several basic
properties, such as the band structure and the recombination
mechanisms, have yet to be adequately described. Adams
and Keyes discuss theoretically the effects of very strong
magnetic fields on the resistivity and Hall effect of solids,
and review the available experimental evidence for semi-
conductors and metals in the light of the theory. Van
Wieringen examines the details of the information obtain-
able about the electronic and atomic structures of semi-
conductors by means of nuclear magnetic resonance,
electron paramagnetic resonance and electron, or hole-
cyclotron, resonance experiments.

Nikitine’s two papers review the theory and the experi-
mental data for excitons (discrete mobile states of electronic
excitation) in semiconductors and ionic compounds, with
particularly detailed commentaries on recent results
obtained by various workers.

The writing in all the papers is lucid and the diagrams
and plates are pertinent and, in general, clear (though some
of the latter are a little dated). Apart from the first two
papers noted above, the volume will appeal mainly to
specialists in the narrower fields,

F.F.R.



Equipment for the Measurement of Some Characteristics of the
Noise in Telephony and Television Channels
D. TURNER, B.Sc.(Eng.), AM.LEE.T

U.D.C. 621.317.7:621.391.822

Recommendations have been made by the C.C.LT.T. and
C.C.LR. for the measurement of some characteristics of
the noise in telephony and television channels routed over
s.h.f., radio-relay links. Since the purpose is to obtain infor-
mation on the effect of varying propagation conditions on the
incidence of noise as defined, the measurements are required
to cover all seasons of the year, and automatic recording is
necessary. The characteristics to be measured and the portable
equipment designed to make these measurements are briefly
discussed.

INTRODUCTION

HE C.CILT.T.* and C.C.L.R.1 have each invited

administrations to carry out a program of measure-

ments on s.h.f. radio-relay links to determine the
amount of noise power present in the transmission chan-
nels and its variation with time due to changes in the
propagation path. From this information an estimate
can be made of the impairment likely to be suftered by
the various forms of transmission using the link, and
this, in turn, leads to formulation of the design objectives
for the transmission system. The forms of transmission
here are, of course, telephone speech and signalling, tele-
graphy and television. To cover all seasonal variations
of the propagation path the period of measurement
should last in effect for one year.

Characteristics of noise arising in a radio link may be
expressed in a variety of ways, However, some para-
meter of the noise can usually be chosen that has parti-
cular significance in relation to the form of transmission
being considered. The C.CILT.T. and C.CLR. have
a_cordingly recommended the use of the three integrat-
ing times, 1 minute, 1 second and 5 milliseconds, in the
equipment to be used for noise measurements. The
ar uinative approach of using a single integrating time
from which statistics could be deduced in terms of these
durations would involve making measurements at such
frecven intervals that data analysis would become im-
practicable.

For telephone speech the period of interest is the
duration of a telephone call, and this is taken to be
about 3 minutes. However, at the time, this was con-
sidered to be an inconveniently long period for measure-
ment, and an integrating time of 1 minute for the equip-
ment was finally recommended. These measurements
of noise nower were to be carried out, unweighted, in a
31 ke/s band, and recorded minute by minute.

For television transmission the recommended integrat-
ing time for measurement was 1 second, this being con-
si- ered to be a significant interval in relation to the
visual perception of the effect of noise on a television
picture. Here, it was required to determine the length
of time for which each of two noise powers was ex-
ceeded.

Finally, it was recommended that telephone signalling
and telegraphy should be considered together, and
measurements made of two critical values of noise

tPost Office Research Station,

*International Telegraph and Telephone Consultative Com-
mittee.

tInternational Radio Consultative Committee,

power using an integrating time of 5 milliseconds. The
period, 5 milliseconds, was here regarded to be signifi-
cant in relation to a telegraph signal element of 20 milli-
seconds duration and at the same time it would enable
an assessment to be made of impairment to telephone
signalling. In this instance a record was required of
toth the number of times and the length of time for
which each of two noise powers was exceeded hour by
hour. It has proved convenient, however, for the reasons
given in a later section, to record at the shorter interval
of 10 minutes,

The equipment to be described has been designed in
accordance with these recommendations and provides
facilities for recording:

(a) on a telephone channel

(i) the mean power of the noise during each suc-
cessive minute,

(i) the number of times, in each successive
period of 10 minutes, that the noise power, measured
with an integrating time of 5 milliseconds and referred
to a point of zero relative level, exceeds 10°pW and
10¢pW, and

(iif) the aggregate time during each period of 10
minutes for which the above values of noise power are
exceeded,
or (b) on a 405-line television channel

(7) the number of times, in each successive period
of 10 minutes, that the r.m.s. amplitude of the noise
within the range of 10kc/s-3 Mc/s rises above the
values corresponding to signal-to-noise ratios, as defined
by the CM.T.T..,§ of 50db, the noise being measured
with the appropriate band-defining filters and weighting
network, and with a time-constant of 1 second, and

(i) the ageregate time, during each period of 10
minutes, for which the above amplitudes are exceeded.

From information available it appeared unlikely that
noise surges of appreciable duration would occur (as
measured with a meter having a time-constant of a few
seconds) that rose to much more than 20 db above the
non-fading level, but it was desirable for the equipment
to have the greatest possible dynamic range. A range
of about 30 db has in fact been achieved.

A data-printing-control unit feeding a teleprinter or
a tape reperforator has been provided to present the
results.

DESCRIPTION OF THE EQUIPMENT
A block schematic diagram of the equipment is shown
in Fig. 1. For brevity, the parts of the equipment con-
cerned with integrating times of 1 minute, | second and
5 milliseconds are referred to as the 1-minute, 1-second
and 5-millisecond channels, respectively.

One-Minute Channel

The value of the noise power, varying with time, is
averaged over successive periods of 1 minute by means
of a square-law circuit and an integrating motor whose

§Joint C.C.ILR./C.C.I.T.T. committee.
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shaft angular-displacement is recorded by a counter and
printing-control unit.

The square-law circuit is preceded by a 3-stage tran-
sistor amplifier with about 30 db emitter—emitter feed-
back and an output collector load consisting of a full-
wave rectifier circuit ; this ensures an adequate unipolar
voltage to drive the unbalanced square-law circuit.
Provision is made for gain adjustment of the amplifier
by the inclusion of a 600-ohm balanced attenuator in
the amplifier input.

The square-law circuit is required:

(@) to produce an output voltage proportional to the
square of the input noise voltage,

(b) to have an input dynamic range of 30-40 db,

(¢) to produce a maximum output voltage of 30-40
volts in 5,000 ohms,

(d) to be physically unaffected by overloading, and

(e) to be stable with temperature and power-supply
variations.

A circuit fulfilling these requirements has been developed
using silicon-junction diodes and a single thermionic
valve.

The integrating motor is a permanent-magnet d.c.
motor of low inertia, in which friction, iron losses and
brush-contact voltage-drop are small, so that the shaft
angular-velocity is proportional to the applied voltage.
However, since the apparent resistance at the integrat-
ing-motor terminals varies with terminal voltage, a zero-
impedance driving source is required to realize a wide
linear range. The high-voltage output of the square-law
circuit made it practicable to use a thermionic-valve d.c.
amplifier to drive the integrating motor without undue
difficulty from zero drift. Moreover, it was found
possible, by the introduction of a bias voltage at the
input to the integrating motor, to compensate for the
error arising at low inputs, both from the inertia of the
motor (even with a zero-impedance source) and from
the low but finite impedance of the source. As shown
in Fig. 2, the final arrangement comprises a differential
d.c. amplifier with the integrating motor connected in
the cathode circuit; this provides a ready means of
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applying the bias voltage and reduces the effect of drift
in the valves,

INPUT FROM
SQUARE- LAW 00i
CIRCUIT INTEGRATING
MOTOR
18K 18K
° ' I =
—0
-100Vv
FIG. 2—INTEGRATING-MOTOR DRIVE CIRCUIT

To reduce the loading of the motor shaft to a mini-
mum and thereby extend further the linear range, the
mechanical register supplied with the motor was
removed and an optical system sensing the shaft rotation
was provided. The shaft has been fitted with a cylinder
having alternate quarters of its periphery black and
white. The cylinder surface is illuminated by a 6-4-volt
lamp and lens system. Reflected light illuminates two
photo-transistors in anti-phase, and these are followed
by a bi-stable trigger circuit that gives a rectangular
pulsed output whose amplitude is independent of the
shaft angular-velocity. The balanced input makes the
circuit substantially independent of changes in tempera-
ture, supply voltage and ambient l'ghting conditions.

A curve showing the relationship between the input
to the audio amplifier and the output from the shaft
transducer circuit, in terms of shaft revolutions per
minute, is shown in Fig. 3.

To enable adjustments of the square-law circuit and
motor bias to be made, a 1 kc/s test oscillator, with a
fixed output of —45 dbm in 600 ohms, and a centre-zero
ammeter have been incorporated.

Five-Millisecond Channel

The noise levels to be measured here, after integra-
tion, are 30-40 db higher than those existing for most
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of 10db has been fixed between a level at the input to
the channel corresponding to — 30 dbm0* and a point
at which non-linearity becomes apparent on the curve
relating the input to the 5-millisecond channel and the
output from the square-law circuit.

A network that produces an output voltage propor-
tional to the input voltage integrated over the preceding
5 milliseconds is shown in Fig. 4 (¢). The circuit may
be realized in parallel or series form, but the latter,
proving for this application easier to make and adjust,
has been adopted. The response of the network to a
rectangular pulse of 50 microseconds duration is given
in Fig. 4 ().

The d.c. amplifier follows conventional practice. Two
level-discriminators are driven from a common cathode-
coupled double-triode amplifier. Each discriminator
consists of two pentodes connected as a Schmitt trigger. T
The trigger circuits are adjusted so that one responds
to an input signal equal to or exceeding a level corre-
sponding to —40 dbmO0 and the other responds similarly
to — 30 dbm0. Two outputs are provided from each
trigger. One, a rectangular pulse, opens a gate in the
counter and printing-control unit to a 10kc/s clock-

*dbmO—decibels relative to 1mW when measured at, or
referred to. a point of zero relative level (usually the 2-wire
point of the circuit).

_tSchmitt trigger—an asymmetrical bi-stable circuit that has a
trigger action in one direction when the input exceeds a refer-
ence level and in the opposite direction when the input level
returns to the reference level.

FREQUENCY kc/s
(¢) Amplitude/Frequency Response of Network
FIG. 4—FIVE-MILLISECOND INTEGRATING NETWORK

pulse supply for the duration of the noise surge. The
other, derived by, differentiating the rectangular pulse,
provides a pulse each time the input signal passes
through the critical level. The circuit of the Dekatron
counter to which this output is connected is arranged to
respond only to those pulses corresponding to positive-
going passes of the input signal through the critical level.
It has been necessary to consider the question of
“backlash” in the discriminators, i.e. the difference be-
tween the levels at which these operate and reset. If
there were zero backlash, noise fluctuating, however
slightly, about the critical level would result in repeated
operations each contributing to the count. This state of
affairs, while in accordance with the letter of the
C.C.I'T.T. recommendations, is assumed not to repre-
sent their intention, which is presumably to record the
number of discrete noise surges. For this reason, it
seems desirable to have backlash of a few decibels.
Moreover, although the noise under observation will
usually have the nature of white noise with a varying
envelope, quasi-sinusoidal noise may sometimes be en-
countered. In this event, the output of the square-law
circuit will comprise a d.c. component and a sinusoidal
component, and at the critical level the latter will cause
repeated operation of the discriminator. Fig 4 (¢) shows
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the loss/frequency characteristic of the integrating net-
work, which has minima at odd multiples of 100 c/s,
decreasing with decrease of frequency. Bearing in mind
that the channels on which the noise-measuring appara-
tus will be used will have a low-frequency cut-off, the
effect under discussion is most likely to be evident with
sinusoidal noise at 250 ¢/s, producing a sinusoidal com-
ponent at 500 c/s at the output of the square-law circuit.
It can be shown that at this frequency a backlash of 2 db
is required to prevent repeated operation on sinusoidal
noise at the critical level.

Having regard to both the above considerations, a
backlash of 2 db has been adopted.

A test oscillator associated with the 5-millisecond
equipment provides an output at 1 kc/s, modulated at
50 c¢/s, for connexion to the input of the 5-millisecond
channel at either of two levels corresponding to
— 40 dbmO0 or — 30 dbmo0.

After passing through the square-law and integrating
circuits the appropriate unidirectional signal, varying in
amplitude by a predetermined amount at 50c/s, is
fed to either discriminator. With this variation in
amplitude made just greater than the “‘backlash’ of the
discriminator, the discriminator operates at 50 c/s,
enabling the correct operation of the counter to be
checked.

One-Second Channel

Snce the counter and printing-control unit cannot be
used simultaneously for measurements on both tele-
phony and television channels, only a single pair of
level-discriminators would strictly be necessary. How-
ever, the equipment for the I-second channel was
designed after the construction of the equipment des-
cribed in the earlier sections had been substantially com-
pleted. It was then convenient to make the 1-second
channel self-contained, and additional discriminators
have therefore been provided. The opportunity was
taken at the same time to develop discriminators using
transistors.

Designs for a low-pass filter and a weighting network
suitable for measurements on a 405-line system have
been recommended by the C.M.T.T. Filter and weighting
networks to these designs are incorporated. In addition,
the C.M.T.T. recommend a low-frequency cut-off at
10 kc/s to suppress hum and microphonic noise, and a
high-pass filter with a suitable performance has been
included.
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FIG. 5—ONE-SECOND-CHANNEL AMPLIFIER
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The amplifier circuit is shown in Fig. 5. The first
section has two transistor stages with emitter—base loop
feedback. The voltage gain of this section is reduced
23 db by the loop feedback. The output section has a
single transistor, base-fed from the high-impedance out-
put of the first section and with collector-base feedback
reducing the voltage gain by 20 db. The amplitude/
frequency response of the amplifier is sensibly flat from
10 kc/s—-4 Mc/s. Overload, defined as the point at which
the gain has fallen 1 db, occurs with an input signal of
—20 dbm.

It was not found possible, over the bandwidth of this
channel (10 kc/s-3 Mc/s), to obtain the square-law
relationship required between the noise power and the
voltage to be integrated using circuits based on the same
principles as described for the 1-minute and 5-millisecond
channels. For this channel use has been made of the
input-power /output-voltage relationship of a thermo-
couple; at the same time, by a suitable choice of
couple, the required time-constant of 1 second has
been incorporated. Since the relatively low-voltage out-
put from a thermocouple restricts the amount of drift
that can be tolerated in the following d.c. amplifier, the
output voltage has been increased by using four thermo-
couples in the collector load of the amplifier output
stage. Any advantage to be gained by increasing the
number of thermocouples further was balanced against
the need to maintain the gain/frequency response
of the amplifier. To protect the thermocouples from
accidental overload, their heaters are connected in series,
while the overload point of the amplifier has been
arranged to restrict the maximum output current into
the heaters to the permitted 50 mA, r.m.s.

The amount of drift that can be tolerated from the d.c.
amplifier is dependent on the voltage output from the
thermocouples corresponding to the lower of the two
noise levels of interest, and the accuracy with which this
noise level needs to be determined. The output voltages
from the thermocouples corresponding to these noise
levels are 2 mV and 126 mV, after allowing a margin
between the overload point of the amplifier and the
higher voltage. The amount of drift that can be tolerated
in the d.c. amplifier is therefore determined by the low-
level input of 2 mV and the accuracy required at the
discriminating level. If this is fixed at 0’5 db, then the
drift should not exceed 10 per cent, i.e. 200p.V.

A diagram of the d.c. amplifier is given in Fig. 6. The
amplifier consists of two long-tailed pairs in cascade.
Common-mode drift is largely corrected by a loop-feed-
back connexion from the common-emitter resistor of
the output pair to the base connexions of the input
pair ; this however, leaves the differential drift un-
affected. Each transistor of the output pair has local
feedback which, by reducing the difference between the
base—emitter voltage/collector-current characteristic of
the pairs of transistors, contributes to a reduction in
differential drift and, in addition, stabilizes the signal
gain. However, it has proved necessary to introduce
temperature control of the transistors in the d.c. ampli-
fier to bring the drift within the limits given. This has
been done by enclosing the transistors of the d.c. ampli-
fier in an aluminium cylinder together with a tempera-
ture-sensing transistor that drives the control circuit.

The control circuit consists of a transistor d.c. ampli-
fier, the collector load of the output stage of which is
formed by a heating element surrounding the aluminium
cylinder. The oven temperature is controlled to about
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50°C, and for changes from ambient temperatures up
to 50°C the voltage drift referred to the input is not
greater than 200 microvolts. The voltage gain of the
d.c. amplifier in the signal path is 500 times from the
input to the low-level open-circuited output.

Two discriminators are provided and are adjusted to
respond to two noise levels differing by 8 db. A diagram
of the high-level discriminator is given in Fig. 7. The

~——ODURATION

o ' + ’ O
%300 ’
7

5K O-0lSm S2K 12K
<

o—@ 1K oo

222K 2K 22K

AAAA—

0
-20V
FIG. 7—HIGH-LEVEL DISCRIMINATOR FOR 1-SECOND CHANNEL

first two stages of each discriminator form a bi-stable
trigger circuit, and a pulse lasting for the duration of
the surge of noise power in excess of the critical level
appears at the collector of the second stage, giving an
output to hold open the appropriate gate in the counter.
The third stage, a pulse inverter, is coupled by a differen-
tiating circuit to an amplifying final stage giving an out-
put to the counter for the count of the number of
occurrences of noise above the critical level. The differ-
ence in operating levels for the two discriminators is such
that in order to operate the transistors of each in their
optimum condition the two inputs are fed with signal
changes of opposite sense from the preceding d.c. ampli-
fier. As a result the high-level and low-level input stages
have n—p—n and p-n-p transistors, respectively.

Counter and Printing-Control Unit

A block schematic diagram illustrating the functioning
of the counter and printing-control unit is given in Fig.
8. Since the basic circuits used. i.e. the circuits of gates,

triggers, distributors and the like, are well known in
electronic switching, no descriptions of these are given.
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The unit has the following functions:

(a) It accepts a pulsed output from the shaft trans-
ducer circuit, counts the number of pulses occurring in
each minute and prints this number, which is propor-
tional to the 1-minute mean value of the noise power
minute intervals on a Teleprinter 7B.

(b) Over successive periods of 10 minutes it accepts
the output from a level-discriminator that is set up to
operate when a noise level corresponding to one of two
critical values is exceeded, and

(i) counts the number of pulses corresponding to
the number of times the set level ds exceeded,

(i) measures the duration of each pulse, adds
these durations, and

(#ii) récords the answers from (f) and (i) at 10-
minute intervals on a Teleprinter No. 7B.

(c¢) As for (b), but for a noise level corresponding to
the other critical value.

The measurement of duration is converted to a count-
ing process by causing the operation of each discrimina-
tor to “‘gate” a 10 ke/s pulse train feeding a counter.

The two channels provided for the purposes given in
(b) and (c) above are identical and are referred to as
Channel 1 and Channel 2. When used as part of the
complete noise-measuring equipment Channel 1 and
Channel 2 record information for the lower and higher
levels, respectively.

The counter and printing-control unit és normally in-
tended to carry out all of the functions enumerated in
(a), (b) and (c). However, by operation of a switch,
choice is given of (a) only, i.e. printing at 1-minute inter-
vals the numbers proportional to the 1-minute mean
noise power, or of (b) and (c), i.e. printing at 10-minute
intervals the numbers relating to duration and count.
In this last instance the 1-minute number is also printed,
but this may be disregarded. The unit thus requires
five arrays of Dekatrons to carry out the required count-
ing functions. The number of Dekatrons in each array
is determined by the expected maximum count.

For the 1-minute mean noise-power measurements,
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The Group Reference-Pilot Signal
R. W. NAULLS}

U.D.C. 621.317.341:621.395.44

The group reference-pilot signal is provided as an aid to

maintaining 12-channel groups in the h.f. network. By its use,

a uniformly high grade of service can be maintained without

taking channels out of use for l;he purpose of applying test
signals.

INTRODUCTION

INKS in the high-frequency carrier and coaxial net-
Lwork used for trunk circuits are subject to small

changes in transmission level due to a variety of
causes. Level variations can be caused by changes of
power-supply voltage or carrier-frequency level and by
necessary adjustments made to the link by maintenance
staff. The adjustments that particularly affect the link
are those to amplifiers and to equalizers. 1t is usual,
except on very short links, for the line equipment to be
fitted with adjustable equalizers to compensate for
changes in transmission loss caused by changes in cable
temperature. Although on modern line systems this
adjustment is done automatically and is continuously
variable, the majority of the line systems in the Post
Office high-frequency network have temperature equal-
izers that are adjusted as required. On these systems,
since the equalization is altered in discrete steps, the
level of received signal is likely to change suddenly by,
say, 0-5db each time the equalization is changed. Such
changes are not serious taken alone, but for long-distance
carrier groups, which may be routed over several line
links in tandem, the cumulative effect of the small
changes is to cause the transmission level to vary by
several decibels without there being a fault condition
present.

The purpose of the group reference-pilot signal
is twofold. Firstly, it provides a maintenance aid by
means of which the transmission loss of a group may
be kept within close limits. The pilot signal is applied
to the 12-channel group at its formation, ie. on
the channel translating equipment, and is then treated
as an integral part of the group until final demodulation
into 12 audio-frequency channels. The pilot signal
is thus peculiar to the 12-channel group and is inde-
pendent of the line systems over which the group may
pass. Measurement of the level of the pilot signal
on the group distribution frame at the receiving end of
the group will enable the transmission loss at the pilot
frequency to be readjusted manually to within 0'5 db of
the original setting-up figure without the necessity of
seeking co-operation from other repeater stations.
Secondly, it provides a signal of known level for fault-
location purposes without requiring a channel to be taken
out of service. This is particularly useful when locating
intermittent faults by monitoring a signal over an ex-
tended period of time.

GROUP REFERENCE-PILOT SIGNAL
Pilot-Signal Frequency

The ideal frequency for a group reference pilot is in
the middle of the group frequency spectrum, i.e. 84 kc/s. -

tMain Lines
E.-in-C.’s Office.

Development

and Maintenance Branch.

This is the frequency used for setting up the group
initially, and a frequency at this point is affected less
than a frequency at either the upper or lower end of the
frequency band by any change that may occur in the
gain/frequency characteristic. This frequency, however,
suffers from the disadvantage that it corresponds to the
carrier frequency for channel 7 and would thus be sub-
ject to interference from carrier leak. For this reason,
the frequency in general use is 84-080 kc/s, the so-called
84 plus delta” frequency. The shift in frequency of
80 c/s is sufficient to avoid carrier-leak interference
without increasing unduly the interference from traffic
on channel 6. It is worth noting that the French equi-
valent is 84-140 kc/s and a signal of this frequency is
transmitted on all groups to the Continent that pass
through or terminate in France.

It is preferable to increase the frequency slightly from
the ideal 84 kc/s, rather than decrease it, for two reasons.
Firstly, the nearest traffic signal above 84 kc/s is
600 c/s away, corresponding to 3,400 ¢/s in channel
6, whereas the nearest traffic signal below 84 kc/s is
only 300 ¢/s away, corresponding to 300 c/s in channel
7. Secondly, the nearest traffic signals above 84 kc/s,
because they represent a higher audio frequency, con-
tain less energy than those below 84 kc/s and give less
interference to the pilot signal. The position of the
pilot-signal frequency in relation to the adjacent channels
is shown in Fig. 1.

84 080keks
[} A
CHANNEL 7\, | CHANNEL 6 !
N N
806 837 84 846 877 88

FREQUENCY kc/s

FIG. 1-—POSITION OF THE PILOT-SIGNAL FREQUENCY WITHIN THE
GROUP SPECTRUM

Frequency Stability

As the pilot signal, situated between channels 6
and 7, is likely to experience interference from speech
and signalling on these channels, it is necessary for any
pilot-measuring equipment to have a narrow band-pass
filter at the input, which, used in conjunction with the
channel-equipment filters, reduces the unwanted signals
to negligible proportions. This in turn means that the
pilot must be controlled within narrow limits of fre-
quency in order that it should not drift outside the pass
band of the measuring-set filter. The pilot-signal
generator has a long-term frequency accuracy of 1 ¢/s.
To this must be added any frequency change caused by
differences in frequency between -carrier-generating
equipments at the two terminal stations and at inter-
mediate translation points along the route. This
additional frequency shift will not normally exceed 2 ¢/s
for groups translated to the high-frequency end of the
line spectrum, although it may momentarily exceed this
figure if the carrier-generating equipment uses motor-
driven capacitors for frequency control. Thus the pilot
signal is normally received at the far end of the group
within 3 ¢/s of the nominal frequency.
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Pilot-Signal Level

In order that the addition of a pilot signal to every
group shall not appreciably increase the loading of
line amplifiers that handle a large number of groups,
it is necessary for the pilot to be transmitted at a low
level. The level used is — 20 dbmoO, i.e. 20 db lower
than the signal that would be produced by applying a
1-milliwatt tone to the 2-wire point of one audio circuit
connected to the channel translating equipment.

Level Stability

The level of the signal generated by the pilot-generat-
ing equipment must be stable, otherwise the object of
using the reference pilot for level monitoring will
be defeated. The pilot generators used for this scheme
have a stability better than O'1 db for changes of
either ambient temperature or power supplies. The
total level variation from all causes including tempera-
ture and power supplies is less than -+ 03 db in any
period of 28 days. FEach pilot-generating installation
comprises a main and standby oscillator with automatic
change-over facilities.

INJECTION OF THE PILOT SIGNAL

When deciding on the method of injecting the pilot
signal into a group a number of considerations have
to be taken into account. The injection network should
allow the level of the pilot signal to be independent
of the impedance of the transmission path, there should
be no crosstalk introduced between groups via the
pilot-signal distribution and the loss introduced into
the transmission path should be small. The three com-
mon methods of injection are the high-resistance tee,
the resistive skew hybrid and the coil hybrid. These
three methods are shown schematically in Fig. 2.

PILOT PILOT PILOT
3300 \\ 33db \ , 25db L 3db
\(NOTE 1) \(NOTE 1) \ - (NOTET)
10 S T0 Sa
£ ROM GDF 1300 6D F(NOTE2) s To GROUP
CHANNEL AMPLIFIER
FILTERS = (NOTE 2)
X
-— - —_——— —_——
01db 0 5db 3db
(@) () ()
(a) High-Resistance Tee (b) Resistive skew Hybrid
(¢) Coil Hybrid
Notes:

1. The transmission losses shown are typical but can be alteied
2. Impedance=75 ohms.

FIG. 2—METHODS OF INJECTING THE PILOT SIGNAL

For this particular application the high-resistance tee
is unsuitable. This is because the impedance of the
transmission path at a frequency between two channels
is likely to change greatly with a small change of pilot
frequency. The channel-filter impedances will also
change with time and temperature. Any change in trans-
mission-path impedance alters the ratio of the voltage
appearing in the transmission path to the total applied
voltage, and thus alters the level of the pilot.

The resistive skew hybrid and the coil hybrid both
work on the principle of the Wheatstone bridge and are
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not affected by the impedance presented by the channel
filters. The resistive hybrid has the advantages that it
is cheaper than the coil hybrid and can also be made to
introduce a lower loss in the main transmission path. Its
disadvantage is that it introduces resistance into the
earthed side of the unbalanced circuit, with a consequent
risk of increased crosstalk. The resistive hybrid is pre-
ferred for use on channel-translating equipments that
were in use before the introduction of the reference-pilot
scheme and which have to be modified to provide pilot-
injection facilities, because these equipments have no
amplification in the transmit direction and it is necessary
to introduce the smallest possible loss in the transmission
path. On the later designs of channel-translating equip-
ment, employing transistors, the loss introduced by the
hybrid in the transmission path is not so important,
because an amplifier is fitted to amplify the assembled
group and ample gain is available. Also, the function
of the coil hybrid can be combined with that of the
amplifier input transformer, thus overcoming the objec-
tion of cost. For these reasons the resistive hybrid is
used when it is necessary to modify existing equipment
and the coil hybrid is used on new designs of equipment
where a common group amplifier is employed in the
transmit direction.

MEASUREMENT OF THE PILOT SIGNAL

The pilot signal is measured by a level-measuring
panel mounted adjacent to the group distribution frame.
The measuring panel has facilities for measuring through
or terminated levels in the range — 3 db to — 65 db,
relative to 1 milliwatt, by means of a decibelmeter fitted
to the panel. It is also possible to monitor the pilot
signal using an externally-fitted recording decibel-
meter. Because the pilot signal has to be measured
in the presence of traffic signals, the input to the measur-
ing panel consists of a crystal band-pass filter. The
filter has a pass band of + 5 c/s about the 84-080 kc/s
frequency, and a typical selectivity curve is shown in
Fig. 3. 'The input filter is followed by a variable attenua-
tor, for the purpose of changing the range, and an
amplifier and detector that provide the direct current to
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the decibelmeter and recorder outlet. A block schematic
diagram of the measuring panel is shown in Fig. 4.

RECEIVE-
LEVEL AMPLIFIER
84:085kc/s CONTROL  DETECTOR

INPUT =] =1 D:__@OHETER
o 1= B, ™
84 075 kels RECORDING
THROUGH /’ TERMINATED
15

DECIBELMETER

FIG. 4—SCHEMATIC DIAGRAM OF THE MEASURING SET

In practice it was found preferable to filter the input
to the measuring panel as the first stage, otherwise the
comparatively high level of traffic signals present tended
to cause overloading. This arrangement is usually satis-
factory, but interference is occasionally experienced
from signalling transients in channel 7. This interference
appears as the upper sideband of channel 7 which is
insufficiently suppressed by the channel-equipment filters.
When this occurs it is not possible to obtain a clean
trace on the recording decibelmeter, although readings of
the internal decibelmeter may still be made between
bursts of interference. To meet this difficulty an audio-
frequency high-pass filter is fitted temporarily to the
audio input of channel 7 when recording takes place on
the group. The audio-frequency filter, which has a cut-
off frequency of 300 c/s, restricts the low-frequency
high-energy transients of signalling that cause the inter-
ference,

FUTURE DEVELOPMENTS

The initial use of the group reference-pilot signal
is to provide a reference by means of which the overall
gain of the group may be adjusted manually. As
a logical development of this, a number of other applica-
tions have been investigated.

Group Reference-Pilot Automatic Routiners

Routiners have been developed experimentally for
periodically testing the levels of the reference-pilot
signals at the receiving-end group distribution frame.
Routiners are in use at London and Bristol that test the
groups in turn and give an alarm if any group reference-
pilot signal differs from its correct level by more than
3 db. The routiners test the groups at approximately 2-
second intervals, so that, with a fully-equipped routiner
catering for 30 groups, each group is tested at intervals of

1 minute. The trial of these routiners has been success-
ful, but it is unlikely that the scheme will be extended
because the cost of the routiner makes it an uneconomic
proposition for small repeater stations.

Automatic Gain Control

Successful field trials have been carried out using
amplifiers that have automatic gain control governed by
the level of the group reference-pilot frequency. The
amplifiers have a nominal zero gain, and for input varia-
tions of up to 4 db give an output varation of approxi-
mately one tenth of that of the input. Outside the range
+4db the amplifier characteristic changes smoothly
from the 10:1 input-to-output ratio mentioned to a
1:1 ratio, i.e. the amplifier behaves as a normal ampli-
fier without automatic gain control. Arrangements can
be made for the amplifier to give an alarm when the
incoming pilot signal varies 6db from the nominal
level. If amplifiers are to be installed to regulate the
group, the additional alarm circuit can be provided
cheaply and, being applicable to both large and small
repeater stations, replaces the automatic routiner men-
tioned above.

Busying of Faulty Circuits

Before the advent of subscriber trunk dialling, faulty
circuits were often detected first by the traffic staff, who
would then take the circuit out of service. With sub-
scriber trunk dialling this facility is lost and some means
must be found to perform the function automatically;
this can be done by means of the group reference-pilot
signal. Basically the scheme is to apply the busy
condition to the outgoing circuits affected when the in-
coming pilot frequency on the group departs from its
nominal level by more than 6db. To ensure that all
affected circuits are taken out of service, particularly
when only one direction of transmission has failed,
arrangements are made to send a signal over the out-
going pilot frequency as soon as the incoming one fails,
so that the busy condition is applied to circuits outgoing
from either- end. Panels for this purpose have been
made in the laboratory and tried successfully in the field.

CONCLUSION
The group reference-pilot signal provides a valuable
maintenance aid at a low cost per group. The
scheme can be put into operation with a minimum of
alteration to existing equipment and is capable of other
applications connected with the provision of a uniformly
high grade of service on the high-frequency network.

Book Review

“Applied Chemistry for Engineers”. R. M. E. Diamant,
M.Sc., Dip.Chem.Eng., A.M.Inst.F. Sir Isaac Pitman
& Sons, Ltd. viii -+ 300 pp. 117 ill. 30s.

It would generally be regarded as unwise (if not criminally
negligent) to allow deadly nightshade to flourish in planta-
tions of blackcurrent bushes. The similarity between the
nutritious fruit and the poisonous berries would make the
gathering of sustenance a continuing hazard for the unwary.
Itis a great pity, therefore, that a book of such laudable aims,
written with sound concept, and containing much useful
material should be contaminated with so many false or
misleading statements. Space does not permit the full cata-
loguing of these confusions of thought on the part of the

author. One may quote however from page 13 (re-iterated on
page 30) “If sodium chloride for example is dissolved in
water, the insulation effect of the water serves to keep the
positively charged sodium ions separate from the negatively
charged ions”. Plastics (page 118) are defined as ““Organic
materials of high molecular weight, which, when subjected
to heat and pressure in the presence of a catalyst during
manufacture form solid objects by polymerising the mono-
mers to polymers”. Contrary to the statement on page 269,
anti-oxidants are not added to lubricating oils to prevent
oxidation of the metal bearing.

In its present form the book cannot be recommended.
Revised and edited by a panel of practising industrial chem-
ists it could well approach more closely to the claims made
on the dust jacket.

J.C.H.
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The arrangement just described has now been super-
seded by a separate enclosed air dash-pot situated below
the platen and operated through a lever system (Fig.
2 (b)). The valve which allows the air to escape from the
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LOCKING
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(a) Platen Shock-Absorber

PLATEN

SPINDLE ™. :

/

PLATEN

) \
VALVE DASHPOT PISTON
(») Independent Dash-Pot Shock Absorber
FIG 2—CARRIAGE-RETURN SHOCK-ABSORBING ARRANGEMENTS

dash-pot is automatically controlled during the operation
of the dash-pot so as to provide the maximum cushioning
effect without bounce.

The new arrangement showed such a marked decrease
in faults that a method has been devised for fitting the
dash-pot to the older-pattern page-attachment, and
several thousand machines are being modified.

Typehead Clutch

The typehead clutch now being fitted to Teleprinters
No. 7 was described in an earlier article,! and has con-
tinued to give a good performance. In addition to its
reduced fault liability, this clutch has the advantage that
owing to its faster operation it will function reliably
when receiving 7-unit signals at maximum speed.
Although it has been agreed internationally that the
minimum character length should be 7-4 units, some
continental administrations are still using 7 units, and if
such signals are sent at maximum speed the old type of
clutch occasionally fails to latch.

Receive-Cam Unit

The receive cam used on the older machines controls
the selecting, translating and printing functions. Because
of the heavy load imposed by the last two functions, a
ratchet clutch was employed. This clutch has 60 teeth,
and as the shaft rotates in 130 ms the pick-up time varies
between 0 and 2-2 ms depending on the relative positions
of the ratchet and pawls at the moment of release. This
is equivalent to a loss of total margin of (2:2/20)100=11 9,
or 4-5-5%. Also, because there is insufficient time to
carry out all the functions during one revolution of the
cam, selection and translation are carried out during one
revolution, and printing during the next revolution (when
the next character is being selected and translated). As
a result the last character of a transmission is not printed
unless it is followed by a non-printing combination, e.g.
letter-shift.

The new cam unit, known as the overlap cam unit,
overcomes both these disadvantages by dividing the
functions between three different cams, each being
released in turn at the appropriate stage in the revolution
of the previous one. The load imposed by selection is
small, and it has been possible to use a friction clutch for
the selector cam, thus largely eliminating the variable
pick-up time and producing a useful increase in margin.
The remaining two cams are driven through ratchet
clutches, but for these functions accurate timing is not
required. Although the selector cam still rotatesin 130 ms,
the total time available for the rotation of the cams is
about 250 ms, so that there is time for printing to take
place before the last cam comes to rest, and the last
character is not stored in the machine. When receiving
at maximum speed however, printing will still be taking
place while the next character is being selected.

The new cam unit is also provided with an orientation
device that enables the early and late margins to be
balanced, and provides an approximate means of
measuring margin while the machine is in service. The
operation of this mechanism has already been described.!

At present the new cam unit is only being provided on
machines for the telex service, where the increase in
margin is particularly valuable on international calls
involving a number of links in tandem.

A. C. Motors

For a long time it has been realized that there is an
obvious advantage in providing a.c. motors at offices
equipped with a.c. mains, thus doing away with the large
rectifier required to provide a d.c. motor supply (a small
rectifier to provide a d.c. signalling supply would still be
required). Difficulty was, however, experienced in
designing a governed a.c. commutator motor of satisfac-
tory performance, and synchronous motors were not
favoured because of doubts of the mains frequency
stability.

The chief difficulties in designing a satisfactory a.c.
commutator motor arise from the fiercer governing action,
which puts a greater strain on the windings and bearings,
and the rapid brush wear. However, by paying
particular attention to these points, a motor has now
been produced that gives an adequate service on relatively
lightly-loaded circuits, and it is now in general use on
machines on the telex network.

The a.c. motor is more expensive than the d.c. motor,
but is much cheaper than the combined cost of a d.c.
motor and rectifier.

Some investigations have recently been carried out into
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printer No. 7.3 A modification of this attachment has
been introduced that operates from the receiving mech-
anism and can also be operated from the keyboard via
the local-record circuit. Machines so fitted are proving
very popular and about 20 per cent of telex subscribers
use them. As telex is a relatively lightly-loaded service,
the machine can be used for tape preparation when a
call is not in progress, and the provision of a separate
off-line machine is avoided.

On-Speed Indication. Ontelex and other automatically
switched networks, arrangements are made for the “who
are you’ signal to be sent automatically from the
exchange to the called teleprinter, and it is therefore
essential for the teleprinter to be running at its correct
speed before the signal is sent. The sending of the ‘“who
are you” signal is therefore delayed until an indication is
received from the teleprinter that it has reached governed
speed. This indication is provided by a relay connected
across, and short circuited by, the governor contacts.
These contacts open when the machine reaches governed
speed and the relay operates and locks to the mains
supply. The relay thus remains operated until the mains
supply to the motor is disconnected at the end of the call.

Use Meter. 1t is generally accepted that the amount of
maintenance a machine requires is directly related to the
amount it is used. One of the difficulties in adjusting the
frequency of maintenance visits in the past has been that
of ascertaining how much the machine is used. A cyclo-
meter type of meter has now been introduced, operated
from the ribbon-drive shaft and suitably geared so that it
reads directly in hours of use. After two or three visits the
maintenance staff can thus judge the amount of use being

made of the machine and the intervals between subsequent
visits can be suitably adjusted.

Conclusion

Although the basic design of the Teleprinter No. 7 is
30 years old, the developments that have taken place have
kept it up-to-date and enabled it to meet modern require-
ments. Maintenance needs have not been overlooked
during this period, and many detailed changes have been
made with a view to reducing the frequency of mainten-
ance visits. As regards performance, i.e. transmitter
distortion, receiving margin and speed stability, it would
probably be difficult to make any appreciable improve-
ment without departing from purely mechanical prin-
ciples. Distortion and margin could possibly be slightly
improved by the use of associated electronic apparatus,
but whether the degree of improvement would justify the
increased cost is questionable.

The Teleprinter No. 7 has proved to be a versatile
machine, and it has been found possible to adapt it for a
variety of special purposes. One of the major adaptations
has been the fitting of a perforating unit and removal of
the page-printing attachment to provide a printing
reperforator, i.e. a machine that provides a perforated
tape with the corresponding message printed on the tape.?
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Book Review

“Electrical Principles.” Prof. H. Cotton, M.B.E., D.Sc,,
M.LE.E. Cleaver-Hume Press, Ltd. xii + 423 pp.
258 ill. 15s.

This third edition of a book first published in 1956
contains two new chapters dealing with series and branched
circuits, power calculations and electrical resonance. The
book is not designed to cover any specific examination
syllabus but to serve as a basis for a variety of classes in
technical colleges and grammar schools, and for the
professional syllabuses of the Institutions of Electrical,
Mechanical, Mining and Radio Engineers.

After listing the symbols and abbreviations used,
Chapter 1 commences with the question “What is Elec-
tricity”” and then proceeds to an explanation of the
structure of the atom and the motion of electrons. The
general arrangement of the chapters is similar to that in
most good-class works on electrical fundamentals, the
early chapters dealing with magnetism, resistance, units,
and calculations, including the use of Kirchhoff’s laws, for
simple circuits. These are followed by six chapters on the
heating and magnetic effects of the electric current, work,
power, the magnetization of iron and steel, and electro-
magnetic induction. Other chapters treat quite adequately
the fundamentals of the d.c. generator and motor, cells and
accumulators, the conduction of electricity through gases,
static electricity and electrical measurements. The final
chapters are on elementary a.c. theory and electrical
resonance.

The book is well written and printed, the diagrams
particularly being very clear and well selected, which one
has come to expect from an author with such a long experi-
ence of students’ requirements. Of great value to students
are the many worked-out examples and the additional
exercises at the end of each chapter, the answers to the
numerical exercises being given at the end of the book.

This book is a worthy addition to existing students’ works
on elementary electricity.

I.P.O.E.E. Library No. 2406 R.S.P.

“The Basic Principles of Electronics and Telecommunica-
tions.” M. D. Armitage, B.Sc., A.M.LLE.E., A.Inst.P.
Geo. G. Harrap & Co., Ltd. 374 pp. 241 ill. 22s. 6d.

There is usually a time lag of several years between the
introduction of new principles or techniques in industrial
technology and the reflection of these in school curricula and
public examinations. For example, semiconductor devices,
particularly tramsistors, have become established in tele-
communications technology in an astonishingly short time—
they are already as important as thermionic valves—so that
many teachers are having difficulty in keeping their lectures
up to date in this respect.

In adding yet another text book to those covering the
elementary years of electrical engineering and the Tele-
communications Technicians Certificate, Mr. M. D.
Armitage has set out to modernize the approach to the
teaching syllabus of the City and Guilds examination in
Telecommunications Principles ““A”. Using his experience
as a lecturer at one of London’s large technical colleges, he
has avoided the tendency to compress subject matter because
it is elementary. The descriptive style of writing, with a
minimum of mathematics to interrupt the flow, holds the
interest of the reader who proceeds at a comfortable, almost
leisurely, pace well suited to the student who is not above
average in his rate of progress. The diagrams are excellent
and add much to the ease with which subject matter is
presented. Exercises, with answers at the back of the book,
are included at the end of each chapter.

This work is suitable for those elementary students of
telecommunications who find difficulty in reading the more
academic type of text book.

C.FE.F.
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some static components are mounted on the base
together with the connexion blocks. One type of
connexion block has soldered connexions that can be re-
arranged to provide, for example, barring of the con-
nexion of private circuits to exchange lines; the other
type is equipped with screw terminals and is used for the
connexion of the operator’s telephone and the line-
circuits. Screw terminals are also provided to permit re-
arrangement of the straps and cords when 2-wire
extensions, private circuits or inter-switchboard exten-
sions are required.

The switchboard is supplied with a multi-way cord
already connected, and with the free end terminated on
small connectors that plug into a wall-mounting jack
assembly cabled to the connexion box. The P.M.B.X.
No. 2/3A is equipped with a 68-way cord and P.M.B.X.
No. 2/4A with a 100-way cord.

EXCHANGE LINE CIRCUIT

~50V VIA
= PILOT
—T_ﬁ-l\ KXI CALL

ELECTRICAL DESIGN

For economic reasons a parallel-feed transmission
bridge has been adopted for extension-to-extension calls.
The bridge is of the new 50-volt design (used on P.M.B.X.
No. 2/2A) and consists of a 300 + 300-ohm coil with an
0-1uF capacitor across the output to give improved side-
tone balance. This combination is suitable for all
extension-to-extension calls up to a signalling limit of
500 ohms, with either 300-type or 700-type telephones.
Non-removable relay shields fitted to the transmission-
bridge relays increase the crosstalk attenuation between
circuits to at least 75 db.

A new lamp (Lamp No. 2, 45 volts) has been developed
for use on these switchboards. It has a reasonably flat
lumens/resistance response over the range 0-500 ohms
for the line-plus-telephone loop resistance and its use
has obviated the need for a line-signalling relay.
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No hand generator is fitted; the ringing supply is
derived from a frequency-dividing mains-operated unit
producing a 25 ¢fs a.c. output.

The switchboard circuits have been designed to
operate from a nominal 50-volt d.c. supply, but are
capable of operating from a supply in the range 45-55
volts, and this has enabled economies to be made in the
design of the power units. Under full-load conditions
the current consumption of the P.M.B.X. No. 2/3A is
1 amp and that of the P.M.B.X. No. 2/4A is 2 amp. If
auxiliary units are associated with the switchboard, the
power consumption is increased and the power units are
changed to 2-amp and 4-amp types, respectively.
Arrangements have been made to ensure that exchange
calls in progress are maintained if a mains failure occurs.
For normal installations it is recognized and accepted
that extension-to-extension and inter-switchboard calls
will fail if the mains supply ceases, but at installations
where such a break in service could not be tolerated the
switchboard will be operated from a floated-battery
system.

CIRCUIT DESCRIPTION AND OPERATION

The 4-wire extension principle is used on all internal
extensions and can be applied to external extensions
within the curtilage of the subscriber’s premises. For
external extensions connected via the local-line network
it will generally be desirable and more economical to use
a 4-wire/2-wire conversion unit. For extensions not
requiring a conversion unit the exchange-to-extension
transmission and signalling limit is 935 ohms in exchange
areas equipped for 1,000-ohm line working, 65 ohms
being required for the supervisory relays. On external
extensions for which conversion units are required this
limit is reduced to 850 ohms, the difference being due to
the resistance of the signalling relays in the conversion
unit.

Two additional facilities are provided by the circuit of
the larger switchboard, the P.M.B.X. No. 2/4A. The first
enables a free connecting link to be selected rapidly by
means of a free-link signalling system. The second
facility, known as overcall, enables the operator to
answer a call when all seven connecting links are
engaged.

A simplified circuit diagram of the P.M.B.X. No. 2/3A
is shown in Fig. 4.

Extension-to-Extension Calls

When a call is originated at an extension by lifting the
telephone handset, earth via contact KX1, the telephone
loop, contact KX2 and the calling lamp, operates the
pilot relay, P, which is connected to —50 volts, and the
extension calling lamp glows. Contact P2 connects the
low-resistance coil of the P relay in parallel with the high-
resistance coil. This prevents the voltage drop across the
pilot relay becoming excessive when a number of lamps
are glowing simultaneously. Contact Pl causes an
audible alarm to be given if the ALARM ON key, KA, is
operated. If more than one extension is calling the
switchboard, overhearing between the extensions is
suppressed by capacitor C3. The call is answered by
operating the OPERATOR’S TELEPHONE key, KO, associated
with the chosen connecting circuit and the appropriate
CONNECT EXTENSION key, KX, and by lifting the handset
of the operator’s telephone. The transmission-bridge
relay, LA, feeds transmitter current to both telephones.

If connexion to another extension is required, the
operator checks that the extension is disengaged by
observation of the keys, and calls the extension by the
operation of the appropriate ringing key. When the called
extension answers, the calling lamp glows and the KX
key associated with the extension is operated to complete
the connexion. The operator then restores key KO and
replaces the handset. FEither extension can recall the
switchboard by depressing the recall button on the
extension telephone. An earth (on the fourth wire from
the connexion box) is then extended to the C wire (the
third wire) and the calling lamp glows while the recall
button is pressed. When the call is completed and the
extension handset is replaced, earth potential is extended
via the auxiliary gravity-switch spring-set, SWA, to the
C wire to give a clearing signal on the calling lamp via
key contact KX3.

Extension-to-Exchange Calls

If the calling extension requests connexion to an
exchange line the CONNECT EXCHANGE key, KE, of a free
exchange line is operated. This disconnects the local
50-volt supply from the connecting circuit at contacts
KEI and KE2 and extends the extension to the exchange-
line circuit. As relay CT is normally operated, earth via
contacts CT1, KEI and KXI1, the extension-telephone
loop, contacts KX2 and KE2, relay SA and contact CT2
operates relay SA to —50 volts. Contact SA1 operates
relay SB and contact SB1 releases relay CT. Contacts
CT1 and CT2 extend the circuit through to the exchange
line. Capacitor C2 is connected across relay SA to
provide a low-impedance speech path. The exchange-
line connecting keys are arranged to prevent any
exchange lines being connected together.

Incoming Call on an Exchange Line

Incoming ringing current on an exchange line will
operate relay AC over one coil, via contact CT4 operated.
Contact AC] lights the calling lamp and contact AC2
completes a holding circuit for relay AC from an earth
via contact CT3 (to provide a locked calling signal on the
exchange line until the operator answers) and also operates
the pilot relay, P. The circuit is arranged to ensure that,
provided the ALARM ON key, KA, is operated, an audible
alarm is given at the P.M.B.X. even if the exchange-line
calling lamp becomes disconnected. The operation of
relay AC is delayed by the short-circuit maintained
across the hold coil by contact AC2. This avoids false
operation due to line surges when switching takes place.
False operation of relay AC can, however, occur under
certain conditions if the A and B wires of the exchange
line are reversed.

Specific safeguards have also been incorporated to
avoid the possibility of lost calls due to misoperation of
the switchboard keys. A calling signal is not extinguished
(except when a headset is also provided) until the
operator’s handset has been lifted and both the KE and
KO keys have been operated. When the call is answered
by the operator, relay SA operates. Relay SA then
operates relay SB, which releases relay CT. Contacts
CT1 and CT2 extend the operator’s telephone loop to the
exchange line to trip the ringing if the incoming call is
from an automatic exchange. Contact CT3 disconnects
the holding circuit for relay AC, and contact ACI
extinguishes the calling lamp. The exchange call can
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then be extended 1o an extension, as already described,
or automatic holding conditions can be applied.

Automatic Holding of Exchange-Line Calls

When a call is answered, relay SB is operated by relay
contact SAl; —50 volts, via contacts SB2 and KE3
operated, operates relay H to earth at contact KO4.
Relay H locks to earth via contacts H3 and KX4 or to
earth at the auxiliary gravity-switch, SWA, of the exten-
sion telephone if the extension key has been operated.
Contact H1 prepares the holding loop across the exchange
line, the loop being completed by contact KO1 when the
operator restores the KO key to normal. Contact H2
lights the cALL HELD lamp. This lamp remains as a
visual reminder to the operator that supervision of the
switchboard is still required. If the line has been
switched to an extension the holding circuit is released
when the extension answers the call by the auxiliary
gravity-switch contacts, SWA, opening. When the holding
circuit is removed the CALL HELD lamp is also extinguished.
The CALL HELD lamp is common to all connecting
circuits.

If the operator wishes to release an exchange call
without connecting it to an extension, the holding
circuit to relay H is released at contact KE3 when the
exchange key is restored. Although relay H is shown in
Fig. 4 as a slow-to-operate relay, advantage is taken of
its slow release, and in so doing further economy and
space saving has been achieved by using 600-type relays
instead of 3,000-type relays. The slow release of relay H
is particularly important when the automatic holding
circuit is used on circuits where line surges are prevalent.

Call Trap

When an exchange-extension call is completed the
clearing signal is given on the extension calling lamp only
when the extension telephone is replaced. Relay SA then
releases and contact SA1 releases relay SB. Contact SB1
restoring to normal permits relay CT, the call-trap relay,
to re-operate. Contact CT4 re-connects relay AC and
capacitor C2 across the A and B wires of the exchange
line, while contacts CT1 and CT2 disconnect the
exchange line from the connecting circuit. Thus a
follow-on incoming call will be trapped on relay AC and
will not ring the extension telephone bell if the call has
not been cleared-down at the switchboard.

Free-Link Signalling

A free-link signalling system, similar to the well-known
free-line signal (F.L.S.) used on manual switchboards in
main exchanges, has been provided to increase the speed
of answer. This is particularly important with the
P.M.B.X. No. 2/4A as there are 88 circuit keys to scan
before selecting a free connecting link. The free-link
signals are given by small amber-coloured lamps situated
down the left-hand side of the face panel. Two lamps are
provided for each row of keys, one for the upward
movement and one for the downward movement. The
circuit arrangement is shown in Fig. 5. Normally, all
lamps are extinguished in the idle condition. As soon as
an incoming call is received pilot relay P operates.
Contact P1 lights lamp LPA and the operator answers
the call using the A connecting link. When the A
connecting link is taken into use the relay contacts LA1
and LA2 of the transmission-bridge relay operate and
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step the free-link signal on to lamp LPB to indicate that
the B connecting link should be used for the next call.

The sequence is always the same, but if any link is taken
into use out of turn the remaining lamps still glow in the
same order, excluding the circuit taken out of sequence
if it is still in use. When a circuit becomes disengaged the
free-link lamp glows again if it is the first free link in the
sequence. On exchange calls arrangements are made to
operate the appropriate transmission-bridge relay al-
though it is not used to provide the transmission feed.
When all seven connecting links are engaged the eighth
lamp, the overcALL lamp (LPH), glows. This indicates
that all connecting circuits are engaged. Should any
exchange or extension call then be received at the
switchboard it can be answered on the overflow or
overcall circuit.

Overcall

As mentioned above, overcall enables the operator to
answer a call when all seven connecting links are engaged.
The circuit is shown in Fig. 6. To answer an extension
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call under tnese conditions the SPEAK ON OVERCALL key,
KSO, is operated and relay OC feeds transmission
current to the operator’s telephone via contacts KH1 and
KSQO2, and contacts KSO1 and KH2. Relay OC operates,
and contacts OCI and OC2 changing over disconnect the
ringing supply and extend the operator’s telephone to
the extension RING key, KR. The operator can now
speak to the calling extension by holding operated the
appropriate KR key. The KSO key must be restored
before answering a normal call.

An exchange call is answered by operating the KSO
key and the appropriate EXCHANGE OVERCALL key, KH,
which locks in the operated position. Contacts KHI
and KH2 disconnect relay OC and connect the exchange
line to the operator’s circuit. The transmission feed for
the operator’s telephone is now supplied by the public
exchange and contact KH3 connects bridging coil IL to
provide a holding condition. This permits the operator
to leave the circuit and offer the call to an engaged
extension and then, if required, breakdown the connexion
and extend the exchange call to the extension. When the
call has been dealt with, keys KH and KSO are restored.

Mains Failure

As the switchboard has been designed to work from a
mains-operated 50-volt d.c. power-supply unit, the
circuits have been arranged so that the exchange-line
service is maintained under mains-failure conditions. If
a mains failure occurs, relay CT (Fig. 4) releases and
contact CT4 connects the bell of the operator’s telephone
to the first exchange line so as to give an audible
indication of an incoming call. The operator can
answer the exchange call under mains-failure conditions
by operation of the appropriate KE and KO connecting
keys and by removing the handset from the operator’s
telephone. Outgoing exchange calls can also be
originated by the operator in the normal manner. The
operating instructions for these switchboards will advise
the subscriber to connect the remaining exchange lines to
selected extensions (as for night-service working) if a
mains failure should occur, and the selected extensions
will then have direct access to these exchange lines.

Press-Button Recall

Each extension telephone is provided with a press-
button key (a make contact in parallel with the auxiliary
gravity-switch spring-set) for recall purposes. Operation
of the button connects earth potential (on the fourth
wire) to the C wire (the third wire). Recall is available
on all extension and exchange calls.

Night Service

Night-service arrangements are provided by the
NIGHT SERVICE key, KNS, and relief relays that dis-
connect the pilot relay and the extension calling-lamps.

Key contact KNS3 releases relay CT, which disconnects
the AC relay of each exchange line thus rendering the
call-trap circuit ineffective. Selected extensions can be
connected to the exchange lines by operating the
appropriate KE and KX keys as required.

Two-Wire Extensions, Inter-switchboard Extensions and
Private Circuits

Additional terminations have been provided on
extensions 7-12 of the P.M.B.X. No. 2/3A and on
extensions 10-18 of the P.M.B.X. No. 2/4A so that by
suitable inter-connexions these extensions can be used
for 2-wire extensions, inter-switchboard extensions or
private circuits, without alteration to the permanent
wiring of the switchboard.

When any of these facilities are required the
connexions are made so that the switchboard controls
the switching relays in the various auxiliary apparatus
units to provide for automatic hold on 2-wire extensions
and inter-switchboard extensions, or prohibition of
exchange-line connexion to private circuits.

Provision is also made to control the relays in the
4-wire/2-wire conversion unit in order to provide
through-dialling facilities on exchange calls. Should the
operator enter the circuit on this type of connexion,
spring-set SWB on the operator’s telephone short-
circuits resistor R on the control wire and operates a
relay to provide transmission feed from the conversion
unit to the extension. On extension-to-extension calls
the divided transmission-feed arrangements are applied
by earth from contact KE4 normal short-circuiting
resistor R.

CONCLUSION

The P.M.B.X.s No. 2/3A and 2/4A incorporate new
circuit design, provide better facilities, and should give
greater reliability and ease of maintenance. These
advantages, coupled with their improved appearance,
should make them welcome substitutes for the switch-
boards they supersede.
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line relay-set, switches to the calling transmitter-head
relay-set. The line relay-set then changes the potential of
the S wire from positive to negative to start the out-
station teleprinter motor. A negative potential is returned
on the R wire to the line relay-set, so starting the serial-
numbering transmitter. The circuit code, serial number
and time are transmitted to the out-station teleprinter and
to the monitor teleprinter associated with the transmitter-
head. The serial-numbering transmitter is released and
the transmitter-head started, transmitting the message to
the out-station and to the monitor teleprinter. At the end
of the message the “tape out” contacts on the transmitter
open and release the equipment; the line potential reverts
to positive.

Other features of the design are:

(a) The banks of uniselectors PF and CM are inter-
connected in such a way that it is impossible for two
uniselectors to switch to the same outlet.

(p) If more than one transmitter head is loaded for the
same line, the heads transmit sequentially in the order
one to six and not in the order of loading.

(¢) If the transmission of a message is delayed, an
alarm is given after a predetermined time to draw
attention to the transmitter head concerned.

Routiner

Every 20 minutes uniselector RM in the routiner
commences a testing cycle. Engaged lines are stepped
over, but the routiner stops on the free ones, tests for the
correct line conditions and then causes the serial-number-
ing transmitter to transmit the circuit code, serial number,
time, and the characters ““figure shift”” and D, which trip
the answer-back unit of the teleprinter at the out-station.
A check message is then received in the T.R.C. from the
out-station, finishing with the characters “figure shift”
and J. A monitor teleprinter associated with the routiner
records the two messages, and on receipt of the characters
“figure shift” and J causes the routiner to step on to the
next free line. An alarm is given and the circuit indicated
if the routiner fails to complete its testing cycle.

CONCLUSION

The equipment has been working at London Airport
since July 1960. It has a capacity for 25 circuits, but the
system can be readily adapted to meet requirements for
larger centres. A substantial saving has been achieved in
telegraph machines as well as in floor space in the
operating room.

The British Computer Society’s Third Conference, Cardiff,
September, 1962

U.D.C. 061.3:681.142

British Computer Society’s Third Conference, held

at Cardiff during 4-7 September 1962. Rather
it was a prosaic record of the application of equipment
currently available to a market steadily expanding from
the traditional fields of mathematical computation and
automatic data processing (a.d.p.) into the most import-
ant field of factory scheduling.

J. D. W. Janes of HM. Treasury reported that on
Government a.d.p. projects capital expenditure of £1,650
was incurred to replace one man or woman and that
only 56 per cent of the total expenditure was spent on
the computer equipment itself; an average return on
capital of 10 per cent was sought, and achieved. Dr. A.
Young revealed that computers in British universities
were saturated with computation much more quickly
than had been estimated, and this was due to one quarter
of the work load arising from faculties not thought
originally to have a demand. There was appreciation
for his comment that the computing laboratory was the
Piccadilly Circus of the university and the place where
the faculties, rather to their surprise, found that they
had similar problems,

The business concerns pioneering commercial data

NOTHING startling or epoch-making arose at the

transmission were uniformly content with the perform-
ance ach.eved so far, the experience being that very few
snags occurred in operation and that undetected trans-
mission errors were small compared with others arising
in the data-processing system taken as a whole.

W. S. Elliott of Cambridge University had some inter-
esting observations on the implications of new compon-
ents for computer design. He estimated that the fault
liability of integrated circuits using planar techniques
would be 0-001 per cent per annum for the equivalent
of 20 integrated components ; these circuits would soon
be used on account of their reliability, and later their
use would be extended when they became cheaper than
conventional circuits. Tunnel diodes would form the
basis of logic circuits: stores of very large capacity
would be of cryogenic type. and those of more modest
capacity would use tunnel diodes. The operating speeds
that he had in mind were 250 Mc/s for computing and
50 Mc/s for storage. He forecast an increased use of
large file stores without revealing what type they might
be. A sobering thought was that an examination of the
best method of utlhzmg redundancy to achieve very high
reliability in a system might well be a 10-year job.

R.K.H.
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Improvements in Automatic Error-Correction Equipment Used on
H.F. Radio Telegraph Services

A. C. CROISDALE, M.BE.. BSc.(Eng.). AM.LEE.T

U.D.C. 621.391.88.621.394.3:621.371

Error-correction equipment invented by Dr. Van Duuren, of the
Netherlands Post Office, has become very widely used because it
makes possible a higher standard of performance for radio telegraph
circuits. This article reviews developments that have been made to
the system to provide automatic phasing of channels and sub-
channels, and, also, to improve the performance and reduce the
attention required. These improved automatic error-correcting
equipments can be used in conjunction with improved frequency-
division equipment to give the larger numbers of circuits required
between major cities due to the increasing demand for telex circuits.

INTRODUCTION

HE principles of automatic error-correction (ARQ)

I have been described in this Journal.' Development

of the equipment itself has been continuous since
the original electromechanical equipment, manufactured
in Holland, was put into service around 1953-4. Elec-
tronic equipment followed, first using hot valves and,
later, cold-cathode valves. Now transistor and para-
metron® equipment has been widely introduced, and the
saving in maintenance costs compared with those of
older equipment has been very considerable. The use of
electronic equipment®* has encouraged further study to
provide improved operating performance and additional
refinements. It has been possible, largely within the
original basic design produced by Dr. Van Duuren
(which was adopted internationally by the C.C.L.T.T.}
and by the C.C.I.LR.§ as Recommendation No. 242*%) to
provide virtually unattended operation while maintaining
a low undetected-error rate under all conditions occurring
on the radio path.

Appendix 1 gives the definition of terms used in
connection with ARQ operation. Appendix 2 indicates
the conventions used to describe the polarity of the
signal elements in the multiplex system.

BASIC FEATURES OF THE VAN DUUREN SYSTEM

The Van Duuren system employs several fundamental
telegraph features that all contribute to a highly satis-
factory performance. These features are described
briefly below.

(a) Synchronous Operation With 2-Channel or 4-Channel
Time Division. Time-division working implies that each
channel of a number of telegraph channels is given, in
rapid succession, exclusive use of a common transmission
path. Synchronized transmitting and receiving distribu-
tors allocate each channel to the common transmission
path for a fixed period. Each character is composed of
an exact number of signal elements, and the rate at which
signals have to be transmitted over the radio link is the
aggregate of the signalling rates of the channels. The
use of the common transmission or aggregate signalling

T Telegraph Branch, E.-in-C.’s Office.

¥ The parametron is a logic element, consisting of a coil, a
capacitor and resistor, providing positive and negative phase
positions relative to a high-frequency excitation source.

%tlnternatlonal Telegraph and Telephone Consultative Com-
mittee.

§ International Radio Consultative Committee.

path by the channels of a time-division system may be
on the basis of single elements of the first channel, A,
alternating with single elements of the second channel, B
(termed element interleaving), or single characters of
channel A alternating with single characters of channel B
(termed character interleaving). In the Van Duuren
system, for 2-channel operation, the channels A and B
are character interleaved, but for 4-channel operation the
elements of the combined A and B channels are inter-
leaved with the elements of two other combined channels,
C and D.

Synchronous operation means that the timing of the
whole system, e.g. the operation of the distributors
referred to above, is controlled from a continuous
source—usually a crystal-controlled oscillator. The use
of synchronous working permits a higher efficiency in
telegraph transmission, since the margin of the equip-
ment® is much higher than when start-stop operation is
employed.® It requires a method for checking signal
identity to relate the timing, or phase, of the receiver to
that of the transmitter; the procedure to obtain this is
termed phasing.

It is common practice on synchronous systems to
arrange to produce a balanced signal, i.e. equal numbers
of X elements and Y elements, on the aggregate path by
inverting the polarity of the second channel of a 2-channel
system.

(b) Polarity-Ratio Check. The system code has seven
elements per character, and, out of these seven elements,
three must be of one polarity (Z) and four of the opposite
polarity (A). This allows all 7-element combinations not
complying with the 3 : 4 ratio to be detected as erroneous.

(¢) Transmission Repetition. Errors detected as des-
cribed in (b) due to mutilations occurring on the radio
path can be corrected by automatically repeating the
transmission of the character until it is correctly received;
this is the basic principle of the Van Duuren system. It
has the great merit of increasing the effective redundancy
when conditions are worst, since, with this system, a
group of four characters (termed a 4-character repedition
cycle) is repeated, and further ingenious checks may be
made to ensure that the radio path has regained its
reliability before printing is resumed.

The mechanism of automatic repetition has been
described in detail previously."”

(d) Temporary Storage of Each Character. To allow
for the repetition procedure described in (¢), it is necessary
to arrange that characters are called individually for
transmission by a pulse. Each character is then held
temporarily in an electronic store while being transmitted
and checked at the distant end so that, if necessary, it can
be repeated again and again, thus safeguarding the
traffic offered to the system for transmission.

(e) Sub-Channel Operation. The synchronous method
of operation facilitates not only the provision of 50-baud
channels nominally carrying 400 characters per minute
(termed the full-character rate) but also, by a device
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known as a sub-divider the use of channels of quarter
fractions of 400 characters per minute, i.e. 100 charac-
ters per minute, with complete privacy for each user.
Circuits of this type are leased to firms who have a con-
siderable volume of telegraph traffic.

Privacy is ensured by inverting the polarity of every
fourth character on the full-character-rate channel, i.e.
sub-channel No. 1, and using this “marking” to locate
the reference timing for the scrambling and unscrambling
devices used to transmit the sub-channel signals over the
main channel of the synchronous system. This inverted
character is used to reset, semi-automatically, the device
that identifies correctly the sub-channels at the receiving
end. Of course, it is not essential that sub-division should
be employed on any of the channels of an ARQ system.

OPERATING EXPERIENCE OF C.C.I.R. RECOMMENDATION
NO. 242

Practical operating experience with ARQ equipment
based on C.C.ILR. Recommendation No. 242, and
incorporating the basic Van Duuren features described
above, showed that phasing of the system was not
always completely satisfactory since:

(i) an accidental inversion of the polarity of the
aggregate signal could result in incorrect routing of the
traffic,

(ii) loss or duplication of characters could occur
during phasing,

(#iii) sub-channel operation could only be provided
reliably on one channel of a system due to difficulties
in re-phasing the sub-channels if more than one channel
was sub-divided, and

(iv) sub-channel phasing was required to be manually
controlled.

Phasing requires that the sequence of the signal
elements comprising the received radio signal should
be determined accurately by the receiver, to enable the
channel information to be segregated correctly. The
information in each channel is composed of seven
elements per character, and this means that every element
must be in its correct position within the character as
determined by the receiver, which is driven continuously
by an oscillator.

For a 2-channel ARQ system operating with a 96-baud
aggregate signal, each signal element is 1,000/96 ~ 10 ms
in length. The scanning by the receiver is designed to
examine each element at the exact midpoint (see Fig. 1 (a)).

SINGLE CHANGE OF
ELEMENT PROPAGATION TIME

S ([
| o

| i NEW POSITION OF
“” INCOMING ELEMENT

50%,50%

L

SCANNING POINT SCANNING POINT

AT RECEIVER AT RECEIVER
WRONG ELEMENT
DETECTED
@ ()]

(@) Correct Scanning of a Signal Element
(b) Changed Position of Signal Element due to Change of Propagation Delay

FIG. 1—LOSS OF PHASE DUE TO CHANGE OF PROPAGATION DELAY

If, therefore, a sudden alteration in the route propagation
time occurs, e.g. due to the radio propagation time
changing, this will cause the incoming elements to be
moved in time relative to the receiver scanning, which is
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driven at constant speed by an oscillator and can only
follow slight variations of the incoming signal transitions.
If the sudden change exceeds 50 per cent of the element
time, then the scanning will be outside the element and
will in fact be reading the polarity of an adjacent element
(see Fig. 1 (b)). This is an out-of-phase condition.

Each end of the circuit is driven from a separate
oscillator. The small difference in speed that would
otherwise exist between the distributors is corrected by
making one oscillator the master and arranging that the
slave end corrects its speed to exactly that of the master
by using the signal transitions as a reference.

A prolonged loss of signal can cause the receiver
scanning to change its position gradually relative to the
transmitted signal, since, when no signal transitions are
available, the corrective action is necessarily inoperative.
In normal service it is rare for loss of phase to occur
more than once in 24 hours, since a basic oscillator-drive
accuracy of 1 in 10° at each end, even with tolerances
adverse, would still allow the terminals to hold within
the correct phase limit and recommence passing traffic
after a break in circuit of 15 minutes. Loss of phase
usually occurs only as a result of either a prolonged loss
of signal or a definite change of propagation delay on the
loop provided by the radio links.

There are now about 700 ARQ terminal equipments
in operation all over the world, including about 70 in
the United Kingdom radio-telegraph terminal at Electra
House, London. The continuously changing nature of
h.f. radio propagation means that, perhaps several times
a day, changes of radio frequency or of route are
necessary, and these involve possible changes in the
propagation times. The decisions on such changes are
made as required and not entirely to a timetable. This
involves continu fjus supervision of the performance of
the links, although proposals are being considered for
anticipating the need for action so as to prepare for
automatic wavelength changing. To re-phase these
70 systems even once per day is a considerable task if
carried out by hand; the electromechanical systems can
each require up to 5 minutes to re-phase manually. Itis
therefore desirable to re-phase automatically while traffic
is still being offered to the system, without (@) gaining or
losing any characters, (b) printing any errors, and
(¢) unnecessary loss of usable circuit time. This re-
phasing should still be possible when using sub-divided
channels.

The only check for correct phase position required
by Recommendation No. 242 is that a request for
repetition (RQ) signal is received on each channel. It
is not specified where, in the repetition cycle, the RQ
signal should be, since this depends on which end of the
system originates the request for repetition, and also on
the propagation time of the radio circuit. Thus it is
possible for a phase position to be assumed that does not
overlap the original repetition cycle completely, causing
loss or gain of characters at the other end of the circuit
during re-phase.®

Unless the repetition cycle has some clear and un-
ambiguous pattern, so that a complete check of the
whole duration of the repetition cycle is made before
phase is assumed, it will clearly be impossible to avoid
errors. Recommendation No. 242 does not provide for
such a pattern.

Further thought will show that to avoid the additional
possibility of crossed channels under the condition of an
inadvertently inverted aggregate signal, it would be



necessary to produce a distinct pattern on the aggregate
of all the channels for the repetition-cycle duration. Such
a system could, therefore, be called a marked-cycle
system.

AUTOMATIC RE-PHASING
Methods of Detection of Out-of-Phase

For the detection of out-of-phase, a device known as
the 56 : 56 element count can be used. This is based on
the fact that, during the period of the repetition cycle,
a known total of X elements and a known total of Y
elements must occur on the aggregate signal. For a
4-channel (192-baud) ARQ system this would mean 56
X elements and 56 Y elements. Hence, correct counts
of X and Y elements indicate that the radio signal is
good; on the other hand a mutilated radio signal will
almost always give a different count. If the radio signal
is good and if the receiver-phase position is correct, an
RQ signal, AZZAZAA, must be received on each
channel during every repetition cycle; if however, the
RQ signal is not received on each channel then the
system must be out-of-phase.

As an alternative to the 56 : 56 count, the existence of
continuous errors, i.e. continuous repetition, on all
channels for an arbitrary period of either 10 seconds or
5 minutes may be assumed to be due to loss of phase.
In practice, since no loss of traffic occurs during re-
phasing, there is little disadvantage in phase-hunting if
electronic equipment is used, since the re-phase delay
and consequent loss of operating time is very short. The
use of arbitrary time-constants of 10 seconds or 5 minutes
is a matter for choice by the user.

Procedure for Re-phasing

Automatic re-phasing involves, first, detecting auto-
matically that the equipment is out-of-phase, and later,
checking that the stepping of the receiver scanning
relative to the received signal has resulted in the receiver
scanning occurring in the correct position. Usually
stepping takes place in one direction only.

Detection of Correct Phase

Detection of correct phase on the original electro-
mechanical equipments was achieved by checking only
that an RQ signal (AZZAZAA) was received correctly
on each channel. However, in addition, the presence of
any non 3 : 4 ratio character then occurring during the
repetition cycle on any channel can be assumed to be an
out-of-phase condition and each method can be used to
produce a step change of phase of one element. The
combination of the two methods is known as the tested
repetition cycle, and the sequence of the checking pro-
cedure is shown in the table.

The use of the tested repetition cycle gives rapid
phase stepping, which is important because with the
marked-cycle method of automatic phasing, described in
detail later, it may be necessary to step for the number of
elements of the whole cycle less one element, i.e. for a
2-channel system operating a 4-character repetition cycle
it may have to step a maximum of 2 X 7 x 4 — 1)
elements, i.e. 55 elements, but, on average, only 27 steps
will be necessary and this may be achieved in about
5seconds. Twice this period will be required for a
4-channel system, since the rate of stepping can only be
decided on the A and B channels, because the C and D
channels are element-interleaved and hence overlap the
character periods of A and B channels. Other methods
of phasing are, however, feasible.

Reduction in Error Rate Due to Use of Tested Repetition
Cycle

The use of the tested repetition cycle reduces the error
rate though it causes more repetition cycling to occur and
thus slightly reduces the telegraph circuit efficiency.’
Whether such improvement in error rate is necessary
must be decided by the user and may depend on the
type of service being provided, e.g. public message, telex
or leased circuit, and the nature of the radio link.
Although essential for correct phase detection, the tested
repetition cycle is optional during traffic, so a switch

Timing Relationship for Correct Phase—2-Channel ARQ System Using Marked Cycle
Sequence of Reception of Received Radio Aggregate Signal

Traffic Characters D i C (¢ : A G T RQ | RQ
Incoming Signal Ele- YYXXXYY } XYYXXYY XYYYXXY | XXYYXYX ' XXYYYYX YXXXYXY XYYXYXX} XYYXYXX
ments |
Receiver Checks 3:4ratio , 3:4ratio + 3 :4ratio | 3:4ratio R 4 ratio 3:4ratio  All elements | All elements
[ RECEIVER 4-CHARACTER REPETITION CYCLE >
Progress of Detection | 3 :4 ratio | 3:4 ratio| 3:4 ratio| 3:4 ratio|3:4 ratio|3:4 ratio The seven | The seven
of Correct Phase ! check is ‘ check is | check is | check is | check is | check is RQ ele- | RQ ele-
satisfactory | satisfactory , satlsfactory satisfactory , satisfactory | satisfactory | ments are | ments are
and pol-jand pol-|and pol-|and pol-|and pol-|and pol- | correct and | correct and
arity is erect | arity iserect ] arityiserect | arity is in- , arityiserect | arity is in- | polarity is | polarity is
| | " verted ! verted inverted inverted
! i
Decision by ARQ | This char- | This char- L This char- | This char- ’ This char- | This char- | This char- | This char-
Equipment | acter is ‘ acter acter is | acter is | acter is | acter is | acter is | acter is
, character 2 ‘ character 1 1 character 3 | character 2 , character 4 | character 3 | character 1 | character 4
t of channel | of channel | of channel | of channel | of channel | of channel | of channel | of channel
LA "B | A , | A B A B
! |
! Check 1 Check 2 ] Check 3 ‘ Check 4 . Check 5 Check 6 Check 7 Check 8
Notes:

1. Checks 1-8 together, i.e. the tested repetition cycle, show that the receiver is in phase with the incoming signal.

2. The sequence shown is that occurring when errors are detected at the local end.
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may be used to select whether or not the tested repetition
cycle is required to be effective during repetition cycles
for the correction of errors during the passage of traffic.

Control of Sequence of Re-Phasing

Since the detection of out-of-phase may be by means
of different devices at the opposite ends of the circuits
there is some merit in pre-arranging the sequence of
re-phasing the slave and master ends. In practice the
master transmitter decides the exact transmission speed
for the whole ARQ system, since the slave receiver locks
to the signal from the master transmitter and, having
locked, then imposes this speed precisely for transmission
between the slave transmitter and the master receiver. It
can be arranged that, to prevent the master receiver from
phasing until the slave has phased to the master trans-
mitter, the slave transmitter should send a detectable
error instead of the RQ combination. This detectable
error has been found to be easily identifiable for monitor-
ing purposes, where a 2-channel system is in use, if
“AAAAAAA” is transmitted instead of the RQ signal
when the slave is out of phase.

By preventing the master receiver from phasing until
the slave has phased, the danger of losing characters is
reduced. On the other hand the marked cycle com-
pletely avoids loss of characters anyway. However, the
cost of fitting the AAAAAAA transmitting device is very
small, and transmission of AAAAAAA by new type
equipment is advantageous when working to old equip-
ment not capable of operating the marked cycle.

THE MARKED-CYCLE SYSTEM

In 1958 Cable & Wireless, Ltd., introduced a system" of
rapid phasing, when the equipment is carrying traffic, with
a negligible probability of losing or gaining characters.
This system provided a marked pattern of character
polarity inversions for the aggregate signal and called for
the use of the tested repetition cycle described earlier.
This use of a marking pattern is termed the marked cycle
because the marking pattern of the sub-divider, i.e. the
inversion of the first of every four characters, is con-
veniently made the same duration as the repetition cycle
(normally four characters), as shown in Fig. 2. Tt will be
seen later that for certain purposes a longer repetition-
cycle duration is necessary and marking patterns for
4-character and 8-character repetition cycles have been
adopted, both of which are suitable for sub-dividing to
l.character rate and j-character rate sub-
channels. The pattern for an 8-character repeti-
tion cycle is shown in Fig. 3.

ter or 8-character repetition-cycle operation.

(7ii) It is comparatively simple to implement on
existing equipment by the use of the sub-divider inversion
characteristics and connexions to lock the phase of the
various distributors.

CHARACTER
DURATION

145§ ms=+-145 Fms v 145 gms
CHARACTER | CHARACTER | CHARACTER | CHARACTER

145 2ms~
CHARACTER CHARACTER

Y Y A3 A4 Al A2
| [ erect | Erect [ erecr
ANNEL A gL =7 e — = — — —
CHANNEL [ NverTED ] NVERTED

e SUB-DIVIDER CYCLE—=]
Al 1s a character onsub-channel 1. A2is a character on sub-channel 2, and so on

(@) Marking on Channel A by Inversion of Polarity of First Character of Sequence of
Four Characters Al. A2, A3 and A4 Repeated.

CHARACTER  CHARACTER CHARACTER CHARACTER CHARACTER CHARACTER

Bl B2 83 B4 Bi 82
e o ] [oeer ]
CHANNEL B INVERTED 7 IHVERTED T INVERTED
- SUB-DIVIDER CYCLE —————=

|
B1 1s a character on sub-channel 1, B2 is a character on sub-channel 2, and so on

() Marking on Channel B by Inversion of Polarity of Characters B2, B3 and B4
with Character Bl Erect.

MARKED CYCLE OF A & B CHANNELS

S
< 4 X145 ms DURATION -
_ e CHARACTERS
Al B4 A2 BI A4S A4 B3 ! Al
CHANNELS | |
ALB .
(AB DIPLEX) A,

(¢) Combination of (@) and (») to Form a 2-Channel Character-Interleaved Aggregate
Signal (Note that Character Al 1s followed by Character B4, and so on.)

MARKED CYCLE OF C & D CHANNELS

fa———— 4 X 453 ms DURATION

‘ CHARACTERS

‘ ﬁ
fct ol c2
CHANNELS [—1 r—%:
consmso v % m
{cD DIPLEX)

(d) Combination of Characters C2, C3 and C4 Inverted on Channel C and Character
D1 Inverted on Channel D to Form a 2-Channel Signal (Note that Character C1
1s followed by D1.)

t MS%ms AJ!
r CHARACTER Al ' CHARACTER B4 | CHARACTER A2

errThefuse Of:[ sucl}[ a n}laﬂ(_if:gg \Saétern t; Seeémit CHAAN:ELS “[an a2 s s aus[ais [ avr[ear [earz[pas [pa[oars[ears earraziy i
or-free automatic phasing was propo a
the Los Angeles meeting of the C.C.ILR. in
1959 and, as Report No. 108," was adopted
unanimously. 4 CHANNELS - e So
e R T TR

Advantages of the Marked-Cycle Pattern of WTERLEAVED™
Report No. 108 of the C.C.L.R.

The particular pattern proposed in Report No. __
108 has the following characteristics: C“‘CNE%LS e Teviz[cips[cwralcis[eisJew7Jovt Joirz[owsoiraTous Jowsour[ean] —

(@) It uses the same marking for the AB
diplex (see Fig. 2 (¢)), whether it is operating as
a 2-channel system or whether it forms part of
a 4-channel system (see Fig. 2 (e)).

(i) It is balanced, i.e. has equal numbers of
X and Y elements, under all conditions of 2-
channel or 4-channel operation, and 4-charac-
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CHARACTER C1 ; CHARACTER Ol : CHARACTER C2

fe——————— 4- CHARACTER MARKED CYCLE - 4XI45§-ms

(¢) Combination of Channels A, B, C and D to Form a 4-Channel Aggregate Signal.

Channels A and B are Interleaved Element by Element with Channeis C and D
so that the First Element A1/1 of Characters Al 1s followed by the First Element
C1/t of Character Cl, and so on.

FIG 2—FORMATION OF 2-CHANNEL AND 4-CHANNEL MARKED

CYCLE OF FOUR CHARACTERS



A A
CHANNEL A Az ] a3 T a4 | as ] a6 [ a1 T as JI__A_I___\
| SR A 4
8-CHARACTER MARKING SEQUENCE ON CHANNEL A (8 X 1453ms) — I
canEL 8 b/ B
LIV TSI MBS b X 5% A AT
OIPLEX AB A2 [ Bl [ A3 A4 AS A6 AT A8 I
LA LB B2 B3 B4 s 867 B
8-CHARACTER MARKING SEQUENCE ON DIPLEX AB (8 X 1453 ms)
Ceo ] T
CHANNEL C o ot e TR IR A = = = = =
K AEIR L BT X AU )
/oz]os[mjus[oslwloa]
CHANNEL D prorrsr——omd——— 1L % L % 1 0 1 1 O -
iz LoPL__]
{ Pvuin |
ct D2 D3 D4 D5 06 07 08 ] Ci
DIPLEX CD 7 Té L,
DIZA/C2 (5% c4 cs (of 7 c8 LTI
8-CHARACTER MARKING SEQUENCE ON DIPLEX CD (B X 1453ms) —
145§ ms
D:._'LLEE:E,‘?: (Y1 (YA VR CY2 EXVR S A CY B0 X E 2 0 X 2 e
:Eg:EAgETEEL ——NNnni'*mmoohh——QNIQI :IQlﬁnOoih——Ng e T
vl e S R R R R B E BB e EE SRR BB EEREREE R
INTERLEAVED ‘M]
DIPLEX CD i
ELEMENTS cijifesz]eisfeizafersfevefa/aoi oz otsJor/aJousfors[orrrJeanfears] i

[

8-CHARACTER MARKING SEQUENCE ON
4-CHANNEL AGGREGATE (B X 1453 ms)

FIG 3—MARKING PATTERN FOR 8-CHARACTER REPETITION CYCLE

The difference in the phase relationship between the
inverted characters in each diplex results in a unique
pattern that prevents an in-phase condition being
recognized when an inverted aggregate signal is received.
The chance of false phase being obtained when the
aggregate signal is inadvertently inverted somewhere
along its transmission path, e.g. at a radio station, is thus
overcome.

Automatic Sub-Channel Phasing

A further advantage of the marked cycle is that it
provides for sub-division on any or all channels, which
was virtually impracticable on more than one channel
with the original ARQ system, since each sub-divider had
to be phased individually after channel phase had been
obtained. This was because, with sub-dividing, one
character in four on the channel is inverted and the sub-
dividers had to be removed to obtain channel phase, then
replaced to allow the sub-channels to be phased.

When the marked cycle is used the pattern of repetitive
inversions can be produced economically by a single
device operated directly by the multiplexing of the ARQ
system, i.e. one device that will automatically phase
channels and sub-channels instead of independent sub-
dividing devices on each channel as were used with
Recommendation No. 242.

The use of this pattern generator on the main multi-
plexing equipment is facilitated if it can be part of the
basic design, but existing ARQ equipments can be
adapted to produce the marking shown in Fig. 2 by the

use of existing type sub-dividers or the addition of a
simple counting device simulating the sub-dividing. All
new equipment will be compatible, by means of a switch,
with old equipment, and, by suitable choice of master
and slave terminals, will provide improvement due to the
use of the tested repetition cycle even when the marked-
cycle system is not employed.

Performance of the Marked-Cycle Systein

Tests and experience in service have proved that the
use of the marking pattern proposed in Report No. 108
is a complete answer to the automatic phasing of channels
and sub-channels; the very rare possibility of an incorrect
phase position being produced by a combination of
particular characters on particular channel positions
has not been noticed, possibly since only one cycle
would ever be accepted before search would re-commence
for correct phase. The probability of such an occurrence
is many times less than the average error rate on a radio
circuit.

Equipments embodying the marked-cycle system have
been in use experimentally for 4 years and in commercial
production for 2 years.®'*" Operating experience has
shown (a) that the use of the marking-pattern generator
has both simplified and reduced the cost of the equip-
ment necessary to provide sub-dividing, and (b) that
automatic phasing of both channels and sub-channels
occurs in traffic without the loss or gain of characters
experienced with equipment designed solely to Recom-
mendation No. 242.
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ADDITIONAL METHODS OF IMPROVING THE ERROR RATE

Linking Channels

It is possible to improve the undetected error rate on
an ARQ system by linking the channels™ so that an
error on any channel causes a repetition cycle on all
channels. A fade on the radio path will probably affect
all channels, but there is a high probability that the first
channel to be affected will detect the fade as an error.
All the channels will then commence the tested repetition
cycle that will ensure that the radio path has recovered
before printing is resumed. Since this adds redundancy
to the effective protection a small reduction in the flow of
traffic will result.

Improved Design of Electronic Equipment

It has been noted that the use of electronic equipment
produces a lower error rate than electromechanical
equipment because the margin of acceptable distortion’
of the telegraph signal is appreciably higher for the
electronic equipment. This is a basic improvement in
detection efficiency and gives a directly improved per-
formance on radio circuits. Also, the transmitted
distortion of the aggregate signals from an electronic
equipment is much lower than that from an electro-
mechanical equipment, and this also produces a better
telegraph transmission performance.

Where the aggregate signals have to be carried over
land-line sections®™ using tandem d.c.-to-d.c. working,
appreciable telegraph distortion is liable to occur and,
in some circumstances (e.g. radio relays), the use of
synchronous regenerators may be advantageous. How-
ever, 1t must be remembered that such devices, as well
as the voice-frequency multi-channel equipments, add
further propagation delay to the ARQ circuit.

Circuit design now includes safeguards against the
failure of any one component causing mis-routing of
traffic between one customer and another, a condition
that could occur on some older designs.

EFFECTS OF LONG PROPAGATION DELAY

If h.f. radio links only were employed, the maximum
loop propagation delay between any two points on the
earth would be less than 300 ms. Allowing for equipment
timing delays, including a deliberate delay inserted (for
equalizing reasons) between the ARQ receiver and the
transmitter at the slave terminal and the use of the
repetition-request character, RQ, a repetition cycle of
four characters would suffice at all times.

In practice this repetition cycle can be employed on
most routes even where significant terminal equipment
and land-line delay is also incurred, but there are the
following special conditions that require a longer
repetition cycle:

(a) A radio circuit comprising two links relayed at an
intermediate point, and for which the use of a regenera-
tive repeater 1s advantageous (adding delay).

(b) A radio circuit connected to a submarine telephone
cable circuit, it being advantageous for error-correction
and telex-call-timing purposes to provide ARQ over the
tandem circuit. The propagation velocity of the cable
(about 100,000 miles/sec) is appreciably lower than that
of radio (186,000 miles/sec.) and, furthermore, additional
delay is inevitably introduced by the voice-frequency
channelling equipments.’

(c) Possibly, if a satellite radio link forms part of a
tandem link with h.f. radio.
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To cater for these conditions a new channel storage
unit is being developed that will provide for either
RQ + 3 stored characters or RQ -+ 7 stored characters
in the repetition cycle. Since only a limited number of
circuits will require RQ -+ 7 characters the use of the
new units will be optional.

In setting up the circuit initially, it is desirable to
assess the amount of propagation delay not taken up by
the radio-circuit loop, and some ingenious devices have
been developed by different manufacturers to indicate
this delay.

EXPLOITATION OF ARQ

The original concept of ARQ was to improve the
performance of existing radio telegraph circuits. How-
ever, the demand for more and more radio telegraph
circuits has made it necessary to exploit frequency-
division equipment® and other devices to give more
circuits and then to apply ARQ to maintain a satisfactory
performance. Whereas, prior to the use of ARQ, a
radio link gave a fairly satisfactory performance, where
a skilled operator was employed on, say, single-channel
frequency-shift keying' of the radio-frequency carrier,
such a radio system would now probably be converted
to independent-sideband operation (i.s.b.) and might
carry telephone circuits as well as six or more 96-baud
voice-frequency telegraph channels, each carrying a
2-channel ARQ system. The reduction of transmitted
radio-frequency power and bandwidth per telegraph
circuit is considerable, and yet ARQ enables a satisfactory
error-rate performance to be maintained. The operation
of additional telegraph circuits over an existing radio link
by frequency and time division can soon prove economic.
but until the ARQ equipment reached a high standard of
electronic design and automatic operation®* the cost of
maintenance was appreciable.

There is no doubt that modern designs show great
savings in maintenance, the reduction in the number of
relays being the main factor.

CONCLUSIONS

Using the marking pattern set out in C.C.I.R. Report
No. 108 it is possible to design equipment, based on
principles developed from C.C.ILR. Recommendation
No. 242, that can phase automatically in traffic, without
loss or duplication of characters and having the following
operating characteristics:

(a) Rephasing in traffic can be achieved in an average
time of about 5 seconds, for a 2-channel system.

(b) Fully automatic sub-channel phasing in traffic can
be obtained, which greatly simplifies sub-channel
operation.

(c) The arrangement of channels is compatible with
existing practice when using sub-divided channels.

(d) By the use of the tested repetition cycle in traffic a
useful reduction in undetected errors can be achieved.

(e) The marking pattern for the A and B channels does
not change with 2-channel or 4-channel operation.

(f) The element count for out-of-phase detection
always comprises an equal number of X and Y elements.

It 1s, in nearly all instances, possible to introduce the
marking pattern, proposed in Report No. 108, without
difficulty on equipment conforming to Recommendation
No. 242. Since the issue of Report No. 108 in 1959.
many equipments incorporating these facilities have been
manufactured and the system has been proved in service.



Automatic phasing is due largely to the advent of
electronic ARQ equipment that in itself has also made a
great improvement in reliability and some improvement
in performance of ARQ equipment on radio telegraph
circuits.

After 10 years of use on radio telegraph circuits all
over the world the automatic error-correction system
invented by Dr. Van Duuren, now improved to give
virtually unattended operation, provides a standard of
error-rate performance of radio telegraph channels
approaching that of long cable circuits.
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APPENDIX 1

Terms Used in Relation to Multi-Channel ARQ Systems

ARQ System: A system employing an error-detecting code and
so arranged that a signal detected as being in error automatically
initiates a request tor re-transmission of the signal so detected.

Aggregate Signal: The synchronous signal produced by com-
bining the channels. For a 2-channel ARQ system this would
comprise seven elements of channel A keyed erect followed by
seven elements of channel B keyed inverted in polarity.

Balanced Aggregate Signal: A signal containing equal numbers
of X and Y elements.

Character Cycle: The sequence in which each channel has com-
pleted one character on the synchronous path.

Repetition Cycle: The sequence of characters (normally four)
required by the loop propagation time to provide automatic
repetition of traffic.

Marked Cycle: The sequence of characters after which the
character marking pattern is repeated. The marked cycle is of
the same duration as the repetition cycle.

Marking Pattern: A pattern of inversions of particular characters
over a marked cycle.

Tested Repetition Cycle: Check of all the elements of the RQ
signals and a ratio check on all characters of a repetition cycle.

RQ Signal or Signal 1: The 7-unit combination AZZAZAA
used to request a repetition. Also this signal is always transmitted
before a character is re-transmitted.

Tested RQ: Check of all the elements of the RQ signal and a
ratio check on those characters that follow the RQ signal within
a repetition cycle.

Gated RQ: Check for the presence of an unmutilated RQ signal
during a repetition cycle.

Element Synchronism: Synchronism of elements exists when an
element of the local timing completely coincides with an element
of the received signal.

Phasing: Situation in which a station is hunting for character
or marked-cycle phase. This action is by step changes of one or
more elements.

Character-Cycle Phase: Correct phase of characters exists
when a character cycle of the local timing completely coincides
with a character cycle of the received signal.

Marked-Cycle Phase: Marked-cycle phase exists when the
marked cycle of the local timing completely coincides with the
marked cycle of the received signal.

Manual Phasing: Phasing by manual action only.

Semi-automatic Phasing: Phasing completed automatically after
initiation by push-button.

Automatic Phasing: Phasing completed automatically, after
automatic detection of ‘‘out-of-phase.”

Mutilation: A change or changes in the polarity of received
signal elements, due to aberrations on the path.

Transposition: A mutilation which causes no change in the
total number of Z or A elements in a character of the received
signal.

Time Delay per Route (or End-to-End Time Delay): Sum of
radio propagation and circuit time delays in one direction of a
route.

Total Loop Time Delay: The sum of forward and backward
delays of a route.

Sub-Divided Channel: A part-rate teleprinter channel that is
allocated either. 1 or 1 of the character rate of a normal channel.

Synchronizing: The action of adjusting element-synchronism
(by step changes of fractions of an element).

APPENDIX 2

Polarity Convention
The terms “polarity Z” and “polarity A” are used with reference
to the signal elements of 7-unit code combinations. Since, how-
ever, these polarities are subject to further inversions in the
multiplex system, the following terms are used in this article:

7-Unit Code Aggregate Signal
Erect Where Inverted

A Y X

Z X Y

In the United Kingdom, X is negative polarity and Y is positive.

In a 7-unit character the four elements of the same polarity
correspond to elements of A polarity of the basic code, while the
three elements of the opposite polarity correspond to Z polarity.

For radio-frequency-shift keying, the higher radio frequency
corresponds to Y polarity and the lower radio frequency to the
X polarity. For 4-frequency diplex operation, the relationship
between the radio frequencies and the X and Y polarities is as
follows:

Radio Frequency Channel 1 Channel 2
Highest (f,) Y Y
Second highest (£3) Y X
Second lowest (f3) X Y
Lowest (f,) X X
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Pressurization of Telecommunication Cables

Part 1—Principles of Gas Pressurization

J. R. WALTERS, J. F. KEEP and J. F. CRAGGS?

U.D.C. 621.317.333.41:621.315.211.4

This article, which will be published in four parts, describes the

application of gas under pressure to telecommunication cables.

Pari 1 discusses the principles of gas pressurization of cables.

Parts 2-4 will describe the equipment used and the operation of

gas-pressure systems. Fault-locating techniques will also be
discussed.

INTRODUCTION

HERE are two main reasons why the application of

gas pressure to telecommunication cables in the

United Kingdom has proceeded rather slowly.
Firstly, the demand for service during and since the war
has resulted in the employment of a large part of the
available labour force on extensions to the main and
local cable networks and on similar development work.
The second reason is the success of present maintenance
methods involving regular (or continuous) insulation-
resistance testing and highly developed techniques of
insulation-fault location and repair well before service is
affected. A well-organized fault-repair service has been
available at short notice and, because of the practice of
placing cables in ducts and providing jointing points at
short intervals, it has become normal practice, unless
localized mechanical sheath damage has occurred, to
replace faulty lengths of cable between jointing points
without the need to spend time in locating sheath failures
to within very close limits.

However, the demands made on the cable network by
subscriber trunk dialling, the increased traffic capacity of
modern high-frequency cables and the importance of a
high standard of continuity of service have now made it
quite certain that the pressurization of main, junction and
local cables is amply justified. It is well to remember that
in spite of high standards of insulation resistance, at least
one sheath fault is brought to light in every 3 miles of
trunk and junction cables as they are pressurized, and
substantially more sheath faults are found in the local
cable network.

First attempts to pressurize cables in this country" at
the beginning of the present century appeared to be
aimed solely at desiccating paper-core cables with
compressed air dried by means of calcium chloride, and
air compressors together with desiccating cylinders were
installed at a number of telephone exchanges for this
purpose. At about the same time compressed gas was
applied to trunk cables in Stockholm,? but the difficulty
of tracing and plugging all the leakages found appears to
have discouraged further experiments until the idea of
pressurizing a cable and providing an electrical alarm
system to indicate a decrease in pressure at any point
along the length of cable was conceived in America about
1926.°

Until about 1956 static-pressure (or constant-pressure)
systems using nitrogen or dry air at a uniform pressure
throughout the length of a cable were used. Hence, the
cable had to be completely sealed before the gas-pressure
system was brought into regular service, but provision

+ External Plant and Protection Branch, E.-in-C.’s Office.
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was usually made for periodically bringing the pressure
back to its initial value to compensate for any slight loss
of gas or air occurring after all traceable leaks had been
found.

A more recent development in North and South
America, Australia and also in many European countries
is the continuous-flow method using dry air usually
provided by means of a compressor. Small leaks are
left until they develop into more significant leaks; they
can then be cleared in normal working time as part of a
routine maintenance program. Suitable devices are
provided to indicate the amount of air flowing into the
cables (or to indicate an increase in air consumption) and
to indicate the pressure at points along gas sections.
Since leakages are permitted, there is a fall of pressure
along sections of cable, and this will depend on the
position and size of the leakages, but the minimum
pressure at any point must still be sufficient to ensure that
water does not enter the cable.

In Great Britain the experimental pressurization of
trunk and junction cables in 1930 and in 1950 has already
been described.* The gas-pressure system on seven
cables at Leatherhead telephone exchange has now been
working satisfactory for more than 12 years, and in
1953° it was decided that all new coaxial and balanced-
pair cables should be pressurized. In 1958 work was
commenced on the pressurization of all main and
junction cables in the Cambridge Telephone Area.

A series of local-cable pressurization experiments was
commenced in 1957 in seven telephone exchange areas.
The object was to develop suitable equipment for a
continuous-flow system and to assess the economic
advantages of pressurization as applied to subscribers’
cables. A total of 101 miles of cable was pressurized and
197 leaks were traced during the installation period.
Fig. 1 shows the improvement due to pressurizing some of
the cables in five of the exchange areas; in most of these
areas pressure is applied only to cables between the ex-
change and cabinets. Complaints per underground circuit
per annum are indicated for quarterly periods from 1956
to 1962. All cable faults are shown, including conductor
faults and faults in cabinets and pillars; pressurization
can, of course, only lessen the incidence of faults caused
by water penetrating the cable sheaths. The fault rate is
shown for each of the exchanges for a period before and
after pressurization was applied, and it would appear
that a fault incidence of about 0.1 complaints per
underground circuit per annum can be expected after
the cables have been pressurized. The graphs also show
that the random high fault rates due to periodic failures
of large underground cables have been significantly
reduced.

COMPARISON BETWEEN STATIC-PRESSURE AND
CONTINUOUS-FLOW SYSTEMS
The static-pressure system can provide better insurance
against loss of service on long cables, but it entails
greater expense both in tracing all leakages in the system
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FIG. 1—EFFECT ON FAULT COMPLAINTS OF PRESSURIZING CABLES
IN FIVE EXCHANGE AREAS

when pressure is first applied and in dealing promptly
with all subsequent leaks. The additional expense is
thought to be justified for main and junction cables, but
certain limitations must be noted.

In addition to the expense of maintaining a leak-proof
system, the main disadvantage of the static-pressure
system is that no external supply of air is automatically
available to maintain pressure in a cable in the event of a
leakage following major damage to the cable, e.g. its
complete or partial severance, although a large reserve
exists in the cable because of the high overall pressure.
On receipt of an alarm, attention by maintenance staff
is needed to re-establish the pressure by connecting an
air supply. The location of the leak can then follow when
convenient.

The volume of air required for a static-pressure
system is substantially less than for a continuous-flow
system (except for the initial charging period), but, if air
cylinders are used, reserves must be provided both to
guard against delays in delivery and because of depen-
dence on a restricted source of supply. Provision must
also be made for regularly handling and storing heavy
cylinders, for tracing and returning empties, and for
dealing with accounts.

The main disadvantage of the continuous-flow system
is the need for large uninterrupted supplies of dry air.
This usually involves the permanent operation of
electrically-driven compressors with associated desiccat-
ing equipment. Careful siting of pressure gauges is also
required to ensure a minimum safe pressure at remote
ends of gas sections. Because of the difficulty of supplying
air to a leak through 4 or 5 miles of cable, the advantages
of a continuous supply of air may be of limited value for
trunk and junction cables.

It is possible that the best of both systems might be
achieved if all cables terminating at an exchange were
first pressurized by a continuous-flow technique and
then the leaks were traced as time and labour permit.
The trunk and junction cables could thus be raised to the
standard required for a static-pressure system. This
procedure is only to be recommended, however, if it is
expected that a long period will elapse before it will be
possible to complete the fault-locating operation, because,
in filling a cable from one end only, long delays occur
between the *clearance of one leak and the passage of
sufficient air past that point to enable the next leak to be
located. It is more practicable to combine filling with
fault clearance and to fill the cable in steps of several
loading-coil sections, clearing the major leaks before
finally coupling all sections together.

APPLICATION OF PRESSURIZATION TO LOCAL,
JUNCTION AND TRUNK CABLES
Local Cables

The layout of local cables is usually complicated by
many changes in cable size, and the pneumatic resistance
(see Appendix) of such cables is high; at a distance from
the exchange where the numbers of conductors in the
cables are small the pneumatic resistances are particularly
high. At such points access to the cables is usually rather
difficult and, in many instances, the cables are linked
together by tie cables.

However, the primary networks between exchanges
and cabinets utilize large-diameter cables that are easy
to pressurize to good effect, since faults can thereby be
avoided in cables containing large numbers of working
circuits. More gas seals are required in the cables
between cabinets and pillars and a higher standard of
sealing is necessary in order to ensure a sufficient supply
of air in the event of a large leak or a continuous supply
of air to the smaller Ieaks.
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The small distribution cables between pillars and
distribution points (d.p.s) are often subjected to much
mechanical disturbance, with consequent sheath failures,
and they are also the most difficult and expensive to
pressurize because, in many instances, the cumulative
pneumatic resistance from the exchange is high.
Fortunately, each sheath failure affects relatively few
circuits.

In such circumstances the advantages of pressuriza-
tion as applied to local cables can best be attained by
concentrating on the cables between exchanges and
cabinets and leaving the rest of the cable network, unless
local conditions clearly show the desirability of pressuriz-
ing from an exchange to pillars or to selected d.p.s. It
may be found expedient to pressurize such cables at a
later stage.

With the continuous-flow system applied to a local-
cable network, an average permanent air flow of up to
about 0-2 ft*/hr at 9 Ib/in® into each cable is thought
to be satisfactory. When the flow exceeds about 0-6 ft*/hr
on any cable attempts are made to trace the major leaks.
Increases in the rate of flow of air into a cable can indicate
a general deterioration in the condition of the sheath or
the occurrence of a large leak close to the exchange, but
the condition of the cable is indicated more clearly by
a fall in pressure at any point in the system.

In the Post Office continuous-flow system a pressure
of 9 Ib/in? is maintained at the exchange, and a working
pressure of 31b/in? at remote cable ends is considered
adequate. Alarm arrangements are made to indicate
when the working pressure at cable ends falls to about
2 1b/in2. Intermediate pressure gauges in the cable are
set to operate at higher pressures, the settings being de-
pendent on the length of the gas section. In practice, the
setting of pressure gauges is determined by reference to a
suitable chart (Fig. 2).
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Most of the cables in the local-cable network between
cabinets, pillars and d.p.s lie in dry or moist ducts or in
not more than one or two inches of water. In such cir-
cumstances small leaks could be safeguarded with an
internal pressure of less than 1 1b/in?%, and this protection
is in practice occasionally extended beyond cabinets if
the fault history is particularly bad.

Trunk and Junction Cables

The pneumatic resistance of trunk and junction cables
is relatively low, and the terminations at the ends and on
any branch cables are easily accessible in exchanges or
repeater stations. Usually there are fairly long sections
in which the cable size remains unchanged, and the cables
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are more readily pressurized to a substantially leak-proof
standard. An interim maintenance standard has been
adopted for cables over 3% miles long: during a period of
I month the absolute pressure in the cable at any point
at which a pressure gauge is provided should not fall by
more than 11b/in% In general, it has been possible to
maintain cables to this standard with no great difficulty.
but there are objections to specifying a permissible
leakage by the rate of fall in pressure at a remote point,
as a small fault near a gauge would cause the pressure
indicated by the gauge to fall at a much quicker rate
than would be caused by a leak at a distance from the
gauge. It may eventually be necessary to relate the
permissible rate of leakage to the position of the leak as
determined by initial tests.

The alternative of specifying a permissible flow of air
into the cable is not attractive because of the possibility
of long lengths of cable causing the flow to be reduced
between a leak and any feeding point.

Pressure-indicating devices are provided along the
length of a pressurized cable. A pressure gauge with
electrical contacts that can be set to operate at any
required pressure is usually provided where the cable
terminates or is accessible at an exchange or repeater
station, and contactors (i.e. pressure-sensitive alarm
relays that operate when the pressure falls to a predeter-
mined value) may be fitted in cable joints along the route
if a suitable building for mounting a pressure gauge is not
available. Generally these alarm devices are provided at
distances of between 5 and 9 miles, depending on the
pneumatic resistance of the cable.

Air for filling and topping-up purposes is normally
obtained from compressors at the larger repeater stations
and exchanges at which the cable or its spurs terminate.
Cylinders of compressed air are provided for emergency
use at selected staffed buildings.

Although there are advantages to be gained from
coupling a number of cables together at their termina-
tions, this practice tends to make it difficult to readily
identify a leaking cable from a group of several cables.
It is also impossible to make any extensive use of routine
gauge readings taken at regular intervals of time.
because the effect of a large leak in one cable may be
masked by the reservoir of air provided by the leak-free
cables. Itis the practice, therefore, to provide individual
pressure gauges and to maintain each cable as a separate
gas-pressure system.

Carrier and coaxial cables are connected at intermediate
repeater stations in such a manner that under normal
operating conditions they are connected pneumatically
from one section to the next. This practice facilitates
fault locating and avoids a large number of end sections.
Faults near ends of cables are difficult to locate; con-
necting through also ensures that a leak near an inter-
mediate station will be supplied with air from both
directions.

System Adopted

The Post Office is now engaged in an extensive pro-
gram of pressurization of main, junction and subscribers’
cables at all large telephone exchanges. In the system
that has been adopted air compressors, desiccators and
rack equipments are provided for all the cables terminat-
ing at these exchanges, and a particular feature of the
system is that facilities for constant pressure are provided
for main and junction cables and continuous flow is used
for the local cables.
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APPENDIX
The Flow of Gas in Cables
Prneumatic Resistance

The air space in conventional types of cable occupies between
50 per cent and 70 per cent of the total volume of the core and,
although the air paths through the core form a tenuous pattern,
the aggregate resistance to the flow of air is sufficiently uniform
to permit reasonably accurate estimates of the positions of leaks
to be made.

When comparing the rates of flow of compressed air through
lengths of uniform cable of various types the following approxi-
mate relationship is used:

F = P|R,

where F = quantity of air discharged from the cable measured in
ft3/hr at atmospheric pressure,

P = total pressure-drop along the cable measured in
1b/in?,
R = total resistance to flow of air measured in units of

pneumatic resistance (u.p.r.).

The relationship between fall of pressure and pneumatic
resistance is assumed to be linear at all pressures likely to be
applied to telecommunication cables, but the pressure distribu-
tion along a uniform cable freely discharging into the atmosphere
1s shown in curve A of Fig. 3 and is influenced by the lack of
streamline conditions near the leak and by the change in friction
experienced in the cable as the density of the air decreases as the
pressure drops.

The shape of the pressure curve is changed when cables of
different pneumatic resistance per unit length are joined together
and compressed air is passed through the cable. An example of
the change in slope observed when cables of low pneumatic
resistance are joined to cables with a higher pneumatic resistance
is shown in curve B of Fig. 3. In the example shown continuous
pressure is applied at one end of a cable with low unit pneumatic
resistance and a leak is simulated at the far end.

In general, uniform gradients are observed when pressure
measurements are made on trunk and junction cables because
there are long lengths of the same type and size of cable. More
uneven gradients are usually measured in local-cable distribution
networks, but allowance can be made for the effects of these
variations in pneumatic resistance, and records of the pressures
can be kept for each continuous-flow scheme to indicate such
changes.

Pressure Gradients Caused by Leakages

The effect of a single leak on the pressure distribution curve
along a uniform cable normally maintained at a static pressure
of about 9 1b/in? is shown in Fig. 4. Because air flows to the point
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A—Pressure gradient along uniform cable with large leak at far end.
B—Pressure gradients along cables with different pneumatic resistances and with
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FIG. 3—PRESSURE GRADIENTS ALONG CABLES WITH LEAKS
AT FAR END

of leakage from the supply stored in the cable on either side of
the leak, two characteristic curves are produced. The point of
intersection of these two curves indicates the pressure within the
cable at the leakage and the slope of the curves steadily changes
as the pressure falls, the rate depending on the size of the leak,
the pneumatic resistance of the cable, the quantity of air remaining
in the core and the position of the leak. Pressure curves are
shown for 1 hour, 1 day and 4 days after a leak in the cable sheath
has occurred.

A small leak from a composite coaxial cable or similar cable
with very low pneumatic resistance per unit length will produce
shallow pressure gradients because the pressure throughout the
cable can equalize reasonably quickly. A similar leak from a
cable with a high pneumatic resistance per unit length will pro-
duce a much steeper gradient near the leak, and with such cables
there is a danger when leaks occur that air stored in the sheath in
the vicinity of the leak will be discharged at a greater rate than it
can be replenished from remoter sections of cable. The pressure
at the leak may then fall appreciably while it remains high at
points 2 or 3 miles distant.

When the pressure of the air inside the cable at the fault point
falls to less than the pressure of the head of water outside the
cable, water will penetrate the sheath perforation and cause
damage to the core. With small perforations the pressure of the
air at the hole is uniform and equal to the pressure at the cable
core, but with holes larger than approximately {s in. diameter
(dependmg on the pressure in the core and the pneumatic resis-
tance of the cable) the pressure in the middle of the hole will be
less than at the circumference and this will be partly due to the
presence of the core wrappings. There is a similar variation of
air pressure at longitudinal fissures or cracks.

To ensure that water does not enter the cable, pressure gauges
with alarm contacts or pressure-sensitive contactors are fitted to
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the cable at intervals. These devices are set to operate at what is
considered to be a minimum safe working pressure for the cable,
an allowance being made for the pressure necessary at the middle
of perforations. If possible, some allowance should also be made
for cable sections where the pneumatic resistances are high and
where air needed to stop the ingress of water is likely to be
restricted.

The distribution of pressure along a cable continuously supplied
with compressed air at constant pressure from one end only and
leaking at one point is shown in Fig. 5. In this instance a pressure
gradient is maintained along the section to the leak whilst the
pressure beyond the leak eventually falls to the pressure within
the cable at the point of leakage, the curve then remains constant
unless the size of the leak increases. This type of pressure gradient
is produced when continuous-flow pressurization is applied to
local cables, using pressure equipment installed at the exchange,
and a similar gradient is obtained when a leak occurs near one
end of a trunk or junction cable having a static-pressure system.
The procedure when searching for leaks in these circumstances
is to investigate abrupt changes in pressure gradient that cannot
be accounted for by changes in pneumatic resistance of cable
sections.
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Voltage Incidence and Duration Counter

U.D.C. 621.317.32:621.391.823

S a result of the introduction of 50 ¢/s a.c. electrified

railway systems, a need arose for a method of

recording the magnitude and duration of the 50 c/s
and the psophometric interference voltages induced in
Post Office circuits by such railway systems. These
voltages are variable in magnitude and duration, since
they depend on train position and load current. Attempts
to use recording voltmeters showed that, unless a high
paper-speed was used, duration could not readily be
measured; high paper-speed is, however, inconvenient to
use for prolonged periods and, at any paper-speed,
analysis of the results is laborious.

Measurements of both 50 c/s and psophometric
induced voltages were required, and these voltages were
first converted into d.c. voltages, the former by a simple
filter-and-rectifier network and the latter by using a
psophometer modified by the addition of a magnetic
amplifier giving an output in the range 0-10 volts d.c.
The method adopted to record the magnitude and
duration of the interfering voltages was to count the
number of occasions and the length of time that the
derived d.c. voltages fell within preset limits.

The counter used for the above purpose consists of a
number of balanced d.c. amplifiers used as voltage-
detectors so that the duration and incidence of different
levels of the interference voltages can be recorded
separately; the prototype in use at present has four such
amplifiers. The inputs of all detectors are joined together
as shown in the figure, but there is an adjustable negative-
bias voltage applied individually to the input of each
detector, so that the net input to each detector is the
algebraic sum of the input signal and the negative bias.
Relay A, connected between the anodes of V2A and V2B,
operates when the net input voltage is positive, the
rectifier MRA preventing its operation when the voltage
is negative. The adjustment of the bias is used to preset
the voltage at which the relay will operate, the maximum
value being 15 volts. Associated with each detector
circuit are two counters (telephone-exchange type sub-

264

scribers” meters); the operation of the anode relay
operates the “occasions’ meter once, but the other meter
is stepped once per second until the anode relay releases.
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The simple d.c. amplifiers used have proved to be
stable and give a differential between operate and release
input voltages of less than 0-2 volt; this differential is
independent of the operate voltage-setting. Rectifier
MRB and capacitor C1 are used to increase the operate
time-lag so that inaccuracies due to short transients are
reduced.
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are at 1us separation and sampling occurs at 100 us
intervals, giving a pulse repetition frequency of 10 kc/s
and 100 channels in the multiplex. The principle is
illustrated in Fig. 2. Speech from source A is sampled
10,000 times a second by pulse train P; at modulator
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FIG. 2—PRINCIPLE OF TIME-DIVISION MULTIPLEX

gate MA, which is connected to the highway. Sources
B and C are similarly sampled but by different pulse
trains, Pp, and P, the interleaved modulated pulses
appearing on the common highway. The broken lines
show the original waveforms that can be reconstructed
from the modulated pulses at the receiving end of the
system.

An exchange consists of a number of such highways,
each highway serving a group of lines, i.e. subscribers
and junctions. Since each highway in a multi-group
system can carry between 60 and 65 Erlangs of traffic the
number of lines in a group is variable from about 200 to
1,000; at Highgate Wood the maximum number is 800.

All the highways are fully interconnected by means of
switching gates. Separate highways are used for inward
and outward transmission so that each line requires a
4-wire/2-wire terminating set. The inward highway of
each group is connected to the outward highway of
every other group as shown in Fig. 3 which illustrates
the basic trunking, omitting the setting-up apparatus and
the controls.

A speech path from a subscriber in group 1 to a
subscriber in group 2 using pulse channel P can be
traced from modulator gate MA of the line A in group 1,
via the inter-highway gate G, to demodulator gate DB
of the line B in group 2. A similar path for the speech
in the reverse direction can be traced via the gates
operated at pulse time P + 50 (P and P 4 50 mean a pair
of pulses half the multiplex cycle time apart, i.e. 50
channel-pulse times apart; such pulses are said to be in
antiphase). The reason for using a different pulse
position for each direction of transmission is to avoid
speech from either line being received by both and
appearing as high-level sidetone in the speaker’s instru-
ment. Any pair of pulse trains would have served for
this purpose but it is convenient to maintain a fixed
relationship between them.

DESCRIPTION OF T.D.M. ELECTRONIC TELEPHONE EXCHANGE

To set up a speaking path in a t.d.m. switched-highway
system it is clear that control and setting-up apparatus is
necessary

(i) to detect when a new call is initiated,

(ii) to receive instructions dialled by the caller,

(iif) to select the required line terminal,

(iv) to select a pulse channel which is free and avail-
able to both the calling and called line, and

(v) to establish the required connexion and maintain
it until release conditions are signalled.
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succession while a call is being set up: a pulse P for
detecting the call, a pulse Py to make the register con-
nexion, and a pulse Py to complete the conversation path.
Of these pulses only pulse P, is fixed and not available
for all types of connexion.

Supervisory Equipment

All operations in the exchange are dealt with on a
one-call-at-a-time basis, a feature made possible by the
speed of operation of electronic components. In the
supervisory equipment, which controls the application of
tones and signals to the highway channels and which
detects the answer and release conditions, each multiplex
channel in the exchange is scanned for 1us at 900 us
intervals. The equipment at Highgate Wood uses a
number of 900 us delay lines in a parallel arrangement.
These act as stores for all the information relating to the
highway channels, each channel being given a particular
time position in the stores. The equipment is thus
capable of looking after 9 X 100 channels, i.e. a 7,200-line
exchange having 800 lines per group. At each channel
position in the stores there is recorded a coded pattern
indicating the state of a particular call. The pattern
changes as the call progresses and logic-circuit elements
deduce from these changes the action to be taken, e.g. to
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outputs to the system. The routiner’s test cycle enables
it to test the functional operations of both equipments,
e.g. the operation of the delay-line stores, while the
registers are carrying live traffic.

The control equipment for the drum is designed to
cater for a three-group system but, since the exchange is
opening with a single group, each of the group equipments
of the drum is arranged to deal with one third of the
subscribers’ lines. In addition a fourth equipment is
provided as a standby that can be switched in place of
any of the others in the event of a fault.

In the exchange as a whole, some routiners may be
performing functional tests of the section of the equip-
ment they serve while others are testing the system during
system time. With this routining method, and having
regard to the complexity of the information-exchange
paths interconnecting the various parts of the system,
it is inevitable that a single fault may be indicated by
more than one routiner. For this reason all indicated
faults are referred to an exchange-fault analyser (right-
hand rack in Fig. 11), which analyses the information it
receives and decides on the appropriate action to take.
This may involve resetting certain of the routiners and
the initiation of a series of tests in a preferred order,
checking that the appropriate spare equipment has been
switched in, and inaugurating a series of test calls.
Catastrophic failures, if any occur, will result in the
exchange being switched to the electromechanical
standby.

EQUIPMENT AND COMPONENTS

The equipment is mounted on 10 ft 6 in. racks, each
suite of racks being terminated by an end panel housing
the power distribution for the suite. The tops of the
racks are connected by hoses to the ventilation trunking,
through which the hot air is exhausted by means of
ventilation fans; this feature is necessary because of the
large numbers of hot valves employed in the system,
design having commenced in 1956 before sources of
reliable transistors were available.

Various types of equipment modules have been used.
This is to some extent dependent on whether valve or
transistor circuits have been used, but, in addition, the
opportunity has been taken to try out different types of
equipment practice. In some instances equipment units
consist of similar circuit elements, e.g. toggles or gates,
these being interconnected by cross wiring at the back of
the racks to give the required circuit sequence. In other
cases the equipment giving a complete facility is wired
as a unit or made up from an assemblage of small unit
cards.

Since equipment practice can profoundly affect not
only the factory production but also the ability to trace
and clear faults when the equipment is in service it is
obviously desirable that these various ideas should be
subject to field trial.

The table shows the approximate total numbers of
the various electronic components used.

Electronic Components Used at Highgate Wood
Electronic Exchange

Valves " 3,000
Transistors [ 26.000
Diodes ! 150.000
Resistors 148.000
Capacitors 50,000
Total Components ‘ 377,000

These totals are, of course, far in excess of the actual
requirements for Highgate Wood; this is due to the scope
of the experiment specified when the development was
first authorized. So far the failure rate of the components
appears to be low and, although up to the present many
of the failures can be attributed to ‘“working-party
faults,” a fault rate of less than 1 per 2,000 components
per annum is confidently expected.

INSTALLATION

Deliveries of the equipment commenced early in 1961,
the last rack being received in August of that year. In
the course of the design and manufacture it was decided
that, since the operation of a multi-group system had
been proved on the model at the Post Office Research
Station, it would be sufficient initially to provide a
single-group transmission system for Highgate Wood
but, apart from this, most of the common control would
be capable of serving a very large exchange.

The commissioning of the equipment was undertaken
by a team which included representatives from each
member organization of J.E.R.C. Due to the wide
variety of techniques and equipment practice involved
and the diversity of the common-control apparatus, the
task of the team was many times more arduous than the
normal commissioning of an established system. Never-
theless the work was accomplished in about the same
time that it would have taken to install standard equip-
ment, and the first effective call from a standard sub-
scribers’ station was passed through the exchange on
25 September 1962.

CONCLUSION

During the design and construction of this experimental
equipment many lessons have been learned which will
prove of great value in the design of future electronic
systems. So far the component failure rate has been very
low, and although fault tracing is not easy it is clear that
substantial improvements in this respect will be possible
in future designs.

In a develdping art such as electronic switching, rapid
developments of new techniques and components are to
be expected and already much of the Highgate Wood
equipment is obsolescent. Nevertheless the skill and
knowledge now acquired by the telecommunications
industry could not have been gained except from the
experience of building and commissioning a working
exchange.
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Bock Reviews

“Radio for Examinations.” H. I. F. Peel, M.Sc.Tech..
A.M.LE.E. Cleaver-Hume Press, Ltd. vii+ 364 pp.
277 ill. 55s.

This is a ““cram”™ book, of the type favoured by university
students desperately trying to revise an enormous syllabus
in the short term before their final examinations. The more
conscientious tutors will disparage it, because they will take
the idealistic view that students should distil their own notes
from a wide range of reading. In this book, however, the
student’s work has already been partly done—that is, if he
is taking radio as a subject for a degree, or in City and
Guilds of London Institute advanced telecommunications,
or perhaps in an I.LE.E. examination. A wide range of items
is presented in the concise unambiguous form that would be
expected by university examiners. The treatment is largely
analytical, mathematics being freely used as is to be
expected in a book for students of degree standard. The
analyses are all of traditional type, however, and the author
makes no claims to originality in this respect.

Probably all the technical content of this book could be
found in various places in text books or articles, but Mr.
Peel’s readers will find that he has not only collected items
from many diverse sources but has reduced them to the
minimum number of words—or algebraic steps—in a
manner calculated to emphasize the important points. In
particular, he deserves commendation for his free use of
vector diagrams as illustrations to supplement algebraic
analyses, and indeed for his general success in explaining
fundamental principles quickly and clearly. A book of this
nature must be based on considerable experience of lecturing
in radio and also on examining advanced students; one can
see that the phrase “derive an expression for . . .” leapt very
readily to the author’s mind when he was writing the first
half of “Radio for Examinations” for nearly every page of it
suggests that it is an answer to an examination question.

There is so wide a coverage in this book that a list of the
contents reads like the syllabus of a complete radio course—
the properties of tuned and coupled circuits, valve amplifiers,
oscillators, amplitude modulation, transmission lines, the
propagation of radio waves, aerials and aerial arrays,
direction finding and navigational aids, radio receivers, the
cathode ray oscillograph, television and facsimile, v.h.f.
techniques, microphones and loudspeakers, filters and
attenuators, frequency modulation, radio-telephone systems,
transistors. There are appendices on network theorems and
various other useful mathematical items.

The value of the book has been greatly increased by the
inclusion of a large bibliography; since no subject is given
more than outline treatment in the text, bibliographical
references are made, in every chapter, to sources for further
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reading. A large number of questions taken from appro-
priate examination papers are collected at the back of the
book, grouped in subjects according to chapter numbers.

The author has only been able to compress so much into
one volume by eliminating a great deal of relevant descrip-
tive matter. There is no “padding™ in this book. Students
will thank him for this; and if they copy his presentation
and style in their own examination answers they should be
the more successful for having studied it carefully. The book
is well produced, with excellent line diagrams and can be
recommended to advanced students of telecommunications
as likely to be of permanent value to them.

L.P.O.E.E. Library No. 2675. C.F.F.

“Introduction to Feedback Systems.”” Prof. L. Dale Harris.
John Wiley and Sons. xi + 363 pp. 242 ill. 79s.

There has been a tendency for feedback systems to be
treated from two quite distinct standpoints: the design of
amplifiers and the design of servomechanisms. The common
root of both techniques is obvious and well appreciated but
the extent to which both systems can be treated by the same
methods of analysis and synthesis is perhaps not so well
known. This book, from the outset, treats the two classes of
problem as only different manifestations of the operation of
a common set of principles.

For the student electrical engineer who wishes to acquire
an understanding which will enable him to tackle such feed-
back systems as amplifiers, oscillators, or control systcms
with equal confidence, this is a book to be recommended.
Equally, those steeped in any of the techniques might find
the common approach used here enlightening and the
modern methods of attack of value.

For analysis and synthesis this book uses the pole-zero.
root-locus approach giving the complete (not sinusoidal
only) response of the feed-back system. A chapter is inclu-
ded, however, on sinusoidal analysis and the Nyquist
Criterion.

The book presents the subject matter in the form of a well-
integrated series of lectures with the object of enabling the
reader to teach himself. The illusion of the lecture room is
fostered by Professor Harris's easy and intimate style. There
are no references and no bibliography and the mathematics
essential for appreciation of the text is given in appendices.

For readers outside the U.S.A. (and perhaps for some
inside) the book would have been improved by a description
of the “spirule.” This device, which is a protractor-like aid
to rapid calculation of points on the locus, is referred to a
number of times and the steps in its use in particular cases.
are described. This, however, is little help to the reader
unfamiliar with the instrument. Otherwise the book is well
suited to its purpose.

D.T.



Subscriber-Controlled Transfer Service
C. D. VIGAR, AM.IEE. and J. E. PIESINGt

U.D.C. 621.395.348

The circuit principles involved in providing subscriber-controlled

transfer facilities are described. In addition to circuits enabling a

subscriber to transfer his incoming calls to another subscriber

connected to the same exchange, a scheme is available permitting

any one subscriber in a group of 10 to transfer his incoming calls

to any other selected subscriber of the group, without the assistance
of an operator.

INTRODUCTION

HE facility for a subscriber to be able to transfer his

incoming calls from his usual telephone to another

telephone some distance away is one that has been
required ever since the telephone came into commercial
use. The business subscriber who requires incoming
calls to his business telephone to be received on his home
telephone in non-business hours and the doctor who
wishes to transfer incoming calls from patients to another
doctor during his off-duty periods are typical examples
of users of this service. In the days of manual exchanges
such a service could easily be provided by inserting pegs
in the multiple to show the number to which incoming
calls should be transferred. When exchanges were
converted to automatic working, transfer facilities were
provided by a system of relays remotely operated from
the nearest manual board over the trunk-offering
selectors, or over a control wire if the subscribers were
connected to the exchange at which the manual board
was located.

With the advent of subscriber trunk dialling, manual
boards are becoming fewer; also, the cost of providing
manual-board services is rising. Furthermore, the pace
of business life is increasing, and some subscribers prefer
a transfer facility that can be brought into operation at
the push of a button to one which requires the co-
operation of an operator. The subscriber-controlled
transfer service has been developed to meet this need.
At present three systems are available: a single-transfer
system that will transfer the incoming calls from one
telephone to another, a cyclic-order system that will
transfer the incoming calls from one telephone to the
next in a predetermined arrangement of telephones, and
a 10-line transfer system in which a subscriber may
transfer his incoming calls to any one of up to nine other
lines connected to the same transfer system. All these
systems are capable only of transferring calls between
telephones connected to the same exchange, but methods
of transferring calls to telephones connected to nearby
exchanges are under development.

An additional final-selector number, called a bypass
number, may be permanently connected to any line that
has its normal incoming calls transferred, so that the
transferring subscriber can receive incoming calls from
callers who know the alternative number. For example
a doctor can receive calls of a social nature even though
his line is switched and calls from his patients are
transferred to another doctor.

PRINCIPLE OF CIRCUIT
The basic circuit for the operation of relay TF (the
relay that diverts the incoming calls to the receiving line)

o % Telephone Exchange Systems Deavelopment Branch, E.-in-C.’s
ce.

is shown in Fig. 1. The subscriber’s line is modified by
the insertion of a resistor, R1, in the line circuit and by
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FIG. 1—BASIC CIRCUIT FOR GPERATION OF TRANSFER RELAY

the provision, at the subscriber’s telephone, of a 33,000-
ohm resistor that is connected across the line by the
operation of a locking key. The presence of this 33,000-
ohm resistor across the line causes relay TF to operate
and incoming calls to be transferred.

When the telephone handset is on its rest and the line
condition is normal, point A (Fig. 1) is at earth potential,
and both transistors are switched off. When the transfer
key is operated the 33,000-ohm resistor is connected
across the line, causing the potential at point A to drop
to —0-4 volts. This enables transistor VT1 to conduct
and relay TF to operate. When the handset is lifted,
point A drops to a potential of between 5 and 10 volts.
depending on the length of the line, both transistors
conduct, and transistor VT2 short-circuits the relay.
preventing its operation even though transistor VT1 is
also conducting. By this means the operation of the
transfer relay is prevented when the handset is lifted.

SINGLE-LINE TRANSFER CIRCUIT

A circuit, using the principle described above, to
enable the calls normally received on one line to be
transferred to another line on the same exchange is
shown in Fig. 2. This circuit can be used at those
exchanges where the busy condition on the subscriber’s
line circuit is indicated by an earth on the P-wire (i.e.
director and non-director exchanges and U.A.X.s No.
14). The basic circuit issuch thatrelay TF is held operated
when the 33,000-ohm resistor is across the line, and con-
nects the transferring subscriber’s final-selector multiple
outlets to the receiving line. If the transferring subscriber
originates a call while his line is transferred, the opera-
tion of relay K will disconnect the base current from
transistor VT1 and stop the current flow through the
4,000-ohm coil of relay TF, which will be held over its
own contact and the centre coil by the earth from the
P-wire of the line circuit. Whenever relay K operates (for
either an incoming or an outgoing call) the basic transfer
circuit is disconnected and the state of transfer obtaining
at the beginning of the call continues until the call is
cleared down.
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FIG. 2—SINGLE-LINE TRANSFER CIRCUIT

It is necessary to prevent restoration of the transferred
line while an incoming call is being taken by the
receiving subscriber over the transfer circuit. This is
achieved by connecting a third coil of relay TF to the P-
wire of the receiving subscriber’s line via a TF contact.
Although this also prevents the restoration of TF relay
when any call is in progress on the receiving subscriber’s
line (whether through the transfer circuit or not) this is
considered less of a drawback than allowing a call in
progress to be diverted to the original line.

Restoration of Line Limits

The addition of the 330-ohm resistor, RI, in the
subscriber’s line circuit reduces the current through
relay LR, so that there is a danger of its non-operation
on lines approaching 1,000 ohms loop resistance. In
order to restore the current flowing through relay LR to
its original value, additional current from the —3-volt
source is switched to the negative line via resistor R3 by
transistor VT3 (Fig. 3). Because the emitter is connected
to the —3-volt supply, the transistor will only be
switched on when the current flow through resistor R1 is

SUBSCRIBER'S
LINE

VT3

FIG. 3—CIRCUIT FOR RESTORING CURRENT THROUGH RELAY LR
TO ITS ORIGINAL VALUE
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caused by a looped line; a transfer signal or the operation
of relay K will cause the transistor to be switched off. as
its base will then be connected to earth through resistor R1.

Transfer Circuits for Use in U.A.X.s

A feature of the majority of U.A.X.s is that the busy
condition of the line circuit is given by a disconnexion of
the P-wire instead of by the earth potential used in other
types of exchange. A different circuit is therefore
required to hold the TF relay operated for transfer
circuits used at these exchanges; such a circuit is shown
in Fig. 4. The operate coil is energized in the manner
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FIG. 4—CIRCUIT USED AT U.A.Xs FOR HOLDING TRANSFER
RELAY OPERATED

already described, the relay then operates, and a TF
contact completes the hold-coil circuit. When both the
transferring and receiving lines are free, transistors VTI
and VT2 will be conducting and will short-circuit the
hold coil, so that the relay will release if the transfer
condition is removed.

If the transferring subscriber makes an outgoing call,
the operation of relay L in the line circuit removes the
negative potential from the base of transistor VT1, which
ceases to conduct. Relay TF is then held operated by
current flowing in its hold coil during the call.

If an incoming call is made to the receiving subscriber
when TF relay is operated, the earth connected to the P-
wire by either final selector will short-circuit the negative
potential applied via resistor R1, and transistor VT2 will
cease to conduct. Relay TF will then be held indepen-
dently of the release of the transfer key until the call has
cleared. However, relay TF will still be held operated if
the incoming call is from the receiving subscriber’s own
final-selector number, but this disadvantage cannot be
avoided.

The potential at point B is at about —5 volts when relay
TF is operated and at about —6-5 volts when relay TF
is short-circuited by the transistors. These potentials
ensure that the earth potentials applied to the bases of
transistors VT1 and VT2 securely switch off these
transistors. The current flowing in resistor R1 is arranged
to keep transistor VT2 conducting when the P-wires are
disconnected.

TEN-LINE GROUP-TRANSFER SCHEME
The 10-line group-transfer scheme gives a fully
flexible arrangement allowing any one subscriber in a
group to transfer incoming calls to any other subscriber



in the group who is not already transferred. Fig. 5 shows
the principle of the scheme, which is suitable for
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FIG. 5—PRINCIPLE OF 10-LINE TRANSFER SCHEME

preselecting the destination of incoming calls only. Full
outgoing service is maintained during transfer. Alter-
natively, transfer may be made to manual-board circuits
or to subscribers who themselves are not provided with
transfer facilities.

The switching equipment is seized in the manner
described for the single-line circuit, except that a high-
speed relay (Fig. 6) is used in the collector circuit of the
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FIG. 6—PULSING AND TESTING CIRCUIT ELEMENT

detector transistor. The transfer is effected by the
subscriber operating the transfer key and dialling, with
the handset on its rest, any digit from 1 to 0. The
negative potentials developed across the 330-ohm
resistor in Fig. 7 control the collector current in the
transistor element (Fig. 6) and, therefore, the high-speed
relay XA. Relays XB and XC control the pulsing of the
FD uniselector magnet and, consequently, the movement
of the wipers around the uniselector bank. Switching is

only permitted if the receiving circuit is not already
transferred, and therefore, at the end of the selecting-digit
pulse-train, the TF relay (Fig. 6) is operated by the
potential normally present on the appropriate contact of
the XC uniselector arc (Fig. 6). If the line is already
transferred, or if the position on the uniselector bank is
spare, this potential is not present. Other coils of relay
TF (Fig. 7) provide holding facilities during outgoing
calls and for incoming calls to the receiving line.
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FIG. 7—TEN-LINE SWITCHING CIRCUIT ELEMENT

In view of the fact that transfer is prevented if the
subscriber who is to receive the calls is already transferred
or if a spare line has been dialled, an audible signal is
given to the transferring subscriber when a successful
transfer has been made. It is arranged, by means of
timed relay RR (Fig. 7), that continuous ringing is
applied to the transferring subscriber’s line for approxi-
mately two seconds.

Full jumpering flexibility is given by relay LD (Fig. 7),
which switches the transistor elements in and out of
circuit. This method avoids a permanent interconnexion
between the transfer switching equipment and a
particular subscriber’s line circuit.

DISTANT-EXCHANGE TRANSFER

The main problem associated with extending a call to
another exchange is one of a possible degrading of the
transmission standard. It is therefore proposed that the
distant-exchange-transfer scheme should be limited in
two ways:

(i) the two exchanges concerned must have direct
junctions between them, and

(if) the transferring subscriber’s incoming traffic must
be predominantly of local origin.

These two limitations are normally acceptable to
members of the medical profession, who are the
principal users of the transfer service.

The principle of a proposed scheme is shown in Fig. 8.
A normal late-choice traffic junction is used, if free, for
extending the call, a busy signal being given to a cal]mg
subscriber if the junction or the receiving subscriber is
engaged.
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The schematic diagram, Fig. 9, shows the signalling,
junction-switching and receiving-subscriber’s ringing
elements. Relays BG and LS are normally operated over
the junction in series with the SEE and I relays at the B
end. Relay BG controls the busy conditions on the
incoming P-wire under both receiving-subscriber-
engaged and junction-engaged conditions. Relay LG,
operating to earth on the receiving subscriber’s P-wire,
releases relay BG, which also releases when the junction-
switching relays operate. Initial junction switching is
carried out on seizure of the junction by the operation of

relay LD. Battery and earth potentials from relays I and
SEE are therefore disconnected, and relays BG and LS
at the outgoing end release. Relay LS operates relay
TFR for a timed period. The junction is extended
through to the selector, and earth on the selector P-wire
holds relay TFR and, therefore, maintains the junction
switched through.

The SE relay, under normal conditions, in conjunction
with the —50-volt potential connected to the TF relay
hold coil in the basic transfer circuit, provides a free con-
dition on the final-selector-multiple P-wire. When a call
is to be transferred relay SE is operated by the switching
relay in the final selector. At the A end, current is fed to
the positive wire of the junction via a low resistance
instead of a high resistance so that relay SEE at the B end
is operated. This relay connects ringing current to the
receiving subscriber’s line and earths the P-wire in the
final-selector multiple. Ringing tone is meanwhile
returned from the final selector to the calling subscriber.
The character of the ringing at the B end can be altered
to give the receiving subscriber an audible indication that
the particular call is one that has been transferred. The
ringing is tripped in the standard manner and —50 volts
and earth are connected to the receiving subscriber’s line
via relay D. Relay D changes the resistance connected via
the I relay to the negative wire of the junction from a high
to a low value, causing relay RW to operate. This relay
loops the negative and positive wires from the transfer
relay-set and trips the ringing current in the final selector.
A transmission path is established and relay D therefore
controls relay RW for any further supervisory signals.

‘When two subscribers have mutual transfer facilities at
the same exchange, a signal is arranged to be transmitted
between the transfer circuits in order to prevent one
transfer circuit from functioning when calls to the other
subscriber are already being transferred. This aspect of
the transfer circuit is described more fully later.
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If two subscribers connected to adjacent exchanges
have mutual transfer facilities, then it is also necessary
that transfer of one circuit should be prevented when the
other is transferred. Figure 10 shows a possible method
of achieving this using the junction signals that are

EXCHANGE A JUNCTION EXCHANGE B
= v - - - v
10 | stLECToR
] —
SELECTOR ¥ (" + SELEr

P

-1}-' oo
't }" = RW: !
i GR LS T L

B
T
>

10 +ve WIRE OF _J,.
SUBSCRIBERS LINE §~ aaan—js-
-3v

=015V

ey

T SUBSCRIBER'S | 1F | SUBSCRIBERS
-{ IE “TRANSFER T TRANSFeR
50V
- T ClRCUIT | T | §
N © T | TO+ve WIRE OF
(T . . _J I . _c]™ _SUBSCRIBERS LINE

: R

L e }
1 : T0
(" """"" :q—‘ﬁ'—\» ELECTOR 18 /(TG
) -5 ..|..|

FROM
SELECTOR
BANK

IT

W

FIG. 10—DISTANT-EXCHANGE MUTUAL TRANSFER INHIBIT
CIRCUIT ELEMENT

available. Itis arranged that a signal is transmitted back
to the transfer switching circuit over the junction not
being used, to inhibit the other subscriber’s transfer
circuit. If the subscriber on exchange A transfers, then
the IT relay is operated by the TF relay. Relay IT
operates relay RW in the exchange B relay-set by altering
the value of the resistance connecting —50 volts to the
negative wire. Relay RW in turn operates relay TG,
which shunts the exchange B subscriber’s transfer
circuit. Likewise, the subscriber on exchange B can
control the transfer circuit at exchange A. Guard
conditions are maintained if the junctions subsequently
become engaged.

OTHER APPLICATIONS OF TRANSFER CIRCUIT
Interconnexion of Two or More Subscribers

It is inherent in the single-line transfer circuits that two
subscribers can have mutual transfer facilities and that
three or more subscribers can be formed into a transfer
ring. The transfer ring may be used if the business of the
subscribers concerned allows this more rigid type of
transfer. Assuming that three subscribers, A, B and C,
are connected together in cyclic order, then subscriber A
can transfer to B and B can transfer to C. If B is
transferred to C and then A transfers, it would mean that
A is transferring to C. C can transfer to A and if B
transfers then calls to C will go to A. It is desirable that
transfer should be prevented when one of a pair of
subscribers is already transferred or, in the transfer ring
system, when one of the main subscribers is transferred.

The transfer relay, when operated, extends earth
potential as an inhibit signal that can be cross-connected
to another transfer circuit. This earth is used to shunt
the transistor switching potential on the positive wire of
the subscriber’s line, thereby preventing the other
transfer relay from operating.

The subscriber who is receiving calls can, if desired,
preset his transfer circuit to cause calls to be transferred
back to the other subscriber, and transfer will auto-
matically take place when this subscriber restores his
transfer switch. The removal of the inhibit signal allows
the high-resistance loop to become effective.

Night Busying and Night Interception

Two night-service facilities used by private branch
exchange (P.B.X.) subscribers can be improved by the
use of the basic transfer circuit. The night busying
facility provides a means of busying all of a P.B.X. group
of lines except the first (or perhaps the first two). The
lines that are not busied are connected through the
switchboard to the night-service extensions. A similar
service is provided in which some lines are transferred to
the public-exchange manual board and the remainder of
the P.B.X. group is busied. The present method of
operating the busying relays is by remote control from
the manual board in the same manner as for operator-
controlled subscriber’s transfer.

By the use of the transfer circuit connected to one line
of the P.B.X. group these services can be brought into
use under direct control of the subscriber. The basic
transistor circuit and TF relay are connected to a late-
choice line of the P.B.X. group and the contacts of the
TF relay are arranged to operate the transfer and busying
relays.

CONCLUSION

The development of the subscriber-controlled transfer
equipment (and of the subscriber-controlled night-service
equipment) was made possible by the use of transistors.
The development is an example of the advantages that
can be obtained by the use of semiconductor devices in
conjunction with orthodox switching circuits.
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Notes and Comments

Board of Editors

Mr. E. Davis has resigned from the post of Managing
Editor of the Journal and the Council of the Institution
has appointed Mr. A. G. Leighton, formerly Deputy
Managing Editor, to take his place. Mr. J. Martin,
formerly an Assistant Editor, has been appointed Deputy
Managing Editor, and the new Ass:stant Editor is Mr. J.
Povey. The Board of Editors takes this opportunity to
record its appreciation of the services rendered to the
Journal by Mrs. Davis during his ten-year association
with the Board, first as a Council nominee, then as
Assistant Editor and later as Managing Editor.

Journal Birding

This issue completes Vol. 55 and readers wishing to
have the volume bound should refer to page 291 for
details.

Supplement and Model Answers Books

Students studying for City and Guilds of London
Institute examinations in telecommun:cations are
reminded that the Supplement to the Journal includes
model answers to examinations set in all the subjects of
the Telecommunication Technicians’ Course. Back
numbers of the Journal are available in limited quantities
only and students are urged to place a regular order
for the Journal to ensure that they keep informed of
current developments in telecommunications and receive
all copies of the Supplement.

Books of model answers are available for some tele-
communication subjects and details of these are given
at the end of each supplement. These books include a
new edition of the model answer book for Elementary
Telecommunication Practice.

Institution of Post Office Electrical Engineers

Annual Awards for Associate Section Papers—Session 1961-62

The Judging Committee having adjudicated on the
papers submitted by the Local Centre Committees, prizes
and Institution Certificates have been awarded to the fol-
lowing in respect of the papers named:

First Prize of £7 7s.
J. McCall, Technical Officer, Aberdeen Centre—*“The
Television Network Switching Centre.”
Prizes of £4 4s. each
C. H. Collins and H. R. Merry, Technical Officers.
Reading Centre—“External Planning Group.”
K. W. Guy, Technical Officer, Stoke-on-Trent Centre—
“Interference Investigations.”
J. W. Rowson, Technician I, Colchester Centre—*700
Type Installations.”
J. Davidson, Technical Officer, Aberdeen Centre—*“An
Introduction to the Slide Rule.”

In addition, the following papers which were considered
worthy of submission to the Judging Committee for the
main awards, have been awarded a prize of one guinea
each:

L. S. Hurst, Technical Officer, Tunbridge Wells Centre—

“Older than the Hills.”
J. W. Mitchell, Technician TTA, Tunbridge Wells Centre
—“Introduction to the Mark that Man has Left.”

The Council of the TInstitution is indebted to Messrs.
R. J. Hines. R. McWhirter and W. E. Adams for kindly
undertaking the adjudication of the papers submitted for
consideration. and to Mr. R. J. Hines, Chairman of the
Judging Committee, for the following report:

Awards in any competition involving original work are
inevitably dependent upon the element of luck. The Judging
Committee are well aware that another body might have
decided differently, for much will depend upon the relative
values attached to the readability, relevance, originality,
lucidity and so on. Mr. Rowson’s paper on 700-type instal-
lations certainly won commendation for the fact that it
should have stimulated a lively discussion and prompted
thought about what is involved in familiarizing staff with
new types of apparatus. This paper also possessed the
inherent advantage that its subiect was one about which
everybody has need to know something. Similarly, Messrs
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Collins and Merry in describing the work of an external-
planning group have a subject that is of common concern
to a large percentage of their potential audience.

The value of a paper to those attending its presentation
is considerably enhanced by well-prepared illustrations and
demonstrations. In this respect too the paper on the 700-
type telephone scores as well as Mr. Davidson’s paper on
the slide-rule. The latter paper particularly impressed the
Judging Committee with the professional competence of
the written format.

Although the typescript of a paper gives little indication
of the author’s capacity to engage the interest of his
audience, the Committee gathered the impression that Mr
Guy must have given an entertaining account of the radio-
interference investigator’s job and they admired the lucidity
of his simple explanations of basic technical facts.

Mr. McCall's paper on the television network was really
two papers in one in that it covered the whole conception
of the switching network as well as describing what is invol-
ved in monitoring the quality of the transmitted pictures
This could make somewhat heavy going in one evening but
was probably more fully packed than any other paper with
useful information not readily available elsewhere.

Two other papers by Messrs. Hurst and Mitchell of
Tunbridge Wells under the general title of “The Earth and
Its Secrets” broke new ground and must have contributed
to a widening of the interest of their hearers.

Allocation of awards between such a diversity of papers
was no easy task, but accepting as their criterion the perma-
nent value to the audience of the information conveyed.
the Committee recommend as stated.

S. WELcH,
General Secretary

A new edition of the Library Catalogue will be available
shortly. Members should make application to their Hono-
rary Local Secretaries if they require a personal copy. and
Associate Section members may obtain copies at a nominal
price of 6d. from their Association Section Honorary Local
Secretaries.

W. D. FLORENCE,
Librarian






windows on all sides, ensuring the best natural lighting con-
ditions between the racks. A numbter of windows at the
usual height prevent any “shut in” effect.

Although the ma,ority of the external walls are of cavity
brickwork, the end wall of the apparatus room has an
asbestos sandwich cladding which allows a future extension
to be made without incurring the risk of dust, from
demolition, affecting the working equipment.

R.V.A. and G.JS.

Norti» Eastern Rezion
INTRODUCTION OF S.T.D. IN LEEDS

Subscriber trunk dialling (S.T.D.) facilities were intro-
duced simultaneously at the following exchanges in the
Leeds area at 12.45 p.m. on 5 October 1962. The opening
ceremony was performed by Miss Mervyn Pike, M.P., Assis-
tant Postmaster General, who made the inaugural call to
Sir Keith Joseph, Member of Parliament for Leeds N.E,,
and Minister of Housing, Local Government and Welsh
Affairs, in his Whitehall office.

t 5 i Working
Exchange I;‘&ﬁ}ﬁgfg — Type of Exchange
| : Connexions \ Stations
Leeds linked-
numbering scheme:
Central .. . 17,600 13,443 34.25% 2,000-type
Armley .. 4,000 2,897 4,34
Chapsitown .. | 6600 |  3.664 5,496 e type
Moortown .- 7630 | 6,144 8,601 ?
Adel . .. 5,700 | 4,447 6,226
Crossgates .. | 50900 | 4.165 5.415 g{gﬁﬁ:;‘g%‘é’_’wpa
Headingley .. 8,600 6,714 8,728 and pre-2 OOO-typZ
Oakwood .. 4,500 3,319 4315 ~
Roundhay .. 4,500 3.445 4,479 Discriminator satellite
2 000-type and pre-
2 000-type
Pudsey . .. 6,500 4,823 6.752 | Discrinunaior remote
| non-airec.or 2 000-type
: { and pre-2 000-type
Horsforth .. .. 3,109 2,249 3,149 Remote non-director
| 2 000-type and pre-
‘ 2 000-type
Rawdon .. - 2,200 1,598 2,237 | Remote non-director
| | | 4C0)-type
Totals .. .. | 76800 ’ 56,908 | 94.696 |

This operation was another landmark in the progress of
automatic telephony in Leeds, where the first automatic
excnangs with Keith hine switches saw service from 1918—
46. Indeed, of the twelve exchanges given S.T.D., all
except Rawdon formed, with Hunslet, the old Leeds multi-
office area. In the past few years they have been conver-
ted from early-type Strowger equipment to 2,000-type,
thouga some early equipment remains. Unfortunately
Huns'et, a discriminating satellite repeater pre-2,000-type
satellite exchange could not be given S.T.D. at present due
to accommodation difficulties but the omission will be made
good in 18 months time.

Lhe code “u” was replaced by “100” in October 1961
as a first stage in the introduction of S.T.D. though sub-
scribers connected to Central exchange continued to use
level 94 for trunk traffic. The second stage, in March
1962, was concerned with the segregation of home and
adjacent charging-group exchanges on to levels 8 and 9,
respectively, but this segregation could not be made absolute
due to the need for economy in equipment required for this
extensive rearrangement. Three major routes, to Bradford,
Harrogate, and Wakefield, remained on level 8 but these
were cleared and level 94 was closed at the opening of
STD.

To handle the increasing trunk traffic, there has been a
large increase in outlets from the trunk selectors involving
a considerable amount of regrading work. On 5 October
auto-mannal roites were con erted to auto—anto working,
and certain exchanges were reparented—hardly a straight-
forward operation since there are three auto-manual
switchboards serving the exchanges concerned.

Whilst the opening of an automatic exchange is a paro-
chial affair whose success or failure depends on local effort,
the ramifications of S.T.D. are nation-wide. The Leeds
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Telephone Area staff acknowledge that the undoubted suc-

cess of the operation rests on the fine work done by

colleagues in other Areas, as well as their own contribution.
EH.

PITCH-FIBRE DUCT AT SHEFFIELD

The construction of the underground plant required to
link the new telephone exchange at Sheffield Central to the
existing network has been completed recently by contract.
This involved the construction of five non-standard man-
holes and the laying of 133 yd of 60-way pitch-fibre ducts.
In addition two 60-way and one 36-way lead-ins were pro-
vided into the new cable chamber.

Due to the design of the new exchange the cable chamber
was constructed entirely below ground level on a site falling
roughly from north to south and it was anticipated that this
would present problems during excavation work as the
finished floor level was below the known water level.
During the excavation for the foundation work of the
north-south wing of the exchange building, a coal seam
and an old mine working in which there was a fair flow of
water was exposed. Pumping by the building contractor
had no apparent effect on the level of this water and so
a caisson was constructed around this wing. This solved
the problem for the builder, but as the proposed new duct
line was outside the steel piling there was the possibility
that the duct contractor would encounter the same prob-
lems once he excavated below the water level. The problem,
however, did not arise during the excavation of the new
duct line as the coal seam was exposed unworked, and
below this the ground was stable, comprising mainiy clay
and soft virgin rock.

Due to the fall of the site from north to south, manhole
A shown on the sketch, was the lowest point on the new

PLAN OF THE DUCT-WAYS, MANHOLES, AND EXCHANGE LEAD-IN
AT SHEFFIELD CENTRAL

duct line, with its floor approximately 8 ft below the known
water level and also below the nearest main sewer. A 4 in.
earthenware drain was laid, therefore, beneath the new 60-
way duct line, draining manhole C to manhole B, manhole
B to manhole Al, manhole Al to manhole A, and the exist-
ing manhole E back to manhole A. Arrangements were
made to empty manhole A by means of an automatic pump,
which is fitted in the cable chamber and is operated by the
water level in the float chamber in manhole A, the water
being pumped into the main sewer.

The new duct work is isolated from the existing network
by duct seals fitted at manholes D and E on the 60-way duct






We now have a membership of 98, and would like to see
this increased to 100. The committee hopes that by the time
of the next report our target will have been reached.

AJH.
Reading Centre

The Reading Centre opened its 1962-63 session with a
paper on “The Work of The Thames Conservancy”, by
Mr. Alan Compton, the administration officer of the con-
servancy. Mr. Compton illustrated his talk with over 90
coloured slides and we recommend this subect to other
centres in the Thames water catchment area.

Our Chairman, Mr. D. P. Ridge, left the Area during
September for an appointment in East Africa. We were
sorry to see such a keen member go, but we wish him suc-
cess in his new station. His departure meant a rearrange-
ment of the committee and with the new arrangement Mr.
D. Gascoine has become Chairman and Mr. P. Curwen the
Vice-Chairman.

The secretary and the treasurer attended the recent
conference at Bletchley Park. This event we found to be a
valuable function in many ways, not the least in that it
enabled an exchange of ideas with other Centres. Thank
you too, Bletchley Centre, for your excellent hospitality.

H.R.M.
Salisbury Centre

Since the end of April, when the annual general meeting
was held, the Centre has been hard at work trying to in-
crease membership. At the close of the last session we had
12 members all of whom were serving as officers or
on the committee. In the few short months since April we
have increased to 53 and at the time of writing we are still
accepting new members.

At the end of July we were invited to Central Telephone
Exchange at Southampton by Mr. Vernon and Mr.
Compton where the new S.T.D. equipment was demon-
strated. Thirty members travelled by road to Southampton
and had a highly instructive evening. The Salisbury Centre
are hoping that in the near future our colleagues in the
Southampton Area will be reforming their own Associate
Section Centre to add strength to the South West Regional
representation.

A month later the Centre members joined Senior
Section members and the Salisbury operating staff on a visit
to Bournemouth Airport (Hurn), a municipal airport at
Christchurch, Hampshire. We were able to see ferry air-
craft loading cars and freight, the fire section, the flying
control and, as dusk fell, the airport landing-lighting
system.

In mid-September Mr. C. W. Read, Assistant Engineer
at Regional Headquarters, Bristol, gave his prize-winning
paper “Transistors” to an audience of 40 members. Our
Senior Section colleagues once again joined over 70 per cent
of the Centre membership to hear a most interesting lecture.

Looking towards the new year we hope to have a visit
from a senior member of the Engineering Department’s
space communications team and it has been arranged that
in February 1963 the Centre will visit Southampton to see
H.M.T.S. Monarch loading cable.

We would like to wish Mr. J. G. Garland, the Centre
secretary good luck in his new career in outside industry
and thank him for his loyal work over the past years help-
ing to reform the Salisbury Centre.

R.H.
Bristol Centre

The Bristol Centre which opened in April of this year
has progressed to a membership of 131. We feel that al-
though this seems to be good progress in a few months,
many of those hundreds who are employed in the Area are
still unaware of our existence or of the aims and objects of
an Associate Section Centre. Please ask your supervising
officer about the Centre—the Committee and members will
do the rest and make you welcome at our meetings, visits
and social events.
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On 26 July a very interesting trip was made to the
St. Hillary transmitter of I.T.A. and was foliowed by a well
conducted tour of the T.W.W. studios in Cardiff. After sit-
ting under the lights in the announcer’s chair in front of
the camera, we do not think that any of our members will
reach fame as television stars!

On 12 October we had the pleasure of being shown
round Hinkley Point atomic power station. The station is
not yet completed but we were very interested by this
great peaceful use of atomic energy.

A film show planned for 31 October included in the
program the only amateur film of the Goonhilly space-
communications satellite ground station.

During the rest of this session we hope to have a paper by
a representative of Mullard, Ltd. a “quiz” with a nearby
Centre, a couple of evening visits and some other entertain-

ing papers.
H.F.N.P.

Bournemouth Centre
The Centre’s congratulations go to Mr. P. M. Keefe on
his promotion to Assistant Engineer. Mr. Keefe has been
our very popular and able secretary since November 1952,
and thanks to his efforts the work of the incoming secre-
tary, Mr. A. E. A. Barwell, has been made easier.

This quarter’s program included the following items:

25 July: A visit to Vickers-Armstrongs Airworks.
Hurn.

22 August: A visit to Poole Gas works.

26 September: A well-received lecture on “Space
Travel,” by Mr. T. A. P. Colledge, member of the
Inter-Planetary Society.

A.E.AB.
Middlesbrough Centre
The 1962 annual general meeting was held on 3 April
and the following officers were elected: Chairman: Mr.
D. A. Pratt; Secretary: Mr. N. Williams ; Treasurer: Mr.
K. Ashworth; Committee: Messtrs. M. A. Landers, B.
Clare, and E. E. Sparkes.

The program for the 1962-63 session was then compiled

as follows:

16 October: “A Guide to Television Repairs,” by Mr.
D. A. Pratt.

6 November: “The Anglo-Swedish Submarine Cable
System,” by Mr. N. Williams.

December: Visit to I.C.I. Billingham.
January: Film Show.
5 February: “Earth’s Natura] Satellite,” by Mr. C. Cox.
March: Visit—details later.
9 April: Annual general meeting.
N.W.
Aberdeen Centre
The 1962-63 session opened with a film show of several
technical subjects. The “Query Corner” at which members’
technical questions were answered was also instituted.
Other meetings held were as follows: “Motor Cycles
Through the Years,” by Mr. A. Davidson, Regional Head-
quarters; “The Saturable Reactor Leading to The Magnetic
Amplifier,” by Mr. James Davidson; “Developments in
Subscribers’ Apparatus,” by Mr. W. A. Saint. Further
meetings this session will include “An Introduction to
Computer Programming,” by Mr. G. D. Adams, and
“T.R.S. Developments,” by Mr. A. M. Duff.
We hope to have a trip to the Forth road bridge in
March and a 30th Anniversary dinner in April.
D.w.

Dundec Centre
On 3 April the annual general meeting was held and the
Committee for the 1962-63 session was elected as follows:
Chairman: Mr. R. L. Topping ; Vice-Chairman: Mr. D. L.
Miller ; Secretary: Mr. R. T. Lumsden ; Treasurer: Mr.
R. B. Duncan; Committee: Messrs. R. J. Hendry, G.
Deuchars, R. C. Smith, D. Cook, B. D. Mackie and J.
Glendinning.
(Continued on page 291)



Staff Changes

Promotions
Name Region, etc. Date j Name Region, etc. Date
Senior Executive Engineer to Assistant Staff Engineer | Assistant Engineer (Limited Competition)—continued
Bray, P. R. E.-in-C.O. .. 1.1.62 | Wing, R. T. E. H.C. Reg. to E.-in-C.O. 14.5.62
Hall, A. W. N.W. Reg. to E. -in- C O 1.1.62 | Jackson, E. .. N.W. Reg. . 14.5.62
" Moore, R. F. .. S.W. Reg. to E.-in-C. O. 14.5.62
Area Engineer to Regional Engineer | g/hl_lill;lg}l?nMD- 1111’11;51 }E{{eg to E.-in-C.O. %igg%
7 o) mith, T. M. .. .E. Reg. .. .. 2.
Surman, W. L. Mid. Reg. .. 1162 Golding, E. C. LT, Reg. to E.-in-C.O. 145562
Power Engineer to Regional Engineer gi%rgg’é Ij g W \SNVIVS (R etgo E;gl'g% o. %222%
Moxon, T. Scot. to H.C. Reg. 1.8.62 Adams,J. .. .. ET.E. to E-in-C.O 14.5.62
. Booth, J. N.E. Reg. to E.-in-C.O 14.5.62
Area Engineer to Telephone Manager chkson M. E.-in-C.O. . 14.5.62
Neate, A. D. .. HC Reg. .. 8.7.62 ' %v_v&l)n é{ \§ = E.%n-lg.o. . ;gggg
ibbard, V. L. J. .T. Reg. .5.
Area Engineer to Deputy Telephone Manager | Golding, J. E. E.-in-CO. .. .. . 14.5.62
Bavin, A. E. LT. Reg. 3962 | Lund A-E. Mg Reg-to BADCO. . 28362
Lambert, R. S, HC R§§ © E-n-C.O. .. 28562
Executive Engineer 1o Area Engineer Grimsdale, A. W. H.C. Reg. to E.-in-C.O. 28.5.62
Berresford, B. H. Mid. Reg. .. 2.7.62 Davies, A. J. .. W.B.C. 28.5.62
Herbert, L. J. .. L.T. Reg. 27.8.62 Reid, J. N.E. Reg. 28.5.62
Marsh, S. T. Scot. 27.8.62 Spanton, J. C.’ Mid. Reg to E.-in-C.O. 14.5.62
Wiggins, J. F. E.T.E. to E.-in-C.O. 28.5.62
Executive Engineer to Senior Executive Engineer Keech, D. E. .. H.C. Reg .. 28.5.62
Colyer, J. O. .. L T. Reg. to E.-in-C.O. 4.7.62 Doughty, J. E. E.-in-C.O. .. .. . 28.5.62
Latimer, E. D. E.-in-C.O. .. . 9.7.62 Harrison, W. .. N.W. Reg. in E.-in-C.O. .. 18.6.62
Thomson, D. .. E.-in-C.O. . 9.7.62 Baird, G. B. .. Scot. “ e .. 28.5.62
Lee, F. J. E.-in-C.O. .. 9.7.62 Southall, R. A. N.W. Reg. to E.-in-C.O. .. 28.5.62
Jeynes, E. E.-in-C.O. 20.7.62 Tyers, P.J. . Mid. Reg. .. .. .. 28.5.62
Dadswell, J. E. Scot. 23.7.62 Lioyd, W. J. . N.W. Reg. to E.-in-C.O. .. 18.6.62
Holmes, D. N.E. Reg. to Mid. Reg 30.7.62 Crossley, M. D. E.-in-C.O. .. .. . 18.6.62
Lillie, S. H C. Reg. to E.-in-C.O. 10.9.62 Pickford, H. D. N.W. Reg. to E.-in-C.O. .. 18.6.62
Hogg, T. E. E.-in-C.O. .. 10.9.62 Petrie, M. G. .. E.-in-C.O. .. . 18.6.62
Harbord, C. W.B.C. to Scot. 24.9.62 Cadman, J. L. E.-in-C.O. 18.6.62
| Fletcher, J. H. E.-in-C.O. .. 14.5.62
Executive Engineer (Open Competition) | gzu JG CC %'én'g'o' - %ggg%
Hogg, D. M. .. E-in-C.O. .. 16.5.62 | Gnyp’ton Ew’ EinCo 18.6.62
Moore, L. G. .. E-in-C.O. .. 19.6.62 | Fairbrother, A. T. N.W. Reg. to E-in-C.O. ..  18.6.62
Rogers, J. D. .. E.-in-C.O. .. 13.8.62 | Cowie, W J Séot : T 18'6’62
Smith, L. J. H.C. Reg. .. 10.9.62 Peacock, R. D.’ H.C. Reg. to E.-in-C.O. . 18.6.62
Wllson, A. . E.-in-C.O. .. 10.9.62 Laishley, F. O. S W Reg ]8.6.62
Nlnnlm N. J. H E.-in-C.O. .. 13.9.62 Weller, j A H L‘T .Reg tO E -in- C 0. 18662
chham P. C. E.-in-C.O. .. 15.9.62 Moss ’P .R ’ : E.-in-C 0. 18662
%nigh:, ‘?‘ \[g "M E'm'gg . %236% Bailey, G. R. ." N.W. Reg. to E.-in-C.O. .. 18.6.62
ennett, L. A. M. AL, -9.6 Teesdale, R. J. W.B.C. to E.-in-C.O. 28.5.62
Assistant Engineer to Executive Engineer I Assistant-Enei
Sawyers, L. F. H.C. Reg. .. 9.7.62 nspector to Assistant: Zngineer
Yeates, H. W... Mid. Reg. .. 9.7.62 Davey, F. N. .. S.W. Reg 2.7.62
Cook, D. T. .. .. H.C. Reg. 23.7.62 Hall, A. . -~ N.W. Reg 30.7.62
Gawley, W. J... . NL. 9.7.62 Borrows, S. D. .. N.W. Reg. .. 30.7.62
Willoughby, S. J. .. E-in-C.O. to Factories Smith, W. H. F. - ET.E. 2.7.62
Department 20.8.62 Hall, S. J. W.B.C. 15.8.62
Lawless, E. R. E.-in-C.O. .. 10.8.62 Hart, R. E. = .. S.W. Reg. 10.8.62
Hetherington, T. E-in-C.O. .. 10.8.62 Lukeman, S. R. S.-W. Reg. 27.8.62
Randall, J. J E.-in-C.O. .. 10.8.62 Milkins, A. E. L.T. Reg. 18.9.62
Flack, M. E.-in-C.O. .. 10.8.62
\I\Z/Iea(lf L. D.P thE %ggg% Technical Officer to Assistant Engineer
c¢Cann, cot. .8.
McFarlane, H. A. Scot. .. 9.8.62 %ﬁgﬁwb}lc . g%\’ I{(eegg. .. 2(2);2%
Seneviratne, C. L. N.E. Reg. .. 31.8.62 Taylor’ 7., N.E. Reg. o 11.7.62
Broomfield, C. T. E.-in-C.O. .. 31.8.62 Preston. W. R, S.W. Reg. 6.7.62
Telfer, J. R. .. E.-in-C.O. .. 3.9.62 Keefe. P. M. . S'W Reg. 6.7'62
Bradley, D . N.E. Reg. . 3.9.62 Tovey’ N C. .. SW. Reg. 6.7.62
Higson, R. P. .. N.W. Reg to S.W. Reg. - 10.9.62 Appleion. R. C. S.W. Reg. 13.7.62
Edmondson, J. S. N.E. Reg. .. 12.9.62 Wilde F,’J.. - N.W. Reg. 30.7‘62
b . N.W. L
Assistant Engineer (Limited Competition) gllﬁ:rll(eylfr{\lf_ ]12\ H.C. l{{eegg' 3(;;2%
Streete, M. A.. H.C. Reg. to E.-in-C.O. 18.6.62 Smith, D. W. .. N.W. Reg. 21.8.62
McKinney, W. J.M... NI 14.5.62 Kaye, R. N.E. Reg. 7.8.62
Orbell, A. G. .. H.C. Reg to E.-in-C.O. 14.5.62 Clark, N. D. .. N.W. Reg 17.8.62
Driver, J. B. E.-in-C.O. .. 14.5.62 Swarbrick, R. G. .. N.W. Reg 13.8.62
Ball, J. R. . M1d Reg. to E. 1n—C 0. 14.5.62 Peebles, P. J. .. .. Scot. 24.7.62
Hampson, M.E. H.C. Reg. to E.-in-C.O. 14.5.62 Baker, F. C. G. Scot 27.8.62
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Promotions—continued

Name Region, etc. Date : Name Region, etc. Date
Technical Officer to Assistant Engineer—continued Technical Officer to Inspector—continued
Carty, E Scot. .. 24.7.62 Francis, R. J. .. L.T. Reg. 18.9.62
Burbidge, A. E S.W. Reg. .. 24.8.62 Smoker, B. W. L.T. Reg. 18.9.62
Gardener, W. O. S.W. Reg. .. 16.8.62 Moyce, W. J. .. L.T. Reg. 18.9.62
Davis, A. F. .. Mid. Reg. .. 27.8.62
Slight, E. H. .. gV]%’CR .. 7é51.§.22 i Technician I to Inspector
Turner, N. E. .. -W. Reg. .. 28.12.61 1 Bain, R, P. B... " Scot. 2.7.62
Hall, S. F. .. H.C. Reg. 129.62 | parsons, J. H. S.W.Reg. 7.8.62
Caldwell, A. M. Scot. 13.9.62 | Forte, A. N.E. Reg. .. 7.8.62
Page, E. A. W. Scot. 17.9.62 Boyle, J. S.W. Reg. .. 8.8.62
McDougall, A. Scot. o 13.9.62 Dewsbury, D. T. W. .. Mid. Reg. .. 27.8.62
Boultwood, H. C. E.-in-C.O. .. 3.9.62 Perry, J.F. .. Mid. Reg. .. 17.8.62
Forrester, E. N.W. Reg. .. 3.9.62 Johnson, L. W. N.W. Reg. .. 21.8.62
Warr, R. G. .. L.T. Reg. .. 18.9.62 Gent, G. T. .. N.W. Reg. .. 21.8.62
Warren, H. W. L.T. Reg. 18.9.62 Hendy, R. W... .. N.E. Reg. 3.9.62
Keyte, A. R. L.T. Reg. 18.9.62 Keers, T. .. .. NL.. 27.8.62
Phillips, G. H L.T. Reg. 18.9.62 ’ e
Palmer, E. . L.T. Reg. 18.9.62 i D . - )
Goodfellow 3. H. LT Res. 18.9.62 ISﬂ‘enzor Sclzkent\zjc Officer :oEPr:mc(I:pc(z)l Scientific Officer ‘07,62
White, C. A. C. L.T. Reg. 18.9.62 Dastioh’ H. N, Einco. 14803
Clasper, J. D. .. L.T. Reg. 18.9.62 | aglish, H. N. e -5.6=
. O. T. . 8.9.62 . ..
SGrilz\l/ESi{l.)Vf) ]I:¥ ﬁgé 18.9.62 Sctejntlﬁc Officer (Open Comp'etmon)
Bottrill, R. L.T. Reg. 18.9.62 White, N. E.-in-C.O. .. .. .. 28.6.62
Gibbs, B. L.T. Reg. 18.9.62 . . .
Sully, G. L.T. Reg. 18.9.62 Assistant Experimental Officer (Open Competition
Morris, L. K. R. L.T. Reg. 18.9.62 Eccleston, M. D. E.-in-C.O. .. .. .. 30.8.62
Walden, W. L.T. Reg. i18.9.62 Cameron, J. C. E.-in-C.O. .. .. .. 14.9.62
Page, J. P. .. L.T. Reg. 18.9.62 |
grubb,_rF.AG.F. . II:¥ %eg. iggg% Assistant (Scientific) (Open Competition)
unn, T. A. F. 1. Reg. 2. 11 . C. -in-C.O. .. 7.
Dunham, F, .. LT Reg. 18962 | Rows p.C. Einco. 5562
Spencer, J. S. .. L.T. Reg. 18.9.62 Woods, B. J. .. E.-in-C.O. .. 14.8.62
Snell, G.W. .. L.T. Reg. 18.9.62 Cowdry, R. W. E.-in-C.O. .. 28.8.62
Chalkley, E. E. L.T. Reg. 24.9.62 Stamps, H. M. (Mlss) E.-in-C.O. .. 11.9.62
Smart, ;KDH o ey lﬁgg 15 Lazell, M. R. . E-n-CO. .. .. .. 13962
Rylance,’ T..E,‘ LT Reg. 18.9.62 Sundaran, N. S. K. E.-in-C.O. .. .. .. 25.9.62
Bellenger, J. S. L.T. Reg. 18.9.62 Technical Assistant I to Assistant Regional Motor Transport Officer
Toose, M. C. .. L.T. Reg. 18.9.62 Shi AR HC. Rez. (o SW. R 186
Eade, D. J. L.T. Reg. 18.9.62 tbway, A- B - REE. L0 5. W, Reg. .. S
Elaétgl’nés IE o ]]:¥ ﬁ:g iggg% Technical Assistant Il to Technical Assistant 1
Gilliver, R. F.. L.T. Reg. 18.9.62 Hare, L. V. H.C. Reg. .. .. .. 3.9.62
Whitehorn, E. S. L.T. Reg. 18.9.62 -
Taylor, D. G L.T. Reg. 18.9.62 Draughtsman to Leading Draughtsman
MacDonald, G. A. L.T. Reg. 24.9.62 Goose, T. R, .. N.E. Reg. to E.-in-C.O. .. 30.7.62
Everitt, G. N. .. L.T. Reg. .. 18.9.62 Johnson, F. C. N.E. Reg. to E.-in-C.O. .. 16.7.62
Oldham, J. F... N.W. Reg. .. 28.9.62 Liewellyn, G. L. W.B.C. to H.C. Reg. 24.9.62
Brown, A. N.W. Reg. .. 28.9.62
SBurn, CIJ) Bli gg ﬁeg Hgg% Higher Executive Officer to Senior Executive Officer
teen, D. R. eg 9. ol
Bell, R NE. Res. 28.9.62 Parry, T. R. E.-in-C.O. .. 13.8.62
Draughtsman to Assistant Engineer %::;lig:e ]? ﬁ\?)\c"erHto Htghe]g El:(c:ugle Officer 17.7.62
Ralfe, C. A. L.T. Reg. 24.9.62 Embleton, A. .. E.-in-C.O. to Supplies
. Department . .. 7.8.62
Technical Officer to Inspector Pearson, E. J. .. E.-in-C.O. .. . .. 13.8.62
Ritchie, H. F. G. Scot. .. 2.7.62
Trimm, W. J. .. Mid. Reg. .. 31.7.62 Clerical Officer to Executive Officer
Parker, S. J. H.C. Reg. .. 2.8.62 Brook, F. R. .. E-in-C.O. .. .. .. 17762
Pyatt, J. H. .. Mid. Reg. .. 31.7.62 Medlen, M. J... E-nC.O. .. .. .. 8.8.62
Billings, S. T. .. Mid. Reg, 31762 | edien n
Retirements and Resignations
Name Region, etc. Date ‘ Name Region, etc. Date
Area Engineer Executive Engineer
Chapman, B. E. J. L.T. Reg. 9.6.62 Pemberton, W. J. S.W. Reg. 30.6.62
Johnson, E. W. L.T. Reg. 31.8.62 Collett, W. A... H.C. Reg. . 8.6.62
Young, J. E. L.T. Reg. 31.8.62 l Shields, A. V... E.T.E. 1.7.62
. , , i Jarman, R. A. L.T. Reg. 31.5.62
Senior Executive Engineer . Partridge, J. G. E.-in-C.O 31.8.62
Dye, F. W. G. E.-in-C.O. .. 19.7.62 ] (Resigned)
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Retirements and Resignations—continued

Name Region, etc. Date i Name Region, etc. Date
Executive Engineer—continued { Assistant Engineer—continued
Blower, G. A... E.-in-C.O. .. 11.7.62 |, Rutherford, W. R. .. L.T. Reg. .. 28.9.62
Walker, W. A, N.E. Reg. 1.9.62 | Titchett, B. (Resigned) N.W. Reg. .. 1.9.62
Pitloh, T. P. N.E. Reg. .. 16.9.62 Hibbard, V. L. J. L.T. Reg. 14.9.62
Bull. W. H. H.C. Reg. .. 28.9.62 (Resigned)
Assistant Engineer Inspector
Hill, C. M. . ET.E. 1.7.62 Kelsey, S. A. .. H.C. Reg 30.6.62
Huckfield, F. E! S.W. Reg. 6762 | Mcleod, J. Scat. s
Kingsbury, L. R. L.T. Reg 1.8.62
Percival, C.C. S.W. Reg. .. 14.7.62 Pierson. W. J NI 25.8.62
Bunn, G. C. S.W. Reg. .. 18.7.62 | (MR o o
Dixon. E. J LT. R i Barker, C. A. .. Mid. Reg 31.8.62
,E T L. .T. Reg. 18.7.62 |
; Nash, H. W. G. L.T. Reg. 31.8.62
Windsor, H. C. C. L.T. Reg. 22.7.62 Simpson. J. A NE. Re 31.8.62
Leonard, J. .. N.W. Reg. . 22.7.62 pson, J. A o8 ey
Vokes, S. A. .. S.W. Reg 22.8.62
Batch, H. R. .. H.C. Reg. . 31.7.62 5
p Hughes, J. W. .. N.W. Reg 10.9.62
Jeffery, E. G. .. E.-in-C.O. . 31.7.62 B >
. MacKinnon, A. Scot. 14.9.62
Wright, F. H. .. L.T. Reg. 3.8.62 Payne. F HC. Re 15962
Coe, H.S. C. .. L.T. Reg. 9.8.62 Toe EE WERC. © 21962
Haworth, J. .. N.W. Reg. 11.8.62 | Yo & T e s
gg;%}ggsog: I%V I. YS\/I\I)S ﬁ:g' }ggg% i Assistant Experimental Officer
Garner, J. E. .. N.W. Reg. 16.8.62 Ba(r}é(s,_P. HT E-in-C.O. .. 30.6.62
Hartley, A. A. L.T. Reg. 17.8.62 esigne. .
Suggitt, W. N.E. Reg 26.8.62 Hagget_t, M. E. E.-in-C.O. .. 30.9.62
Cooper, N. A. Scot. 28.8.62 (Resigned)
Nimmo, M. Scot. 31.8.62 X L.
Bath, R. J. .. H.C. Reg. 31.8.62 Assistani (Scientific)
Mullett J. G. (Restgned) H.C. Reg. 17.8.62 ; Stone, D. J. (Resigned) E.-in-C.O. .. 31.8.62
Goy, D.S. (Resigned) N.E. Reg. .. 31.8.62
Smale, P. H. (Reszgned) E -in-C.O. .. 31.8.62 t Technical Assistant 1
Spilsbury, J. R. E-in-C.O. .. 31.862 | Brown, J. E.-in-C.O. .. 14.7.62
(Resigned)
Trott, A. .. L.T. Reg. 2.9.62 Leadine Draught,
Hardy, G. A. E. N.E. Reg. 6.9.62 Brownj e 17.8.62
Shorey, A. C... .. L.T.Res. 7.9.62 rown, J. -5 Reg. -
Givos, W.F. . Seer 1006 . Senior Execurive Offcer
Holder, T. .. .. Mid. Reg. .. 17.9.62 | Ford, A, W, E.-in-C.O. .. 21.7.62
Smethurst, J. .. H.C. Reg. .. 18.9.62 | i .
Jamieson, D. .. .. N.E. Reg. 18.9.62 | Higher Executive Officer
Haines, J. P. .. .. Scot. 19.9.62 ! Sims, E. K. (Mrs.) E.-in-C.O. .. 16.7.62
McGregor, J. P. .. Scot. .. 229.62 |, Collett, L. C. .. E.-in-C.O. .. 31.8.62
Rowell, P. C. .. .. H.C.Reg. .. 28.9.62 Ellis, J. F. E.-in-C.O. .. 14.9.62
Transfers
Name Region, etc. Date Name Region, etc. Date
Area Engineer Assistant Engineer—continued
Horne, F. A. .. Scot. to Ghana 19.7.62 Marshall, N. E. Scot. to Foreign Office 12.8.62
Barnett, N. V. Nigeria to E.-in-C.O. .. 20.8.62
Senior Executive Engineer Ashworth, C. .. N.W. Reg. to War Office. . 6.9.62
Trwin, A, E.-in-C.O. to Nigeria . 6.7.62 , Marshall, N. E. Foreign Office to Scot. 20.9.62
Kent, S. T. E.’ E-in-C.O. to H.C. Reg. .. 16.7.62 ! S ]
Balchin, D. B. L.T.U. to E.-in-C.O. 27.8.62 Senior Scientific Officer .
Mason, H. J. S. E.-in-C.O. to L. T. Reg. 3.9.62 Hale, H. S. E.-in-C.O. to Admiralty .. 31.7.62
Carden, R. W. G. Pakistan to L.T. Reg. 13.9.62
Assistant Experimental Officer
Executive Engineer Jefford, J. G. .. E.-in-C.O. to Admiralty .. 23.9.62
Burling, K. G. E.-in-C.O. to H.C. Reg. .. 2.7.62 ;
Drinkwater, R. W. E.-in-C.O. to War Office .. 2.7.62 Leading Draughtsman
Officer, J. E. .. E.-in-C.O. to Mid. Reg. .. 3.9.62 | Carter, N. N.W. Reg. to W.B.C. 14.7.62
Bartlett, G. A. E.-in-C.0O. to Admiralty .. 1.9.62 | Hargrove K. L. L.P. Reg. to E.-in-C.O. 16.7.62
Blackburn, J. A. E.-in-C.O. to L.P. Reg. 3.9.62
Barnett, W. J. G. E.-in-C.O. to Scot. 10.9.62 \ Executive Officer
White, P. S. E.-in-C.O. to L.T. Reg. 24.9.62 Crook, J. E.-in-C.O. to Ministry of
. . | Education . 16.7.62
Assistant Engineer Hobbs, D. W... E.-in-C.O. to Ministry of
Gee, J. A. .. Nigeria to E.-in-C.O. .. 2.7.62 ‘ Health .. .. 16.7.62
Barnes, H. E. .. E.-in-C.O. to East Africa.. 4.7.62 | Robinson, E. M. E.-in-C.O. to Approved
Gregson, G. S. E.-in-C.O. to H.C. Reg. .. 9.7.62 | Employment .. . 6.8.62
Holmes, A. D. E.-in-C.O. to East Africa. . 20.7.62 Perry, J. . London Reg. to E.-in-C. 0. 7.8.62
Dixon, F. W, E.-in-C.O. to N.E. Reg. .. 30.7.62 Watson, E. M. (Mrs) E.-in-C.O. to London Reg. 9.8.62
Russell R. H E.-in-C.O. to L.T. Reg. 1.8.62 Jones, G. A. C . E.-in-C.O. to Mlmstry of
leermore R. W. D.. E.-in-C.O. to Australia 2.8.62 Education . 20.8.62
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ASSOCIATE SECTION NOTES (Continued from p. 284)

The Chairman, in making his report, wished it recorded
that the Centre was indebted to Mr. J. S. R. Lawson for the
very good work put in during his term of office as treasurer
and wished him every success on his promotion to Assis-
tant Engineer at Goonhilly Downs Radio Station.

Grateful thanks were also expressed to Mr. J. S. Brown
for the excellent work rendered during his term of office as
secretary. Best wishes were extended for his new venture
into the Regional Drawing Office, Edinburgh.

The winter session opened on 15 September with a visit
to Hughes International, Glenrothes, where the intricacies
of germanium-diode manufacture were expertly explained.
This was followed by a visit to Kincardine Generating
Station.

Other items in the Centre’s program have been:

9 October: “P.O. Standard P.A.B.X. No. 4, by Mr.

D. L. Miller.
24 October: Visit to No. 28 R.O.C., Craigiebarns,
Dundee.

6 November: ‘Perth New Telephone Exchange,” by
Mr. L. E. Pinner.

13 November: Visit to Caledonian Tooth Co., Ltd..
Industrial Estate, Dundee.

12 December: “‘Small-Diameter Coaxial Cable.” by Mr.
A. F. G. Allan, Main Lines Development and Main-
tenance Branch, Engineering Department.

The future program is as follows:
15 January: Film Show.

!

12 February: “Hydro-Board Protection and Testing,”
by Mr. R. Reekie. .

19 March: “1912 and All That. A Short History of
Telecommunications,” by Mr. R. B. Munro. Tele-
phone Manager, Dundee.

April: Annual general meeting.
R.TL.
Edinburgh Centre

The 1962-63 winter session began on 3 October when
a number of members visited Scottish Brewers, Ltd.. at
Fountain Brewery, Edinburgh. Interest was sustained
throughout the afternoon and questions were still being
asked and answered when time made it necessary to express
thanks and depart.

The section continues to prosper and attention is con-
centrated on means of improving attendances. which. at
some of last year’s meetings, were disappointing.

DSH.
Cornwall Centre

In August our members made a visit to a Bristol Proteus
installation at the English China Clay Works at St. Austell.
Members were able to see the jet engine run up and auto-
matically switch over to take the full load of the clay pits.

In September some 84 members were able to visit the
Goonhilly space-communications satellite ground station
where a most interesting morning was spent.

Our winter lecture program will include papers on,
“Cornish Mines and Mining,” “The Electronic Telephone
Exchange.” “Space Communications,” “Transistors.” and
“Peaceful Uses of Atomic Energy.”

AR.B.
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G.E.C. (Telecommunications) Ltd has
received further orders from the New
Zealand Post Office for a range of carrier
telephone equipment for use on open-wire
lines.

The order includes two types of 12-circuit
carrier telephone equipment, rural carrier
telephone equipment and a wide range of
auxiliary equipment for all systems.

CHRISTCHURCH

DUNEDIN

The main items to be supplied are :

12-CIRCUIT CARRIER TELEPHONE EQUIPMENT
12 systems operating with line frequencies 36 kc/s — 143 ke/s
12 systems operating with line frequencies 160 kc/s — 300 kc/s

RURAL CARRIER TELEPHONE EQUIPMENT
90 exchange terminal racks each with a capacity of 10 circuits
24 subscriber terminal units

Everything for Telecommunications
Transmission Division

Telephone Works - Coventry - England
Works at Coventry and Middlesbrough Smee's 125






TRANSISTORED
FREQUENCY
GENERATING
 EQUIPHENT

A range of fully transistored frequency
generating equipment is now available for
systems up to 960 channel capacity.

Various degrees of duplication of the
active elements are offered to cater for the
needs of both minor and major stations.

The speed of changeover from working to
spare equipment has been increased toavoid
mutilation of high-speed data transmission.

Transmission Division

Supergroup harmonic
frequency generating rack

Master oscillators and
channel frequency
generating rack

Group harmonic
frequency generating rack

EVERYTHING
G.E.C. (Telecommunications) Limited G E( > FOR
TELEPHONE WORKS - COVENTRY - ENGLAND TELECOMMUNICATIONS

Works at Coventry and Middlesbrough

Smee’s 126










Dots and dashes. . . too slow. They’re going o-u-t. FORMICA* industriai
laminates play an important part in today’s fast talking telecom-
munications, telephone exchanges and communications satellites.

Formica Limited make over 50 industrial laminate grades for industry,
including specialised grades famous for their electrical properties for
printed circuitry, selector bank insulation and terminal strips. With
FORMICA industrial laminates goes a complete Technical Service
which includes consultation, investigation, advice. Just write or ring.

F

Industrial laminates

*FORMICA is a registered trade mark
Formica Ltd., De La Rue House, 84-36 Regent Street, London, W.1 REGent 8020













T.O.R. fully transistorised automatic error detection and
correction equipment by Mullard Equipment Limited

now in full production

- The Mullard Equipment Limited T.O.R. is a
* completely new, fully transistorised system
. for the detection and correction of errors
~due to propagation problems or other
interfe ence in Telegraph signals passed
over radio circuits. The first

nsaderable saving in
aintenance costs.

types of trigger circuit used
ess rack conforming to

al requirements of the
itish Services e /

erational details on the T.0. R.
hhcatmn No. 9876

oyal, Cri w!ey, Sussex
rawley 28787

ULLARD EQUIPMENT LIMITED

ME 696









BALANGED CABLE -

MULTIPLEX = -

FRANZ
Fully transistorised underground repeaters are used

WAWA
[

for the first time in Canada on a 120 channel multiplex
carrier cable scheme in Northern Ontario. Northern

Telephone Limited has ploughed TABOR
in the cable between Sault Ste.
Marie and Hearst (about 350

miles) in the ballast along the

MONTREAL
FALLS

) LAKE
right-of-way of the Algoma SUPERIOR
Central & Hudson Bay Railway.

CGIDAKI
Two parallel60channel systems,
in the band 12-252 kc/s, give 120 ONANE

telephone circuits on two buried
single quad 40 I[b. polythene
cables.

The line and multiplex equip-
ment is supplied by Etelco
Canada Limited. Similar equip-
ment, designed and built by Ericsson Telephones Ltd.
is in operation in other parts of the world.

If your communications problem is one of choice
between open-wire, radio or cable, a word with our
engineers will cost you nothing and may well prove
extremely beneficial.

@ ERICSSON TELEPHONES LIMITED
Qg ETELCO LIMITED

Head Office:
22 Lincoln’s Inn Fields, London, W.C.2. Tel: HOL 6936
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