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Post Office Wideband Distribution Network

at Washington New Town

S. H. GRANGER, C.ENG., M.LE.E.T

U.D.C. 621.395.97:621.395.743

This article briefly describes the long-term objectives underlying the provision by the Post Office of a new
local-line network for the distribution of television and other wideband services in the very-high-frequency
band. Some of the main features of the transmission system, including program assembly and performance

objectives, are alyo outlined.

INTRODUCTION

For some years there has been a growing awareness of the
benefits to be gained by rationalizing the local distribution
of telecommunication services by means of a network offering
fully-integrated facilities.!»2 In July 1966 the British Post Office
Board decided that detailed technical and economic studies
should bc undcrtaken and be followed as soon as possible
by a practical trial in the form1 of a pilot scheme in a new
town.

The long-term objective might need to be approached in
several stagcs, each taking advantagc of new technological
processes. This will probably lead to the development of a
general-purposc local-line network opcrating on a digital
basis, which could provide customers with any telecom-
munication services desired, including’ thc broadcast sound
and television services, telephone, viewphone and misccl-
laneous data and signalling services. It is conceivable that
such comprehensive facilities could be delivered to each user
by means of a single communication *pipe’” providing
conncxion to a gencral-purpose communication “main.”

As a first step in the progress towards the long-term
objective, a short-term schemec has been cvolved in which
two cablc nctworks will be provided simultancously. The
first network, which will be of conventional telephone-pair
type, will exploit the frequency range 0-150 kHz for ordinary
exchange-line connexions and other facilitics requiring
rclatively low-specd information rates. The second network
will be used for the transmission of television, sound-radio
scrvices, or other wideband facilities, and will consist of
coaxial cable equipped for frequency-division multiplex
transmission in the frequency range 40-225 MHz. Connexions
from both networks will be made to every dwelling in the
areaserved.

The two cablc networks will be electrically separatc, and
the main economic benefits of this first stage of rationaliza-
tion will accrue from the sharing of common plant such as
ducts, trenches, jointing boxes and cabinets. Additionally, in
a new town there will be some benefits from the common
planning required in the simultaneous provision of the

t+ Linc and Radio Branch, Telccommunications Development
Department, Telecommunications Headequarters.

T BArRRON, D. A. Science and the Post Office. Royal Society of
Arts Journal, No. 5128, Vol. CXV, Mar. 1967

2 MEeRRIMAN, J. H. H. Future Possibilities in Exchange and
Terminal Equipment. Document 181 of the Conference on “Euro-
pean Cooperation in Telecommunications,” 15 and 16 June 1967,
sponsored by the British Counci! of the Yuropean Movement.
Rcported in the Post Office Telecommunications Journal, Vol. 19,
p. 35, Autumn 1967.

conventional and coaxial cable networks. The conclusion
reached after detailed studies of available cquipment and
techniques, and of conditions in a number of new towns,
was that the scheme would be technically and economically
viable and that the Post Office could offer these facilities at
competitive prices. Morcover, the Post Office could cxpect
that early experience of providing wideband facilities would
prove valuable when considering new and more advanced
designs, and, from the planning point of vicw, would give a
useful indication of the type of problem which could arise in
situations other than new towns.

After considering many factors, chiefly dates of commence-
ment of new-town development and rates of growth, the
site chosen for the pilot scheme was Washington New
Town in County Durham. The present population, including
that of the old town, is about 20,000 and it is planned to
increase this to 80,000 by the year 2000. Most of the growth
will occur in thc next 10 ycars.

WIDEBAND NETWORK

The transmission of wideband information can be achieved,
using known techniques, by the methods of spacc-division
multiplex or frequency-division multiplex. Space-division
systems rcquirc the use of multi-pair coaxial or symimetrical-
pair cables operating either without modulation at video
frequency or at relatively low frequencies in the high-frequency
(h.f.) range by amplitude modulation and vestigial sideband
transmission. In contrast, frequency-division multiplex
systems require a distribution cable consisting of a single
coaxial pair on which wideband information is multiplexcd
in a frcquency range extcnding over a considerable portion
of the very-high-frequency (v.h.f.) band.

The potential traffic capacity of the Post Office v.h.f.
system is very great, corresponding, with present equipment,
to some 185 MHz of bandwidth. In addition to several
channels of broadcast television there is capacity for other
wideband services such as educational and closcd-circuit
television, vicwphonc and data. If a sufficient proportion of
this capacity is exploited the cost per channcl on v.h.f. systems
is usually lcss than that of other systems. The clements of the
system are also likely to be adaptable for use with more
advanced systems which may be introduced as rationalization
proceeds.

The present task of the Post Office is to supply a com-
munication network to which customers may connect their
own tclevision rcccivers. Tt is, therefore, necessary that the
Post Office v.h.f. line system should operate ovcr a frequency
range including the whole of broadcast bands I and III to
which the majority of television receivers can be tuned. Some



dual-standard receivers will require a minor inexpensive
modification for the rcception of 625-line programs in the
v.h.f. bands.

Initially, ‘the television and sound programs to be dis-
tributed will be B.B.C. 1 and I.T.A. on 405-lines and B.B.C. 2
on 625-lines in broadcast bands I and 111, together with the
B.B.C. Radio 1, 2, 3 and 4 and the Durham local-radio
programs in broadcast band II. The positions of these bands
within the frequency range are shown in the illustration.
Equipment will be installed in readiness for the distribution
of the B.B.C. 1 and I.T.A. programs at 625-line standards
as soon as the duplicate services are available in the area.

The v.h.f. system consists of three main sections: the
central station, the main highway and the distribution
highway. The programs will be reccived, processed and
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the actual spacing of the repeaters will depend on the location
of existing jointing points on the route.

Distribution Highway

To allow for leading in and out of individual dwellings a
more flexible cable will be used in the distribution highways.
The greater flexibility is obtained by using longitudinal cor-
rugated copper tape for the outer conductor. An aluminium-
foil water barrier is included in the polythene sheath. The
characteristic impedance is 75 ohms, and at 230 MHz the
attenuation is about 120 dB per mile. The line repeaters will
generally be mounted above ground in protected accom-
modation, but, in a few instances, spectally-protected repeaters
will be mounted in joint boxes. The number of repeaters
required will depend on the housing density and other local
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Location of breadcast bands and spare capacity in the Post Office line systcm

combined at the central station before being connected to
the main highway. The main highway transuuits the programs
from the exchange to the various distribution highways,
which spread outwards to serve individual dwellings from
the samec cabinet as the telephone distribution network.
Cables will be wholly underground and routed in the same
ducts or trenches as the telephone cables.

Central-Station Equipment

Until the new telephone-exchange building is coinpleted,
the central-station equipment will be housed temporarily in
a hut on the same site. Separate arrays for each of the broad-
cast bands I, II, IIT and V will be mounted on a mast 50 feet
high that will be erected alongside the temporary hut. To
avoid co-channel interference the two 405-line television
programs will be converted to other standard channel
frequencies. B.B.C. 2, received in broadcast band V, will
also be converted to a channel in the v.h.f. band. The B.B.C.
Radio 2, 3 and 4 programs and the Durham local-radio
program will be distributed at their ‘“‘off-air” frequencies,
but the medium-wave Radio 1 prograin will be converted
from amplitude modulation (a.m.) to frequency modulation
(f.m.) before distribution in broadcast band !lI. Before
application to the converting and combining equipment,
each television channel and the output from the broadcast
band II aerial will be separately amplified and level corrected.
A pilot generator will provide a signal which will serve as a
lining-up signal for all parts of the network, as an aid to
maintenance, and as a reference signal for the gain control
of amplifiers in the main highway.

Main Highway

The cable, which should be rugged and resistant to water,
has a solid polythene dielectric and an outer conductor in
the form of seam-welded copper tube of 0-345 in. diaineter.
Its characteristic impedance is 75 ohms, and the attenuation
per mile is 110 dB at 230 MHz. Line repeaters, specially
protected for underground mounting and having a gain of
23 dB, will be provided at intervals ofabout 0-2 mile, although

conditions but, in broad terins, one repeater will be required
for every 30 dwellings.

Overall Performance

The performance objectives have been set to ensure an
acceptable quality of reception throughout the system. Of
particular importance in the planning of the system are the
operating levels and noise levels. The signal levels, when
measured across a 75-ohm termination at any viewer’s outlet
terminals, should be between 750 microvolts and 3 millivolts
r.m.s. for the vision carriers and not less than 350 microvolts
r.m.s. for the f.m. sound carriers. The r.m.s. signal-to-random-
noise ratio of the system should be better than 47 dB, and
interinodulation products resulting in undistorted vision
crosstalk should be at least 52 dB below the level of the
vision signals.

MAINTENANCE ASPECTS

It is important on this type of system, where customers’
reaction to any failure will be prompt and no doubt emphatic,
that the systemx should be inherently reliable and that any
fault can be quickly located and remedied. Reliability will
be built into the Washington system by the use of rugged
cable and solid-state equipment. Ainplifiers will be energized
from d.c. supplies fed along the cable froin float-charged
secondary batteries. Monitoring points will be provided at
the input and output terminals of all active devices, and, to
allow for speedy rcplacement, amplifiers will be connected
in the network by means of plugs and sockets.

PROVISION OF SERVICE

The first houses in Washington New Town to be cabled
by the Post Office are due for occupation early in 1969, but
the system operational date will be somewhat earlier to
ensure that service is given immediately houses are occupied.
There will be a continuing commitment to extend the service
as additional houses in the New Town estates are completed,
and very close co-operation with the New Town Corporation,
the Architect and the building contractors will be necessary.




Group Automatic Gain-Control Equipment

J. L. C. ELLIOTT, DIP.TECH.(ENG.)., C.ENG., M.LE.E.t

U.D.C. 621.395.665

Following the introduction of the group reference-pilot in the h.f. network there has been developed an
automatic method of maintaining the gain of the path over which the group reference-pilot is transmitted.
The group automatic gain-control equipment performs this gain regulation and at the same tiine gives
alarms when the gain excursion exceeds a pre-determined amount.

INTRODUCTION

Long-distance transmission of h.f. signals inevitably involves
certain variations in the overall gain of the transmission path.
These variations in gain are produced by such phecnomena as
changes in cablc temperature, aging of components in ampli-
fiers, fluctuations in the supply voltage to amplifiers and
action taken by working parties during maintenance work.
In many instances the long-term variations are automatically
compensated by level-regulating equipment incorporated in
the h.f. line system, but residual errors will occur which arc
not constant over the transmitted frequency band. Automatic
gain-control (a.g.c.) equipment has been developed to auto-
matically reduce these residual errors and also to correct any
short-term variations that may occur. It has been found that
the most satisfactory point for final regulation is at the point
where the frequency band has been subdivided into 12-circuit
groups, and so the equipment described in this article is
known as group a.g.c. equipment.

The group a.g.c. apparatus operates under the control of
the group refcrence-pilot signal, which is injected into each
12-circuit group at its point of formation. It should be noted
that if the group reference-pilot signal is injected into the
12-circuit group at a known constant Icvel then measurement
of its level at the other end of the link will enable a measure
of the gain of the link to be obtained. The level stability of
the group reference-pilot signal gencrating equipment is thus
a determining factor in the level stability of the wholc system,
and its sccurity must be ensured. Details of the group
reference-pilot signal and its method of injection are given
in an earlier issue of this Journal.*

The receive terminals of 12-circuit groups are now being
equipped with group a.g.c. equipment on the basis of one
group a.g.c. apparatus per 12-circuit group-end of channel-
translating equipment. The group a.g.c. apparatus auto-
matically measures the level of the group reference-pilot
signal, and, if it has deviated from its setting-up level, restores
it to a level very nearly equal to the setting-up level. The
equipment also gives the following facilities.

(a) Continuous gain-correction, as opposed to correction
only during routine testing.

(b) Audible and visual indication that the gain of the
transmission path (preceding the group a.g.c. apparatus) has
deviated by between SdB and 7dB from its original setting-up
gain. T

(¢) Facilities for the initiation of automatic circuit-busying
following the occurrence of a gain change as detailed in ().

The introduction of group a.g.c. equipment into the h.f.
network has resulted in a great improvement in the gain

Tt Line and Radio Branch, Telecommunications Dcvelopment
Department, Telecommunications Headquarters.

* Nauwrts, R. W. The Group Rcfcrence-Pilot Signal. P.O.E.E.J.,
‘Vol. 55, p. 237, Jan. 1963.

stability of circuits, and it has madc a significant impact on
the amount of routine maintenance required. Before the
introduction of group a.g.c. equipment, routine measurement
of the gain of a 12-circuit-group transmission path was
required with a periodicity varying betwecn one day and four
weeks, depending on the length of the 12-circuit group.
Where group a.g.c. equipment has been installed it has been
found satisfactory to simply carry out thesc measurements
on an annual basis, irrespective of the length of the 12-circuit
group. These annual routines are simply intended to reveal
faults which are hidden by the regulating action of the group
a.g.c. apparatus and which 1nay ultimately result in a complete
transmission failure.

POSITION IN H.F. TRANSMISSION SYSTEM

The group reference-pilot signal is injected into the
12-circuit group at its point of formation, in the transmit
section of the channcl-translating cquipment (terminal A,
say), and the group a.g.c. apparatus is situated at the other
terminal station of the 12-circuit group (terminal B) as shown
in Fig. 1. Another group reference-pilot signal is injected into
the 12-circuit-group path at terminal B and another group
a.g.c. apparatus is located in terminal A.

TERMINAL B

C.T.E.—Par1t of channel-translating equipment
G.T.E.—Part of group-translating equipment
A.G.C.- Group a.g.c. apparatus
G.R.P.—Group relerence-pifot

Fic. 1—Position of group a.g.c. apparatus in system

The group a.g.c. apparatus is being retrospectively pro-
vided for association with existing 12-circuit groups, and
where this is done the inputs and outputs of the group a.g.c.
apparatuses are cabled to the group distribution frame (‘‘free”
provision*). For new work, where channel-translating equip-
ment and group a.g.c. equipment are installed at the same
time, the outputs of the group a.g.c. apparatuses are cabled
directly to the appropriate inputs of the channel-translating

* See footnote on next page.



equipment (“‘fixed”’ provision*), thus reducing the amount of
station cabling required for the interconnexion of equipments.

The present practicc is to equip every 12-circuit group with
group a.g.c. apparatuses. However, with the application of
frequency-division multiplex techniques to short routes and
the provision of regulated-line systems for the transmission
of the h.f. signals, the provision of group a.g.c. apparatuses
on routes under 25 miles in length is under review. This
review may prove to be unnccessary, because pulse-code-
modulation techniques will probably be adopted for circuits
up to 25 miles in length. If pulse-code-modulation techniques
are not adopted in the way anticipated and if it is necessary
to employ frequency-division multiplex techniques on routes
under 25 miles in length then it will be nccessary to arrive
at a decision concerning the provision of group a.g.c. appa-
ratuses on these routes. In rcaching this decision it would
be necessary to consider the difficulties that would be encoun-
tered if it was necessary to provide a group a.g.c. apparatus
on some 12-circuit groups but not on others.

System studies have shown that supergroup a.g.c. equip-
ment} is not at present required in the United Kingdom
inland network and that only one group a.g.c. apparatus is
required on any one 12-circuit group. It would therefore be
convenient to associate the group a.g.c. apparatus with the
channel-translating apparatus, and future designs of channel-
translating apparatus may well incorporatc the group a.g.c.
apparatus.

EQUIPMENT PRINCIPLES

The 12-circuit group occupying the frequency band
60-108kHz cnters the group a.g.c. apparatus at GROUP A.G.C.
N (Fig. 2), and the signal is normally routed through the
apparatus via control attenuator AT2 to GROUP A.G.C. OUT.
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Notes:
1. Relay SA is normally operated
2. Contacts SA1 and SA2 arc shown operated

Fi1g. 2—Block schematic diagram of group a.g.c cequipinent

* The terms “‘frce” or “fixed” are used to indicate, respectively,
wither the group a.g.c. apparatus is free to be associated with any
chanuel-translating apparatus via intcrconnexions on the group dis-
tribution frame, or whether it is cabled direct to a specific channel-
translating apparatus.

T Supcrgroup a.g.c. equipment—a.g.c. equipment controlling the
transmission-path gain over thc basic supergroup band, 312-
552kHz.

4

The apparatus is a nominally 0 dB gain device, but the gain
may be varied by the control attenuator AT2. The attenuation
of control attenuator AT2 depends on the output of a com-
parator that compares a d.c. reference voltage with the d.c.
voltage produced by the filtered and detected group refercnce-
pilot signal selected at the output of the apparatus.

Tt would be ideal if the gain of the apparatus were dependent
only upon the level of the incoming group reference-pilot
signal. However, the pilot signal is present with other signals
in the transmission band. and it is nccessary to separate it
from the rest of the signals being transmitted over the system.
The mcthod employed to select the group reference-pilot
signal should be such as to prevent signals (other than the
pilot signal) changing the gain of the apparatus by more than
0-1dB under normal working conditions. Filter L is pro-
vided to achieve this aim, and it is designed to pass a band
of 84-080 = 0-003 kHz and to discriminate against signals
outside this band. A typical discrimination/frequency charac-
teristic for filter FL is shown in Fig. 3.
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Fic 3-—Wiscrimination/frequency characteristic of group
rcference-pilot selection filter

In order to appreciate the discrimination requirements for
filter FL it is useful to consider the utilization of the frequency
spectrum in the region of the group reference-pilot signal
(Fig. 4). The wanted sideband of each channel is shown as

(-]
>
jur)
3
-
=
w
b
=
E
e
a. m
=5
oo
CHANNEL |
7/
i ’
CHANNEL 7 \ CHANNEL 6 |
| |
~ ] |
806 837 | | | 846 877 880
84:175
84-080
84-0

FREQUENCY (kHz)
G.R.P.—Group reference-pilot

FiG. 4—Position of group reference-pilot within the
12-circuit-group spcctrum

channel x, and the corvesponding unwanted sideband is
channel x’. The audio bandwidth transmitted by each channel
is limited to 0-3-3-4kHz, and so between 83-:700 and
84-600 kHz the channel-translating apparatus band-restric-
tion filters will limit the level of the wanted sidebands of
channels 6 and 7. The balance of the necessary discrimination
over this band is introduced by filter FL. However, over the



band 84-080 + 0-003 kHz filter FL cannot introduce any
discrimination, and so special measures are taken within the
channel-translating apparatus so that sufficient discrimination
is given against channel 6 signals that lie in this band.

Parts of the unwanted sidebands of channels 7 and 8 also
lie in the band 83-700-84-600 kHz, and discrimination
against these signals is introduced by the channel-translating
apparatus and filter FL. Filter FL also introduces at least
19 dB discrimination against channel 7 carrier leak at
84-000 kHz, and at least 2t dB discrimination against out-
band signalling at 84-175 kHz. Outside the band 83-700-
84-600 kHz all the necessary discrimination against the
12-circuit-group signals in the band 60-108 kHz must be
introduced by filter FL. Carrier leaks (in the range 420-
612 kHz) from the group-translating apparatus may appear
at the input of the group a.g.c. apparatus at the same level as
the group reference-pilot signal (—20 dBmQ). The unwanted
upper sidebands from the group-translating apparatus will
appear at the input of the group a.g.c. apparatus in the
range 732-1,164 kHz (depending which group of the super-
group is being considered), and these may be at the same
level as signals in the wanted sideband. Filter FL must dis-
criminate against both the group-translating apparatus carrier
leaks and unwanted sidebands.

The effect which any given interference signal (frequency
other than that of the group reference-pilot signal) has on
the gain of the group a.g.c. apparatus depends on the detec-
tion characteristic of the apparatus as well as the discrimina-
tion introduced by filter FL. In determining the discrimination
limits for filter FL it was assumed that the detector within
the group a.g.c. apparatus had a mean linear rectified detec-
tion characteristic. If the characteristic of the actual apparatus
differs from that assumed, the difference in the margin of
interference (required to give the appropriate apparent
increase in signal level) between that given by a mean linear
rectified detector and the particular detector employed by the
group a.g.c. apparatus should be added to the discrimination
requirements of filter FL.

A change in the level of the group reference-pilot signal at
the input of the group a.g.c. apparatus results in a change in
the attenuation of control attenuator AT2, and the change is
in such a sense as to oppose the change in level of the
incoming pilot signal. It is not possible to restore the level
at GROUP A.G.C. OUT to exactly its setting-up level, because
a small servo-error must exist to maintain the attenuation of
control attenuator AT2 at its abnormal value. Level variations
of the group reference-pilot signal at GROUP A.G.C. IN are in
fact reduced to approximately one-tenth of these variations
at GROUP A.G.C. ouT, within a range *=3-5dB from the
setting-up level at GROUP A.G.C. IN. The group a.g.c. apparatus
introduces no additional control after the level of the group
reference-pilot signal has deviated by more than 6 dB from
its setting-up level at GROUP A.G.C. IN, and it is not permitted
to increase the gain of the 12-circuit-group path by more
than 5dB. This limit is required to ensure the stability of the
circuits on restoration of a disconnexion affecting both
directions of transmission, as the gain introduced by the
group a.g.c. apparatus at this instant will be at its maximum
value (10 dB reduction in margin of stability). It is also
desirable to limit the noise level under fault conditions, and
so the amplification introduced by the group a.g.c. apparatus
must be restricted. A typical control characteristic is shown
in Fig. 5.

Generally, the group a.g.c. apparatus reduces the amplitude
of any gain change in the transmission path traversed by the
controlling group reference-pilot signal. However, for certain
rates of change the group a.g.c. apparatus can enhance the
gain change, and the magnitude of the change and the rate
of change at which the maximum change occurs is determined
by the magnitude and phase of the feedback signal produced
within the apparatus control loop. This effect is known as
gain enhancement and is expressed as the ratio of the group

reference-pilot signal variation at GROUP A.G.C. ouT to that at
GROUP A.G.C. IN. This problem is currently being studied by
the C.C.I.T.T.,* and their draft reccommendations are:

(a) the group a.g.c. apparatus should be designed in such
a way that the output level variations as a function of time,
resulting from a step change in the level of the incoming
group reference-pilot signal, should never exceed that of the
change which caused them, and

(b) the gain enhancement produced by the group a.g.c.
apparatus should not exceed 0:-26 dB.

Any variation in the gain of the path between the hybrid
transformer, T in Fig. 2, and the input to the comparator
will result in an equal variation in the gain of the group a.g.c.
apparatus, and so every attempt is made to design very stable
devices for inclusion in this path. Variations in the gain of
the path between GrROUP A.G.c. IN and the input to hybrid
transformer T will be equivalent to changes in the gain of
the system and will be automatically corrected. The stability
of the devices in this path is, therefore, not as critical as the
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FiG. 5—Group a.g.c. apparatus control characteristic

stability of the devices in the former path. It should also be
noted that a very stable d.c. reference voltage is required for
application to the comparator, as this will also determine the
gain of the apparatus.

It would be ideal if any variations in the level of the group
reference-pilot signal were corrected instantaneously, but the
apparatus is designed to have a response such that it takes
about 20 seconds to bring a 4 dB step change in the pilot-
signal level back to within 0-2 dB of its final controlled level
at GROUP A.G.C. oUT. The first reason for this is that it has
been found uneconomical to completely filter out at source all
transient interferences with the group reference-pilot signal.
The most troublesome source of transient interference is the
L.f. energy that is produced by such things as incoming and
outgoing signalling relay-sets, and switching transients in
exchange and subscribers’ equipment. This L.f. energy is at a
high level and, if it is applied to channel 7, the resulting
unwanted sideband frequencies (channel 7° in Fig. 4) lie in
the passband region of filter FL. The second reason for the
slow response-time is that it is undesirable to change the gain
of the apparatus when a transient break occurs in the trans-
mission of the group reference-pilot signal. The slow response
isnormally achieved by making the variable element of control
attenuator AT2 an indirectly-heated thermistor with a large
time-constant.

The FIXED GAIN/AUTO GAIN link is provided so that the
apparatus may be adjusted to give a fixed gain during setting-
up. The link disconnects the control attenuator AT2 and
connects in its place a fixed attenuator AT1.

* C.C.I.T.T.—International Telegraph and Telephone Consultative
Committee,




Group a.g.c. equipment is at present being manufactured
for the British Post Office by four contractors, and onc of
these equipments, in 62-type construction practice, is shown
in Fig. 6. Thisequipment includes six group a.g.c. apparatuses,
one group a.g.c. common alarm and, if required, a plate
mounting two test-trunk terminations. Thc group a.g.c.

delay network is therefore mounted in the group a.g.c.
common alarm, and this is connected to all the group a.g.c.
apparatuses that it serves by three common wires, W1, W2
and W3 (Fig. 2). Relay AL, in operating, connects an earth
to wire W1, and 30 seconds later relay SA releases and
operates the station alarms. The GROUP A.G.C. ALARM lamp

L

F16. 6—Group a.g.c. equipment—Equipment, Amplifying, No. 1000

common alarm is capable of serving all the apparatuses
mounted on the rack, and so the other equipments mounted
on the rack need only contain group a.g.c. apparatuses.

ALARM ARRANGEMENTS

The group a.g.c. apparatusis able to provide alarm facilities
by making a very simple addition to the basic a.g.c. circuit.
The alarms are opcrated when the level of the group refercnce-
pilot signal at GRoOuP A.G.c. ouT deviates from its setting-up
level by more than +(1-5 to 2-0) dB. At this deviation the
input level has deviated from normal by about 6 dB. These
alarm points were choscn bearing in mind the present main-
tenance standards whereby a circuit is adjusted if its gain
changes by 2dB, and is taken out of service when it has
deviated by 4dB or more from its setting-up value.

The alarm circuit is connected to thc a.g.c. circuit at the
output of filter FL. The filtered group refercnce-pilot signal
appearing at this point enters amplifier 3 where it is amplified,
rectified and the resulting d.c. voltage compared with reference
voltages corresponding to the two alarm points. When the
d.c. voltage lies between these reference voltages, relay AL is
in its unoperated condition, but when the voltage lies outside
this range relay AL is opcrated and an alarm is given.

In the previous section it was stated that the effcct of
transient interference is minimized by the slow response of
the group a.g.c. apparatus. The suppression is achieved by
delaying the change in gain of the apparatus and hence
reducing the output-level variations during the transicnt
cffective level changes of the group reference-pilot signal. The
operation of relay AL is, however, directly dependent
upon the effective level of the pilot signal, and so it will
operate to these transicnt cffective level changes. Thus, a
delayed-action ajarm circuit is required. Whecre a common
alarm-delay circuit is employcd the delay time is detcrmined
by the need to avoid integration of the operate times of the
AL relays of all the group a.g.c. apparatuses connected to
the delay circuit. A delay time of 30 seconds has been found
to be satisfactory in practice. A delay is also necessary to
prevent short-term operation of the alarms if the level of the
group reference-pilot signal at GRouP A.G.c. out would
eventually be restorcd to a level at which alarm conditions
arc not given by the apparatus, the initial change in level of
the pilot signal at GROUP A.G.C. IN remaining unchanged.

Tt is possible to share the delay network between all the
group a.g.c. apparatuses mounted on a 62-type rack. The

glows, and the maintenance engineer locates the particular
group a.g.c. apparatus giving rise to the alarm condition by
operating the bpispLAYy key, D, and hence energizing the
ALARM lamp on the appropriate group a.g.c. apparatus. The
alarms may be ceased by operating the RECEIVE ATTENTION
key, RA, but the alarms are again initiated if the level of the
group reference-pilot signal is restored to within the alarm
range while the RECEIVE ATTENTION key is in its operated
condition. If the pispLAY key is inadvertently left operated
with all the apparatuses with which the group a.g.c. common
alarm is associated in their normal condition or with RECEIVE
ATTENTION keys operated on all those in which alarm con-
ditions exist, then the vIsPLAY ALARM lamp is lit and the
station alarms initiated.

These alarm arrangements are being standardized, and
when this is done it will be possible to associate a group
a.g.c. apparatus of any design with the group a.g.c. common
alarm that may already cxist on the 62-type rack on which
the apparatus is to be mounted.

When relay AL operates an earth is applied to an apparatus
connexion point, and this may be extendcd to the telephone
exchange where the appropriate telephone circuits may be
busied. It should bc noted that if the failurc only occurs in
one direction of transmission then only the tclephone exchange
at one end of the link will be aware of the failure. However, an
alarm-transmission systcm is being investigated, which, if
introduced, would enable both telephone exchanges to be
made aware of a onc-way transmission failure.

CONCLUSION

The introduction of group a.g.c. equipment into the h.f.
network has automated thc 12-circuit-group gain-correction
function. Gain correction is continuous, and so a great
improvement in the gain stability of 12-circuit groups has
resulted. When the group reference-pilot level deviates by a
pre-determined amount from its setting-up level, alarms are
operated and an carth is applied to a connexion point. Addi-
tional equipment may be connected to this point to initiate
the busying of thc approypriate telephone circuits when alarm
conditions exist within the group a.g.c. apparatus.
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This article is one of the series on semiconductor device developments, and describes the manufacture and
testing of a Post Office silicon planar transistor of high reliability. Such transistors have an important
application in submerged-repeater systems, and a life of at least 20 years with no more than a 10 per cent
change in electrical characteristics is required.

INTRODUCTION

An article on semiconductor device development was
published in October 1966 in this Journal' as the first of
a series. The present article, in the same serics, outlincs the
manufacture and tcsting of a British Post @ffice silicon planar
transistor of high reliability called the 4A (ype. The first
application for this transistor is to 640-circuit submerged-
rcpeater systems with 3 kHz channel spacing and transmitting
frequencies between 312kHz and 4-772 MHz. Typical
repeaters with four transistors in thc signal path would
have a gain of about 43 dB at the upper frequency and would
be spaced at some 75 nautical miles (n.m.) along a 1 in.
diameter cablc. For thc longer systems (800 n.m. or more), in
deep water for the most part, very high reliability is essential.
Each transistor should have a forecast life of 20 ycars with
no more than a 10 per cent changein electrical characteristics
m that time (see Appendix for typical clectrical paramcter
values for thc 4A2B and 4A2C transistors), and thc average
gain-change for thc system should not cxcced 2dB.

In this article it is assumed that the reader has a general
knowledge of the technology of silicon planar transistors.?2 A
brief description will be given of the design features, manu-
facturing processes, and thc testing methods and precautions
which contribute to the production of thc reliablc 4A2 typc
transistor. Results of some accclcrated life tests are included.

DESCRIPTION OF 4A2-TYPE TRANSISTOR

The design of the 4A2-type silicon planar n-p-n transistor
is, with certain differences, gencerally as described elsewhere.?
®ne important difference is that the device is formed in an
epitaxial film of silicon grown on a single-crystal silicon
substrate. The epitaxial film has a uniformly-distributed
impurity addition of phosphorus (n-type) with a concentra-
tion of about 2-5 x 10!® atoms/cm? to achieve a resistivity
of 2 ohin cm, which is generally consistent with the electrical
performance rcquircd of the transistor. The substratc is also
n-type and has a high concentration of antimony to obtain a
low resistivity, 0-003 ohm cm, which permits a transistor to
have a low resistance in the collector connexion.

Successive diffusions of impurities into the epitaxial laycr,
first of boron (p-typc) and then phosphorus, as later briefly
described, form two junctions scparating thc cmitter, thc base
and thc collector regions. Conncxions arc madc to thc two
former by aluminium electrodes which are evaporated on
parts of the areas where the base and emitter regions lie in

T Post @ffice Research Station.

the surface. The collector connexion is made to the back of
the substrate. A single transistor thus formed in a silicon die
] mim square is brazed dircctly to a gold-plated header of the
TO-5* pattern so that the collector connexion is made to
the base of thc header. The braze is formed by an alloy of
silicon from the die and gold from the thickly-plated headcr
when the two are heated together bricfly at a temperature
of 380°C.

The terminal posts of the header are connected to the
transistor electrodes by aluminium wires 0-001 in. in diameter
which are eyelet-bonded?® to posts and electrodes. Thc eyelet
bond, another main difference in design, establishes a reliable
connexion to the transistor and is able to break through a
thick coating of aluminium oxide formed on the surfacc of
the electrodes during a final bakc of the slice at 500°C in air.
This bake cleans up and stabilizes the device and contributes
towards attaining rcliability. As a further contribution to
rcliability the use of aluminium wire instead of thc more
usual gold avoids the presence of gold on the electrodes and
the attendant risk of formation, in the course of time, of
gold-aluminium silicon alloys which could increase the con-
tact resistance and, by being mecchanically weak, promote
disconnexions.

PRODUCTION ORGANIZATION

The objective of the production unit is to manufacture
transistors to closc electrical tolerances and with a high degree
of reliability, which is demonstrated by accelerated life testing.
Confidence in life testing can only be achieved if the product
is uniform, and it is imperative that all manufacturing
processes and factors affecting the product must be well
controlled and continuously monitored. Clean working con-
ditions are essential.* Control must be exercised over not
only the processes but also the materials,components andequip-
ment as well as the procedures followed by operators. To
make this control fully effective all procedures must be fully
documented and comprehensive records kept and scrutinized.

A detailed instruction has been prepared for cach step of
production, including purchase and preparation of materials,
inspection, preparation of parts and thc many production
processes. For each slicel proccssed, a dctailed history is
recorded showing valucs of controlled variables, inspection
and sampling results, dates, time, operator identity and any

* TQ-5 defines the outline of the transistor encapsulatien and is
widely referred to in manufacturers’ literature.

I A silicon slice 25 mm diameter and 0-25 mm thick is the unit
which, ideally, could produce some 400 separate transistors.



observed data, all of which are recorded for reference and
analysis. This information is uscd for production and quality
control during production of devices, and, later, is combined
with electrical measurement results to enable a final assess-
ment to be mnade of the finished product.

This need for control is reflected in the organization of the
production unit, which is shown schematically in Fig. 1. Alt
materials and components used in production processes are
given discretc batch identities on reccipt and arc issued for

use in production only when their quality has been assured
by preliminary tests. The identity of each batch is recorded
and this is noted when materials and components are used.
This information is of value when any subsequent significant
variations in the product are being investigated and rectified.

PRODUCTION SEQUENCE

The outline production sequence shown in Table 1 and Fig. 2
has been developed from the basic technology.2 The processes
numbered 9, 10, 14 and 20 have been introduced to improve

SERVICES control and to give a more complete history of the end pro-
r EQUAI:SIENT p—— duct. The final visual inspection of a device prior to encapsula-
| tion is purely subjective, but the inspector’s assessmcnt is
: backed by a colour microphotograph for the active area of
| the transistor. This photograph is used during thc final
- : PRO?J""CITT“’" T0 INSPECTION asscssment of a transistor prior to its certification for release
— SSPTE&';SL :;g::“'#é" ; e SELECTION for use in a submerged repeater. .
— et anoEoA:r RELIABILITY TESTS The sequence shown in Table 1 is an outline only. Every
i : AND ISSUE step in the process listed requires much care and concentra-
[ | tion on the part of thc opcrator. There are also many routines,
} | not shown in the table, for cleaning of work carriers and small
! _.PREFF”::ITSlON | tools, for example, and for the cleaning and adjustment of
[ ms:ggnou - <t equipment to keep it in first-class condition.
!l A I‘ — Listed alongsidc cach process is a brief description of the
| + , 4 * + inspection applied to the product at that stage. The results of
- . L the inspections arc recorded on a slice record sheet for full
QUALITY CONTROL analysis later, and are used, where appropriatc, for preserva-
> PRODUCTION ROUTE tion.of uniform mctpodg and as an aid to the control of
—~———= SAMPLES ANO DATA quality. Some inspection is carried out by the operators, who
—— ~-=DECISIONS arc encouraged to be objectively critical of their own work
F1G. 1—Organization of production unit and to report any abnormality which they find.
TABLE 1
Outline Production Sequence
Process
Quality-Control Action
No Description
1 Slice cleaning 100 per cent visual inspection of silicon slices for crystalline defects. Resistivity imeasuremcnts,
2 Ist Oxidation Onc control slice per batch for cvaluation. Exatnination of oxidc thickness (Fig. 2(«)).
. Record: temperatures, duration, date and operator.
3 1st Photolithography: Microscopic examination (X 350) for dcfinition and unifornity of pattern (Fig. 2(4)).
basc pattern
4 Boron diffusion One controlslice per batch for evaluation of surfacc concentration and junctiondepth (Fig. 2(¢)).
L Rccord: temperature, duration, source, gas {flow, dew points, slicc position, operator, date.
5 2nd Oxidation Occasional control slice for evaluation. Rccord: temperature, duration, date and operator.
6 2nd Photolithography: Microscopic examination (X 350) for dcfinition, size, uniformity and alignment (Fig. 2(c)).
enmittcr pattern .
7 Phosphorus diffusion: One control slice per batch for evaluation of surfaccconcentration and junction depths (Fig. 2(e)).
emitter rcgion Rccord: tempcrature, duration, source, gas flow, dew point, slice position, operator and date.
8 800°C Bake. Oxide Rccord: tempcerature, duration, data and operator.
stabilization
9 3rd Photoljthogl'aph)f Ten contact-window patterns yield devices for 2-probe electrical mcasureinents.
10 4th Photolithography: Microscopic examination (X 350) for dcfinition, uniformity and alignincnt,
graticulc and numbers
11 Sth Photolithography: Microscopic examination (X 350) for dcfinition, size, uniformity and aligmnent (Fig. 2(f)).
contact areas
12 Aluminium evaporation Control slice per batch for thickness and uniformity of aluminium film. Record: temperature,

13 6th Photolithography:
contacts
14 Slicc inspection

15 500°C Bake. Surface

stabilization

16 Dicing

17 Headecr selection and
clcaning

18 Dice-to-header brazing
19 Wire bonding

20 Tnspcction and

photography
21 Can sclection and

cleaning reject ratc, operator and date.
22 Encapsulation

pressurc and duration of cvaporation.
Microscopic cxamination ( X 350) for size, definition, alignment and uniformity (Fig. 2(g)).

Microscopic exatnination ( X 350) of cach device for defects in oxidc, aluininium and photolithography.
Record: the scrial number of cach defcctive device.
Record: temperature and duration.

Periodic inspection of dice edge for dcfects. Record: slice number, datc and operator.
100 per cent microscopic examination (x 50). Record: reject ratc, quantities, date and operator.

Two samples per batch of 25 destructively tested to show uniformity of braze. Record: slice
numbcr, tray number, opcrator and date,

Two samples per batch of 25 destructively tested for bond strength.

100 per cent microscopic examination (x350) of dcvices. Microphotographs are taken of
each good device. Record: rgjccts, dice numbers, exposurc numbcrs, date and operator.

100 per cent microscopic cxamination (X 50) for damage and engraving. Record : scrial numbers,

100 per cent visual inspection of welds. Record: defcects, rclated dice and serial numbers, slice
and batch details, date and opcrator.
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QUALITY CONTROL
Objectives and General Organization

The primary objective of both production and quality
control is to provide a high yield of transistors manufactured
to meet a user specification with early cvidence of good
potential rcliability. With this aim in mind, quality control
has been approached firstly as a scientific enquiry carried out
by a section working in close collaboration with the produc-
tion team. Manufacturing processes are studicd and customary
mcthods of sampling and inspection are employed. The results
of information thus gencerated are carefully studied in order
to provide production guidance and to ensure that the best
promise of device-quality is achieved. The general deployment
of this effort is shown in Fig. 3, where distinction has been
drawn between the flow of samples and data used to judge a
process and the function of control based on assimilated data.

Physical Parameters of Transistors

Some of the more important physical parameters are shown
in Fig. 4. Control of these parameters together with the choice
of planar geometry is of prime importance in determining the
electrical performance of a completed transistor. All these
paramneters are subject to process variation and must be
carefully monitored. The shaded area in Fig. 4 represcnts the
dominant factor which often determines the current gain and
cut-oft frequency of this type of transistor, in which surface
effects are negligible. The shapc and major dimensions of
this region are dependent on the processing factors listed
in Fig. 3.

One of these parameters is junction depth, and this can be
estimated by taking a section through a transistor at an
oblique angle. A solution containing copper sulphate is used
to stain the n-type regions, and a depth measuremecnt of the
now visible junction can be inade using optical interferometry.
Such a section is shown in Fig. 5. Another parameter is the
concentration of impurity atoms at the surface plane. A
measurement of the conductivity of the p-type layer formed
by the diffusion of boron into a control slice is made with a
4-probe test equipment, and from this the surface concentra-
tion can be estimated assuming an impurity profile based on
simple diffusion.* A knowledge of the quality, continuity and
thickness of the silicon-dioxide layer is important in order to
ensure adcquate protection of the silicon against the diftfusion
of contaminants which may otherwise lead to early failures.
Measurement and control of the thickness of aluminium is

* Such theory differs from practical reality in several aspccts that
will not be discussed herc. Howcver, this model presents a basic
guide for the purposc of this article.

FIRST
PRODUCTION
BURN -IN we=| SELECTION w | OPERATIONAL FINAL w-| DESPATCH
MEASUREMENT (uereery F—— TEST SELECTION CERTIFICATION
SCREEN, |
¥ ¥ )
1 ! I
- l '
L AL ] PRODUCTION pRoGaaG | | LIFE TESTS _|Revamiry| K
CREPARATION UNIT RECORDS | STEP STRESS ASSESSMENT
— ; (
| | '
[ | l
| | ASSESSMENT I PRODUCTION
| | BATCH | " | sTEP STRESS
| 1__1 [
L QUALITY-
———{ conTroL I ——=~ PRODUCTION
INSPECTION | ____ i SAMPLES ANO MEASUREMEHTS
MEASUREMENT = == > CONTROLS

Fi1g. 3—Organization of production, quality control and life asscssment



10"
T CSB-

£)

IMPURITY 10"

CONCENTRATION

el
IN ATOMSIleol7

104
'oll_
T 7
m | 2 I W 120
s cs DEPTH x =~
r<— EMITTER —-I- - BASE —+ - COLLECTOR SUBSTRATE
n-TYPE p-TYPE n-TYPE n'-TYPE
Fe——————  EPITAXIAL LAYER —
——— Net concentration of ionized impurity atoms
— ——— Concentration due to boron atoms only
. s Typical | Related Electrica!
Symbol Description Controlled by Value Parameter
Cos Concentration of [{Substrate manu- 5x 1019 VCE(8AT)
antimony dopant | facturer atomsfcm3
in Si substrate.
Cog Concentration of | Epitaxial growth. | 2:5x [0S | Vpr(cB0), Cob
) dopant in cpi- atomsfcm?3
taxial laycr.
Csp Surface concen- | Boron source, 2x (08 VBRCBO)
tration of boron | temperature, atomsfcm?
impurity. water content
and transport.
Cap Surface concen- | Source composi- 5% 1020 hpe at high
tration of phos- tion, furnace atomsfcm3 | current
phorus impurity. | temperature.
XiCB Collector-base Diflusion time 2:4 . 1
junction (net and temperature.
impurity conc. Cpy: and Cgy.
zero),
X|EB Emitter-base Diftusion time 1:2 1.
junction (net im- | and temperature. T
purity conc. zero) | Cgpr and Cxg. ,,I:Z’"
Cgp Maximum net xjce, CsB ~1017 T
concentration ix atomsfcm3 | ¥Fpr(cso)
the base.
w Base width. xjpc and XjEB. 120
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essential if the contact arcas arc to be formed by selective
etching while still retaining good edge-definition.

So far the factors enumecrated provide a physical target area,
and success is determined by the control marksmanship com-
bined with variability introduced by factors that cannot be
controlled sufficiently with cquipment and methods currently
available.

Factors Affecting Device Stability and Reliability
Therc remain now thc factors affecting device reliability.
Chemical residuess or contaminants arising out of the transfer
or processing of piecc-parts before encapsulation arc likely
to be detrimental to the stability and reliability of devices. It
is hoped that such contaminants left after suitablc washing
in solvents arc volatile or can be passivated. Either way the
problem may be solved by baking; for example, steps 8 and 15
of Table 1. If contaminants on the surface or associated with
the silicon dioxide arc electrically polarizable they can
migrate in the fringe field of the collector-base junction.
Surface states may be formed which, during the operation of
the transistor, can lead to a reduction in current gain and
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may cause a serious increase in leakage currcents duc to the
formation of a conducting channel. Both effects would have
catastrophic consequences were they to occur during the life
span of a working system.

Normal chemical tests are often neither sufficiently sensitive
nor conveniently adapted to reveal the presence of contamina-
tion at the time of manufacture, It is the practicc to asscss a
10 per cent sample of transistors drawn from cach slice. The
asscssment starts with a period of storage, without current
bias, at 350°C to accelcrate any chemical reaction caused by
contamination, to see if dctrimental electrical effects can be
induced. Treatment of the samples is followed by a pcriod of
stcady over-stress, with clectrical power applied, at 280°C in
order to assess the potential reliability of each processed slice.
Over-stress is important as a check on slice viability at the
earlicst possible stage in production, and it enables a forecast
to be made of the potential device-yicld beforc continuing
with processing. This procedurc also provides useful evidence
of the effectiveness of process control, and, in the case of
failed transistors, leads to carly action in fault finding in
batch trcatment.

A continued study of the information accumulated by
quality control provides the esscntial background leading to
the evolutionary reduction of process variability by new and
improved processing techniqucs. Eventual confirmation of the
success of device production comecs later, after a searching
rcliability exercise which combines both steady ovcr-stress
and operational life testing of transistors as described later.

MEASUREMENT IN DEVICE PRODUCTION

The operation of an effective system of quality control in
the production of transistors depcnds on the acquisition of
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accurate and reliable electrical measurement data at key
points in processing. The measurement plan cvolved for the
4A2 device is shown in Fig. 6. Commencing with a group of
transistor elements processed from one silicon slice and
awaiting bonding and encapsulation, a sample batch is first
subjected to a series of a.c. and d.c. electrical measurements.
After a 3-hour period of storage at 350°C without electrical
bias, a second set of measurements is obtained. The devices
are then given a 20-hour ‘“‘burn-in,” i.e. stressed at a tem-
perature of 280°C under conditions of electrical power dissipa-
tion (140 mW), and a third set of measurements is taken.
The sample data obtained in this way enable the potential
quality and yield of the parent group to be asscssed.

The remaining devices from the slice are then processed to
form a production batch. After initial d.c. measurements the

batch is subjected to thermal storage without electrical bias;
then a second set of measurements is obtained. This is
followed by a burn-in for 150 hours at 212°C with 500 mW
dissipated in each transistor, and by further measurement.
Assessment of the combined sets of results enables the devices
to be provisionally coded into the main variants of the 4A2
specification and defective transistors to be rejected. Devices
falling slightly outside the set of limits arc diverted for life
tests under thermal storage conditions and a proportion
rcceive a thermal step stress.

Those devices provisionally allocated for repeater use are
first given a full set of electrical measurements, then operated
at 50°C for a period of 3 or 6 months, depending on their
future use. After this the devices are tested mechanically and
are measured again. Finally, from an analysis of the electrical

LOCAL RECORD AUTOCODE
FOR PROGRAM
LOGGER OPERATOR CONTROLLING
AHD COMPUTER
QUALITY CONTROL
| [(rovancE warNIHG)
D.C. COMBINATIOH
MEASUREMENT OF A.C./DC. -
OK AUTO DATA TAPES FOR ELLIOTT 803 COMPUTED AHO AHALYSIS OF
LOGGER —| ONE BATCH DIGITA TABULATED RESULTS
t RESULTS AND PRODUCT
COMPUTER (FLEXOWRITER) CONTROL
| L
—
A.C. — ADDITIONAL
DATA OTHER DATA TAPES
MEASUREMENTS | .|, o FOR SAME RESULTS
RECORDED ON TRANSISTOR BATCH | —>— SUMMARY FOR
DATA SHEETS | O TAPE LOHG-TERM
— —— AHALYS(S
| ATALTSLS ]

S-track Elliott-coded punched tape
8-track Elliott-caded punched tape

F16. 7—Transistor-measurement data-processing system
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history, an assessment is made of each transistor before a
test certificate is prepared and the device is released for service
in a system.

The compilation and processing of the electrical data make
use of punched paper tape employing the 5-hole Elliott code.
Each time d.c. measurements are made on a batch of tran-
sistors, a tape is produced which contains a sequence of
12 parameters for each device, suitably identified. Additionally,
a separate tape is punched when a.c. parameters are required,
and tapes are combined to form a composite record of the
batch for a particular stage in processing (Fig. 7).

When the requisite number of such data tapes has been
obtained for each batch measured, an autocode program is
run into the Post Office Research Station Elliott-803 computer
together with the tapes and certain selected limit criteria. The
tape output from the machine containing the results of the
computation is fed to a flexowriter to produce a page print-
out which includes a statistical analysis of the batch results.

The print-out first lists the batch and slice numbers from
which the devices were produced, togcther with other informa-
tion identifying the measurement conditions. The parameters
shown in Tables 2 and 3 are then listed, together with the
serial number of each device.

TABLE 2

D.C. Parameters

Emitter-base leakage current IEBO
Collector-base leakage current IcBoO
Collector-base breakdown voltage VBR(CBO)
Emitter—base breakdown voltage VBR(EBO)

Forward current transfer ratios at five specified hFE
bias currents

Emilter—base saturation voltage VBE(saty
Collector—emittcr saturation voltage VCE(sat)
Collector-emitter sustaining voltage (under VCEO(sust)
pulse conditions)
TABLE 3
A.C. Parameters

Forward current transfer ratio at 100 MHz Ife
Noise factor (at two specified conditions) N
Collector output capacitance

Additional 4 parameter measurements as required

For each transistor the measured values of each of the
parameters shown in Tables 2 and 3 are recorded for cach
occasion of measurcment. The print-out includes a classifica-
tion of each transistor in terms of a set of specifications. It
also includes certain statistical information on the sample,
e.g. means and standard deviations for each parametcr, and
a suminary of the specific yield in terms of the specification
limits.

The d.c. parameter mcasurements arc carried out on
automatic data-logging equipment specially made for this
purpose, which is programmed to work on a fixed cycle
under the control of an operator. The punched-tape output
consists of three types of ‘‘sentence’” each containing a
number of 4-digit ““words.”” The first type of sentcnce provides
the identifying information required by the computer, the
second contains a record of the test conditions in the logging
inachine, and the third is a series of blocks each containing
the 12 recorded parameters for each transistor being measured.,
As the measurements are made the operator receives a local
record, printed in the machine language and dcrived from
the punched-tape output. This is a useful monitor and also
provides advance information for assessment purposes. The
accuracy of measurement is better than 1 per cent.

Measurement of a.c. paraineters is obtained manually,
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since a degree of flexibility in measurement conditions is
required. The data so obtained are transferred to punched
tape, and at the same time any necessary editing is done
on both a.c. and d.c. measurement tapes.

The measurement laboratory is equipped to make measure-
ments, on a sample basis, of other transistor characteristics.
These include harmonic production in output devices, thermal
resistance and small-signal /1 parameter characterization; the
latter facility is available over a frequency range up to
1,000 MHz.

Production Thermal-Step Stressing

In order to collect information on the stability and potential
longevity of the product and to investigate batch-to-batch
variation, a continual thermal-step stress program is carried
out on designated samples. A second automatic data-logger
is associated with a dual-oven system. The d.c. parameters of
the samples are first measured in one oven maintained at a
temperature of 50°C. The samples are then subjected in a
second oven to a first thermal step, e.g. 200°C for 20 hours,
under ‘“‘power-on’’ conditions, before return to the S0°C oven
for a second measurement. The procedure is repeated scveral
times, the thermal stress being raised progressivcly to an
upper limit of 340°C.

The punched-tape output from the logger is processed as
previously described, and failure criteria, typically a change
of 10 per cent in Agg at 10 mA, are allotted to the device
parameters. The numbers of devices failing at each step are
plotted on probability paper against the reciprocal of the
absolute tempcrature. The relationship provides the basis for
comparative analysis as outlined in the following section.

RELIABILITY ASSESSMENT

During the manufacture of the transistor the greatest
possible care is taken to ensure that all devices are likely
to prove reliable in scrvice. Only transistors whose origins, as
determined by production inspection and testing, appear
impeccable are accepted for long-term reliability assessment.

Reliability assessment aims at establishing by destructive
tests that there is no endemic weakness in the batch likely to
cause failure. Failure is defined as a change in electrical
characteristics which would adversely affect the performance
of a system. Thus, a change of hgg at 10 mA by more than
10 per cent in one transistor could cause the failurc of a
cable system. Reliability assessment also requires that each
individual transistor destined for operation in a system is
tested non-destructively to ensure that its behaviour is likely
to be acceptable.

Possible causes of early failure in transistors may be
divided into two groups. Broadly speaking, these are failures
due to mechanical defects and failures duc to chemical con-
tamination. Mechanical dcfects are the easier to detect and
eliminate since most of the faults are visible under the micro-
scope. Flaws in production processing, such as faulty mask
alignment, incomplete removal of the surplus aluminium
and misalignment of the wire bonds, can be detected by
visual inspection of all devices prior to encapsulation. One
important fault which may not be detected is the inherent
weakness of a wire bond placed over incompletely removed
photo-resist residues. The bond may well look perfect under
a microscope, as the remaining layer of Kodak Photo Resist
may be too thin to be secn. Transistors with this fault can be
eliminated by the use of a 30,000¢ centrifuge screening test,
the force being applied in such a direction as to pull off
weakly-bonded wires. The latest version of the ‘‘eyelet”
bonder incorporates a facility for applying a predetermined
safe stress to the bond immediately after bonding by pulling
the wire. The force that can be applied in this way is greater
than that applied to the wires at 30,000¢ in the centrifuge.
Another, though possibly secondary, cause of failure in the
“mechanical” category is a faulty weld on encapsulation. A



“leaky’’ encapsulation ineans that control is lost of the com-
position of the gas inside the can, and the behaviour of the
transistor may now be determined by its general environment.
Mechanical faults can precipitate catastrophic failures, either
open-circuits or short-circuits. The effects of chemical con-
tamination can be just as serious, though their nature enables
a more detailed study to be made of the time taken to cause
failure.

A decade ago the philosophy of ‘life”’ assessment required
the assembly of a large batch of components from a single
source. Samples from this batch were subjected to some form
of accelerated aging, and the reliability of the remainder was
deduced from these results. The sample sizes were determined
simply by the degree of statistical confidence required in the
final answer. This system is satisfactory where it can be
applied. However, with the increase in complexity of modern
electronic equipment, and the extremely high level of relia-
bility required for submarine-cable systems, it becomes both
practically and financially impossible by this method to attain
the required statistical confidence. The only alternative is to
have a greater knowledge of the actual mechanisms of failure
possiblein a device. This is achieved by subjecting a ‘“‘practical”
number of devices to a form of accelerated aging, followed by
a careful and detailed investigation of all failures initiated by
the testing.

In order to carry out accelerated aging and produce some
information on the life expectancy of a transistor, it is neces-
sary to invent a physical model of the failure inechanism, It
is generally accepted that failures, i.e. unacceptable changes in
the device’s electrical parameters, are caused by the diffusion
of contamination over, or through, the protecting oxide. The
diffusion may in some cases be preceded by a chemical reac-
tion between the contaminant and one of the component
materials of the transistor. This kind of mechanism follows a
simple law.

If [R], is the concentration of a contaminant at a time 7,

and [R], = [Rlo + A.1. exp (—E/kT),

where T is the absolute temperature,
A is a constant,
k is Boltzmann’s constant, and
E is an activation energy,

then the time, 7., taken to reach a critical concentration of
contamination, at which electrical failure occurs, is given by:

t, oc exp (EfkT), or logt, oc E/kT.

This relationship gives a basis for accelerated aging, since
the time taken to reach the critical concentration for failure
can be reduced by increasing the ambient temperature.

Consider the general curve for failure rate against time in
Fig. 8. This is a very much idealized curve; in practice the
region of constant rate of failure is probably formed by the
superimposition of the ‘tails’® of the production-defect and
wear-out distributions. Since it may be assumed that the
distribution of contamination within a production batch is
random, the failures arc fitted to a Gaussian distribution.
The defects in transistors for submerged repeaters are few,
and defective transistors are removed after production burn-in
(Fig. 3). The failure rate in the central region of the curve of
Fig. 8 is insignificant.

The failure of transistors is achieved by operating them
under over-stress conditions with power applied. The stress
in the case to be considered will be temperature only. Two 1nain
kinds of experiment are in common use: step stress and steady
stress. In the foriner, as already mentioned, the devices are
subjected to equal periods of time at increasing steps of tem-
perature, measurements of the device parameters being taken
before and after each step. In the steady-stress type of test
the temperature is constant and measurements are made over
a longer period of time.
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F1G6. 8—General form of failure rate with time

The temperature steps on the step-stress test must be
sufficiently large for the effect of the previous step to be
small. The usual step is 20°C. Once the acceleration factor
for the failure mechanism has been found a correction factor,
Ar, representing the effect of the previous step, can be added
to the step time for use in plotting a ‘“life” prediction line.
After each step the changes of pararneters of the transistors
are compared with the end-of-life criteria and the cumulative
number of failures after each step is calculated. This is then
plotted on cumulative probability graph paper against 1/7;
(see Fig. 9). T; is the junction temperature derived by adding

I | , _
i L |
L - s _
R __7
L — | —
S R 2 2
.. / B ,7‘|,7 S
L » _ o
200 — gl 1 i
of L= ]
CUMBLATIVE p
FAILURE  §—-—10— 17 _
(PERCENTAGE) ,| // y 1 R
) 1.7 ]
- ya 1 ]
/,
7z — N
L] ('] o ¢, (-}
240% 280°c  300°c 320° [340%) |
19 -8 +7 I-6
1,000
Tj
==ww 165 hours 20 hours

T —= Junction temperature (°K)
Fic. 9—Typical step-stress failure results for 4A2-type transistors

the temperature due to power dissipation inside the device,
80°C per watt for a 4A device, to the ambient temperature.
The fitted straight line is then extrapolated to the required
failure level, the 1 per cent level in this case. The point repre-
senting the temperature at which 1 per cent of the devices
would fail in the period of a step is then noted, together with
the correction factor for step size if this is necessary. Step-
stress experiments on 4A transistors are carried out using
20-hour and 165-hour steps with samples of 30 to SO tran-
sistors. The main purpose of these tests is to give an indication
of the acceleration factor, and a rapid check on the quality
of the output from the production line. Its inost important
function is to show that devices in the large failure-rate
region attributed to production defects have been removed
by an adequate screening process. The results from step-stress
experiments are not as useful for life prediction as those from
steady stress, since temperatures in the region of 300°C to
360°C must be used to cause failures. In this range it is
impossible to maintain the normal operating potentials across
the transistor, and the simple model for the failure mechanism
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is invalid. This is, in particular, the case where failure is
caused by the migration of ions on the oxide of the device.

Steady-stress experiments are made at lower temperatures,
the usual maximum 280°C being the highest temperature at
which normal operating voltages can be maintained across
the silicon transistor. The lowest practicable temperature is
that which will give, say, 20 per cent failures inside 5,000 hours,
a reasonable maximum economic duration for holding a
supply of transistors for a system. Since, from the simple
model, failures should occur normally with the logarithm of
time, the period between measurements is inade to increase
on an approximately logarithmic basis, The actual measure-
ment times might be 20, 40, 80, 160, 300, 500, 1,000, 2,000
and 4,000 hours. The cumulative number of failures at each
time of measurement is plotted on probability graph paper
against log(time) (see Fig. 10). When the experimental points
have been fitted to a normal distribution, the intercept of
time for the 1 per cent failure level is transferred to the life-
prediction graph (Fig. 11) for each stress level, together with
those points obtained from step-stress results.

The results of the over-stress experiments have been used
to produce an extrapolated life-prediction line. However, the
confidence that can be placed in these results as applied to
other transistors from the production run depends simply on
the size of each batch tested. To be able to say that, in 98 lots
in every 100, the 1 per cent failure level at junction tempera-
tures below 100°C would be greater than 20 years, would
require about 10,000 devices on test. If, however, the produc-
tion processes are carefully controlled and extrapolated life
is an order better than required, a different procedure may
be used. A production screen is introduced to remove con-
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taminated transistors that could otherwise fail early. A small
sample of these devices, 500 to 1,000, is subjected to over-
stress to check that the main mode of failure will not cause
trouble during active life.

In order to provide a further safeguard, all transistors
selected for use in the system are subjected to 5,000 hours at
their normal operating dissipations at an ambient temperature
of 50°C. This is, in effect, monitoring the devices under
laboratory conditions for the first 2 years of their life. Any
devices showing even small changes in gain are rejected;
present measuring apparatus can detect changes of 3 per cent
over the 5,000-hour period with certainty. Smaller changes
than this are within random ftuctuations in measuring equip-
ment and temperature stability of the measuring ovens.

The final stage in the analysis of reliability is the careful
investigation into each individual failure produced in the
over-stress tests. This examination may reveal flaws in the
visual and thermal screening stages, and enable information
to be passed back to the processing group to improve the
overall standard of output. Also, the careful investigation into
the basic physical processes of failure may lead to early
recognition of the mechanisms and provide valuable theo-
retical information to their dependence on temperature. It is,
of course, essential that all failures should be attributed to
physical mechanisms which obey the simple model. The main
difficulties arise either where there are two failure mechanisms
operating together, or where a change of state occurs between
the operating and over-stress temperatures. Either of these
cases would nullify the over-stress results, and methods for
detecting such failures are being developed.
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Programmed Learning—A New Design for Training

Part 2—Past, Present and Future Uses in Regional Engineering Training
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Progranimed learning, which was described in Part I of this article, has been used in the London Telecon:-
numnications Region Engineering Training School for some 3 years. In this part, the effect on training of
the need for task analysis is emphasized, and the various media of presentation and some of the many
teaching machines are described and their use reviewed. Experience in the Regional Engineering Training
School is also described, and the benefits to be gained by large-scale adoption of programmned learning are

discussed.

INTRODUCTION

In Part 1 an explanation of progranuned learning was given,
and examples of linear and branching prograins were illus-
trated. In this Part (he various mecdia of presentation of
programmed learning and some of the machines which have
been used in the London Telecommunications Region
(L.T.R.) are described. Such important factors as the rigid
use of task analysis and thc financial savings which have been
gained, and could be gained, by the use of programmed
lcarning will be discussed. Also included is a report of the
expericnce of the last 3 ycars, and suggestions for the possible
future uses of programmed learning in Regional Engineering
Training Schools.

TASK ANALYSIS

The advent of programmed learning has meant an
increased awareness of the need to rclate training and job
rcquirements—so much so that it is now a prerequisite of
all program writing that a task analysis! should be carried
out. This phase of the exercise is alone sufficient to result in
considerable improvement in training.

The actual object of task analysis is to determnine what a
person does, how he does it, what he does it with, what he
does it to, and the reasons why he does it. In this way it is
possible to isolate the knowledge, skills and attitudes which
are essential to job or subject mastery. The analysis helps
to guard against the dangers of teaching too little or teaching
irrelevant material, and reveals the discrepanciesorassumptions
in the existing litcrature or manuals which describe the task.
It is unfortunate that this type of analysis is often tedious,
time consuming, expensive and difficult to carry out, as this
results in a tendency for it to be sacrificed on the grounds of
expediency or economy.

In carrying out a task analysis? it is customary to describe
all overt acts carried out by the technician or craftsman in
tcrms of task eleinents. Each description of such an element
needs to include? the following.

(a) An indication or cue which signals the beginning of an
action, e.g. cxcessive feeler-gauge clcarance.

(b) An action word, usually a verb and its associated
qualifiers, e.g. adjust.

(c) A control or physical object which the technician or
craftsman manipulates or acts upon, e.g. Allen key, tappet
screw.

t London Telecommunications Region.

(d) An indication of response adequacy, which takes the
forin of another signal. This tells him when his action has
been carried out correctly, e.g. a feeler gauge indicates the
correct clearance.

Thus, a comnplete and reliable task description would be
‘““When there is an excessive feeler-gauge clearance, adjust
the tappet screw until the correct clearance is determined by
using the feeler gauge.’’

THE MEDIA OF PRESENTATION

Programmed learning and teaching machines are often
referred to in similar terms. There is a confused conception
that when programmed learning is described then teaching
machines are inferred. This is not so: a lesson can be prepared
by programmed-learning methods and can be fitted to which-
ever media happen to be most suitable for the students under
consideration.

If the information is to be given in very easy steps to a
limited target population then a linear program will be
prepared, and this will be presented on a simple teaching
mmachine, on sheets of paper, in a loose-leaf binder, or in a
bound text-book. If the information to be imparted were more
difficult to understand, and alternative answers would benefit
the students or widen the target population, then a branching
program or a mixture of linear and branching programs
would be written. This could be presented either in sheets or
scrambled book form, or in one of a number of branching
teaching machines.

Conventional lectures can be prepared using programmed-
learning techniques, and then neither teaching machines nor
books will be used. Very definite claims have been made for
the great improvement shown by lecturers who have spent
some time in a programmed-learning group and then‘returned
to lecturing.

Programuned learning is, therefore, a method of preparing
learning material, and the media through which it can be
applied are sheets of paper, books, teaching machines,
overhead projectors, audio tapes, closed-circuit television, or
conventional lecture methods.

The programmer decides, by careful study of the target
population, the content of the program and the terminal
bechaviour desired from the students, whether the program
shall be linear, branching or a mixture of both, and if the
medium will be sheets of paper, a book, a teaching machine
or conventional lecturing.
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TEACHING MACHINES

In recent years a large number of different types of teaching
machine have been offered to training and education offices.
At first there were very few programs associated with the
machines, but, recently, more and more programs have been
written for various levels of student learning.

A teaching machine is simply a mechanical or electrical
device for the controlled presentation of programmed
material. It may consist of a simple mechanical arrangement
for picking up one sheet of paper after another and allowing
the student to read only one section of a page at a time. The
other extreme is an electronic device with access to a com-
puter, which has a store of many branches or graded levels of
learning, so that the student can be switched from level to
level in keeping with his responses to the many equestions
which are set for him. The simple linear machine may cost
only a few pounds, but the computer type is complex and
the machine, together with its multi-stream program, could
cost many thousands of pounds.

Some of the machines which have been used in the L.T.R.
Engineering Training School are of interest, and the following
paragraphs give a brief outline of the machines and their
relative merits.

The Grundymaster

The Grundymaster (Fig. 5) is a simple linear teaching
machine that is operated by a large knob, turned by the
student when he is ready to take the next step. The program
material is linear and printed on sheets of paper, but the
machine allows only a small amount of the page of informa-
tion to be presented to the student at one time. When he has
written his answer in the space provided the student turns
the knob and controls the page so that it only moves one
frame at a time. His answer moves under the transparent

5 ‘ _— -

Fic. 5—The Grundymaster teaching machine

screen so that he can read it but not change it. The positioning
of a black screen obscures the correct answer until the student
turns to the next frame, when he can both check the first
answer and read the second frame. Reference to Fig. 5 will
illustrate the process. In a well constructed program, he will
obtain 80-90 per cent correct answers; he is thus tested and
rewarded at each step. If his answer is wrong he can re-rcad
the frame to check the validity of the given answer. Should
he not agree then he can consult the tutor. By the time the
average student is presented with a program, the frames will
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have been validated many times by the programming team,
and the time taken for the tutor to explain the answers will be
very short.

International Tutor Machines, Ltd., who manufacture
the Grundymaster, have prepared many programs for their
machine. Some of these programs have been used to teach
power apprentices how to use hand tools and machine tools;
the level of learning is appropriate to young apprentices in
industry.

Some difliculty has been experienced with the sequencing
of the individual sheets of paper, but this problem is under
investigation.

The Autotutor

The Autotutor machine (Fig. 6) uses 35 mm film, and the
program is usually branching. By using a special code running
along the edge of the film it is possible to move the film
backward and forward as required. The image is back-
projected on to a ground-glass screen, not unlike a television
screen in appearance. The movement of the program is
controlled by a row of buttons marked A to I and a return
button marked R. It is possible to give five alternative
answers for the student to choose, and any correction is
catered for by the branching nature of the program when he
has chosen an incorrect answer.

Fic. 6—The Autotutor

The machine, manufactured by U.S. Industries, Inc., gives
very little trouble when subjected to the rigours of the class-
room. The cost of preparing a program on film is high and
subsequent amendments are costly. Unfortunately, the
programs which have been prepared for this machine are not
aimed at the L.T.R. target population, and so the machine
has had a limited application in the Regional Engineering
Training School.

The Canterbury

The Canterbury teaching machine (Fig. 7) makes use of the
standard 8in. X 5in. filing card suspended by its shorter
side so that the card takes up the more acceptable page shape
of a text book. Slots are cut in the upper edge, and, by a
simple but ingenious use of a spring-loaded grip and pairs
of selection pins, it is possible to make a four-selection type
machine. A handle on the lower left-hand side of the machine
may be placed in one of four slots A, B, C or D. This enables
the programmer to use any three of these four arrangements



on any one card, and so he can use a question and three-
answer branching program. Operation of the lever drops a
predectermined number of cards if the choice is correct.
If an incorrect choice has been made it is likely that only one
card will drop, and the next card will correct the student
and ask him further questions if necessary. This machine can
also be used for linear or mixed technique programming.

Fig. 7—The Canterbury teaching machine

The advantage of the Canterbury machine, manufactured
by the Education Supply Association, lies in the casec with
which the program can be corrected on validation, or changed,
by simply inserting more cards, when additional information
is required. Further advantages of the Canterbury machine are
its relatively low cost, its portability and the fact that it does
not require a mains power supply.

EXPERIENCE AT THE L.T.R. ENGINEERING
TRAINING SCHOOL

In 1964 experiments were carried out at the L.T.R. Engi-
ncering Training School with the programs which were
available on teaching machines which could readily be rented.
The first cxperiments used the Autotutor machines with
programs on mathematics, clectronics and management
studies. The students were very interested, but, although the
results werc similar to thosec obtained by conventional
methods, the programs had not been written for the level
of the student using the programs, and this caused
difficulties.

Later in 1964 it was decided that a special program should
be written to help in the solution of the difficult problem of
training field staff upon the introduction of new subscribers’
equipment. A small group of onc programmer and one
assistant was sct up, and after some experimental work it was
decided to write two programs covering, firstly, the facilities
and installation details and, sccondly, the maintenance of
the Trimphone.

Because these programs were to be sent out into the Tele-
phone Area Installation Offices it was decided that the in-
formation should be presented in such a manner that the
student could have a teaching machine, note-book and the
necessary equipment arranged around him on a desk or table.
By this method it was possible to combine the three stages
used in the Regional Engineering Training School: lecture,
demonstration and practical work. These would take place

almost simultancously, thus maintaining the interest of the
student and giving him stimulus by immediate reward as
discussed in Part 1.

The first Trimphone program was analysed, written,
validated, revised and finally tested in 9 weeks. This program
covered the facilitics and installation details. Today the same
program could be written in shorter time, and would probably
contain less frames.

The finished program was used with the Canterbury Teaching
Machine in the North West Telephone Area of the L.T.R.,
where all the fitters and their supervisors were taught the
facilities and installation aspects of the Trimphone. Each
fitter spent approximately | hour in his local Installation
Office working through the program and carrying out instruc-
tions on how he should remove the telephonc base, learn
about the contents, rc-assemble and fit the telephone,
ctc.

A second progranmi on the maintenance of the Trimphone
was written, and this was given to all the subscribers’ ap-
paratus maintenance staff in the North West Telephone Arca.
The Appendix gives a summary of the results of these two
programs. There is little doubt that the trial was well received
in the North West Telephone Arca, and this has also been
so in the North Telephone Area of the L.T.R., and in the
Northern Ircland, and Wales and Border Counties Direc-
torates where the L.T.R. programs have been used to
teach staff the facilitics, fitting and maintenance of the
Trimphone.

In recent months, a complete training course, the initial
subscribers’ apparatus installation course, has been written
in programmed-lecarning form and is at present being vali-
dated. By the time this article has been printed many students
in the L.T.R. will have rececived their instruction by this
method. Originally planned to take 9 days, the course has
been programmed so that the faster students become apparent
in the first few days and arrangements can be made for them
to return to their Telephone Areas on completing the course.
For example, if a student takes only 7 days, there will be a
saving of 2 days for productive work in the field; he can,
morcover, be replaced immediately by another student,
because the system allows for the students to progress at
their own speed and move from stage to stage independently.
Only at two or three points in the course will it be necessary
to give conventional lectures, and these will be of a sum-
marizing naturc and can be given to students at slightly
different stages of progress.

As previously mentioned under the section dealing with the
Grundymaster teaching machines, the power apprentices are,
at the present time, being taught hand tools and machine tools
by programmed lecarning. The programs were written for
apprentices in industry, but it has been found that L.T.R.
Engincering Training School students have attained the
required standard set by the original programmers, and also
within the specified times.

FINANCIAL SAVINGS

Training is expensive irrespective of the form in which it is
prescnted—not only in terms of school costs, but also in
terms of lost work and the cost of products and materials
used in the teaching process. Although there have been many
recorded instances where the application of programmed
learning has reduced training time and resulted in higher job
proficiency, there are few which have becen costed in terms of
money saved. An exception was a study* which involved an
American manufacturer of telephone relays, who employed
120 men to produce 6,000 relays every day at a manufac-
turing cost of $2 each; a further 120 men were employed to
adjust the relays manually at an additional cost of &1 per
relay.

It was decided to study the cost of training the relay ad-
justers, 40 of them being trained every year at a total cost of
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$80,000. This amount accounted for the actual cost of
training, of production lost and of the overheads involved.
The existing training system consisted of S hours of lecture-
demonstration followed by thc adjustinent of simiple relays
while “on the job.” It took about 60 working days for an
average trainee to attain 70 per cent of his department’s
production standard. At the end of a ycar he was expected to
reach between 85and 100 per cent. After the use of programmed
Jearning, the trainces attained the 70 per cent standard in
40 days, and the cost of training was calculated to be $59,000,
thus showing a saving of 33 per cent in time and 26 per cent
in moncey,

Investigations were also madc into the cost of supervising
the trainees. Under the original system the supervisor sacri-
ficed 10 per cent of his productivity, equivalent to $1,800 per
year, to training. Total cost of supervision for all the trainees,
at 40 per year, was $40,000 per year. Programined learning
reduced the supervisor’s time to one half, and thereby saved
$20,000 in supervisory time. The total estimated savings were
$41,000 per year on what had been a current training cost of
$120,000 per year—a reduction of approximately one third.
It was estimated that the cost of the progratn, involving tapc
recordings, still pictures, cine films and five relay simulators,
was all recovered by the end of 1 year.

Recently, a cost comparison was madc between the teaching
of the Trimphone-facilities program by prograinmed
learning and by conventional methods. The tcrms of the
comparison were that thce student would receive training in
the nccessary information and skill by (/) the programmed-
Jearning mecthod, using a teaching machinc in a Telephone
Arca office, or (ii) conventional presentation at the Regional
Engineering Training School.

(/) In costing the programined-learning method the time
of one programiner and onc assistant, togcther with a typist,
was considered, and estimates were 1nade for the cost of the
machincs, the blank program cards and the Trimphones.
It was shown that the total costs were as follows.

£
Total cost for 100 students = 809
Total cost for 400 students = 863
Total cost for 1,000 students = 977

Total cost for 10,000 students = 2,590

(ii) Costing of the conventional method included lecture-~
preparation tiine, presentation time together with demon-
stration time, certain overhecads and the cost of the Trim-
phoncs, and gave the following figures.

£
Total cost for 100 students = 283
Total cost for 400 students = 483
Total cost for 1,000 students = 885

Total cost for 10,000 students = 8,500

Above 1,200 students the conventional method was cal-
culated to be more cxpensive than the programmed-learning
method. This nuinber of students will quickly be achieved
in the L.T.R. alone, since the program will be required by all
subscribers’ apparatus installation and maintenance staff.
IExpericnce suggests that savings could be obtained with the
initial subscribers’ apparatus installation coursc where the
numbcrs of students will be large, but the cost ratios would
not be so marked.

FUTURE OF PROGRANMMED LEARNING IN THE
REGIONAL ENGINEERING TRAINING SCHOOL
The use of programmed learning as a method of teaching
has been accepted throughout the world, and inany countries
arc pushing ahead with its application in education and also
in industry. Experience at the L.T.R. Engineering Training
School shows that, with large nuinbers, savings in instructors’
time and students’ time can be made. In an atmosphere of
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improved productivity, where the time given to training a man
is more important than ever, a system which can make a
recruit more productive in Jess time is of obvious merit.
Programmed lcarning is objective: its aim is to imnprove
training, reduce the training time taken by a student, and
reduce the time taken by the tutor and his staff. All these
things it can do, but it has to be applied with great care; in
particular, it needs to be applicd only after a most searching
analysis into the tasks and skills which it is envisaged will
be taught.

In preparing the initial subscribers’ apparatus installation
course it was decided that the course should remain the same
length as that required by conventional methods, but that
the contents should be more detailed, which would be of
advantage to the slower student. Quicker students should be
able to complcte the course in two to three days less than the
norial two weeks.

CONCLUSIONS

The benefits to be gained from the introduction of pro-
grammed learning on a large scale are numerous and have
alrcady been mentioned. With detailed analysis, somec school
courses may be reduced in length-and madc more interesting
and far more efficient; productivity would moreover be
inproved. A complete analysis of all thec Rcgional Engi-
neering Training School courses would take many years, but
a detailed examination of the more elementary and frequently
held courses—the twoapprentice courscs, theinitial subscriber’s
apparatus installation course (alrcady completed), initial joint-
ing course, and several of the early installation courses—would
improve training and reduce the overall time spent in the
schools.
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APPENDIX
Trimphone Programs

Facilities Program
Final draft, with subjcct rcvision (February 1966).

Number of frames in program =—= 107

Minimum student time — 4@ minutes
Maximum student time = 100 minutes
Mean student time == 71 minutes

Result of Criterion Test
100 per cent students obtained a mark of more than 85 pcr cent.

Mean mark = = 93 per cent
Standard dev1al1qn —= 4-8 per cent
Improvemnent against first draft = 7 per cent

The finaldraft contains additional material to cater for the Mark IT
Trimphone. The 7 per cent improvement accompanied a reduction
in the standard deviation.



Retention Test
Taken 3 weeks after the criterion test,

Mcan mark = = 86 per cent
Standard deviation — 10-0 per cent
Retentive loss (after 3 weeks) —= 7 per cent

Maintenance Program
Final draft (March 1966).
Number of frames in program — 60

Minimum student time = 50 minutes
Maximum student time = 110 minutcs
Mcan student timc == 79 minutcs

Result of Criterion Test
83 per cent of students obtained a mark of more than 90 per cent.

Mean mark = 90-8 per cent
Standard deviation —= 10-4 per cent
Improvement against first draft = 6-1 per ccent
Again, an improvemcnt in the final draft accompanied a reduc-
tion in the standard dcviation.

Numbers of Students involved
Validation tests: approximately 143

Fitters traincd in North West Arca: approximately 400
@ther Areas (fitters and maintenance): approximatcly 1,000

Cable, Drop-Wire, No. 4

U.D.C. 621.315.2

Experience with modern drop-wire methods of local overhead construction has led to the development of
an improved type of drop-wire cable that has both a greater breaking strain and an insulation with

increased resistance to abrasion.

Since 1954, when the first of the modern drop-wires was
introduced, several problems concerned with their use have
arisen, For example, Cable, Drop-Wire, No. 2 is relatively
costly due to its complex insulation, which has a low abrasion
resistance and tends to stretch and rupture near wedge-type
terminating clamps under working conditions. The breaking
strain of the drop-wire is 290 1b minimum—insufficient to
enable the drop-wire to be erected with an adcquatc safcty
factor in span lengths greater than 60 yd.

BLACK PVC INSULANT

0-045 IN. DIAMETER
COPPER-COATED STEEL
COMBULTORS

Fig. 1—Cable, Drop-Wire, No. 4

In comparison, Cable, Drop-Wire, No. 4 (see Fig. 1) has
two copper-coated steel conductors, 0-:045in. diameter,
each having a breaking strain of between 300-3501b. A
black PVC insulation of mean thickness 0-065 in. means
that the overall size and weight of the drop-wire is such as to
allow 75 yd spans to be erected at a tension of 50 1b. High-
voltage electrical breakdown tests have confirmed that the
PVC insulation is suitable for use up to 11 kV. Dropping
tests, which involved releasing bare power conductors (which
were under tension) and allowing them to fall frecly over thc
drop-wire, were also held, Only a slight abrasion of the
insulation occurred. Itnpact tests confirmed this result.

The drop-wire will be erected using the cxisting fittings used
in crecting Cable, Drop-Wire, No. 2 with one exception.
Fig. 2 shows the double-legged, helically-wound, terminating

Fig. 2—Clamp, Drop-Wire, No. 4

clamp (Clamp, Drop-Wire, No. 4) that was designed to give
easy application and adcquate grip on the drop-wire in the
shortest overall length, as shown in Fig. 3.

Fig. 3—Clamp, Drop-Wire, No.l\;l ﬁhted to Cable, Drop-Wire,
o.

Considerable savings will be made now that Cable, Drop-
Wire, No. 4 has been introduced to supersedec Cable, Drop-
Wire, No. 2 and Wire, Cadmium-Copper, 701b, PVC.
While it will also supersede the use of Wire, Cadmium-
Copper, 70 1b, H.V. at power crossings up to 11 kV, Wire,
Cadmium-Copper, 70 1b, H.V. will still be needed at power
crossings between 11-30 kV. The use of Cable, Drop-Wire,
No. 3 will not be affected.

E. A H
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Transit Switching Centres Using BXB1121

Crossbar Equipment

Part 2—Circuit Principles and Equipment Practice

N. WALKER, M.B.E., B.SC.(ENG.), C.ENG., M.LE.E., F. A, STALLWORTHY and R. F. McLUSKY, C.ENG., M.L.E.E.T

U.D.C. 621.395.344.6: 621.395.722

Part 1 of this article described the basic crossbar-type group selection unit used at transit switching
centres and gave details of the trunking and facilities provided. A description of the general operation of
the equipment was also included. Part 2 describes the circuit principles and the equipment practice used.
Details are given of the method of code translation, internal signalling, route monitoring, link selection
and route marking. The three types of electromechanical relay and the magnetic counter used are also
described, and equipment installation aspects are briefly reviewed.

CIRCUIT PRINCIPLES

Code Translation

The circuit elements involved in the transfer of codes from
the register to the translator, via the coupler, and from the
translator to the marker, via the coupler and information
paths, are shown in Fig. 9.

The m.f, recciver receives three digits as m.f. pulses, and
passes them to the register in d.c. formi to operate two of the
relays OR, 1R, 2R, 4R, 7R and IR (not shown). Contacts
of these relays form a check clcment to verify that only two
relays are operated, and, if thiscondition isinet,earth potential
is applied for the duration of cach pulse via the make contacts
of two of the rclays OR—-11R. The earth potential is extended
for the first-digit pulsc via break contacts of relays 3H, 2H
and 1H to operate two of the code-storage relays 1A-1F
in the register according to the 2-out-of-6 code; these relays
store the first digit.

The operated relays 1A—-1F prepare a locking circuit over
their respective make contacts to a register-circuit holding
carth potential, At the same time, they extend the operating
earth potential to kecp relay 1G short-circuited for the
duration of the pulsc. When the first-digit pulse ends, releasing
the operated OR-11R contacts, relay 1G is no longer short-
circuited and opcrates in series with relays 1A—1F via the
locking contacts. The two relays 1A-1F are also held. A
contact of rclay 1G opcrates relay 1H, which locks via a
second winding to reduce holding current and also short-
circuits relay 1G, which rclcases. The twe relays 1A-1F
remain held, along with rclay 18.

Change-over contacts of relay 1H connect thc OR-7R
contacts to storage relays 2A-2E in the register. The 11R
contact is disconnected, as the second and third digits are
in 2-out-of-5 code and not 2-out-of-6.

The 2-out-of-5 code pulse for the second digit re-operates
two of relays OR-7R, and operates two of the storage relays
2A-2E in the register in a manner similar to that described
for rclays 1A-1F. At the end of the second-digit pulse, relays
2G and 2H operate. Change-over contacts of relay 2H connect
the OR—7R contacts to storage relays 3A-3E in the register.
The 2-out-of-5 pulse for the third digit operates two of the

.t Mr. Walker and Mr. McLusky are in the Exchange Facilitics
Division, Telccommunications Development Decpartment, Tele-
communications Headequarters. Mr. Stallworthy is with Standard
Telephones and Cablcs, Ltd.
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storage rclays 3A-3E in a manner similar to that described
for relays 1A-1F. At the end of the third-digit pulse, relays
3G and 3H operate. Break contacts of relay 3H disconnect
contacts OR-7R, preventing further receiver operations
affecting the 3-digit code now stored on two relays in each
of the groups 1A-1F, 2A-2E and 3A-3E.

The coupler connects the locking earths of the operated
register-storage relays directly through to a translator. These
earth potentials cause two corresponding translator-storage
relays to operate and lock in each of the groups 1A-IF,
2A-2E and 3A-3E.

Each of the three scts of digit-storage relays in the translator
has contacts to form a 2-out-of-6 or 2-out-of-5 check element
as required. If the check elcment verifies that only two relays
arc operated in each instance, then the 2-out-of-6 code (15
coinbinations) and the two 2-out-of-5 codes (10 combinations
each) are expanded to 1,500 individual points, and one point
corresponding to the stored code is earthed. This point will
be strapped to one or more route relays, RG, which operate
in rcadiness to give the translated code for the marker to
identify the route. At a T.S.C. therc may be morc than one
route suitable for a particular destination, and at this stage
in the call a check is made to establish whcther the first
choice or an alternative route is free. The first available
route is identified by causing earth potential to be connected
to four contacts of the appropriate RG relay. These contacts
earth one lead in each of four sets of 10 leads that are con-
nected via a diode matrix to give four digits in 2-out-of-5
code. These digits arc stored on relays in the coupler and arc
then passed to the markers, as required, over an information
path. Normally, two of the digits, representing a 1-out-of-100
selection, will be given to the markers of the first-stage group
selection units, whilst the other two digits, also representing a
1-out-of-100 selection, will be given to the markers of the
second-stage group scicction units,

Information Paths

Internal digital and information signals are transmitted
between the registers, or couplers, and the markers during
the establishment of calls. Groups of common connecting
wires, referred to as infortnation paths, are used for this
purpose. One information path consists of 20 wires, and the
number of paths provided is determined by the traffic require-
ments. Any free path can be scized, and on each seizure is
held long enough forthe transmission of the required forward



RELAYS 1B~
AS RELAY |A

ifﬂ j-—:lli Eji:llF

U

IR

RELAYS 3A-SEANOI |a£|.mr5 2A—-2E AND)

RELAYS 18-10
——

\_4}_

__—“.

REGISTER 3G,3H,AS IA,ETC, 26,2H, AS |AETC.
,o ll |2 ]4 |7 o lz |4 |7 o h 2 14 I7 1"
C DiGIT a DIGIT ADIGIT
i
- - i - - i - ] - - -
: | I FOUR SETS 2-QUT-0F -5 tcg%f’ T0
COUPLER | | | STORAGE RELAYS ;’erORMATnN
| |
] i L : 3 o j )
I
SRS e |
S RELAY
TRANSULATOR DIODE MATRIX
24 1A DECIMAL T0
2-0UT-0F-5
T Y‘ T Y‘ T }
___“.
CODE 0000 S| Seie |
0 \ RG R
/s | \\ -
PPEaN S Ly, s2 __Ioi-1plg
= — < TS .<\ : o Ir RG
.~ s 1-2¢1
2-0UT-GF -6 OR St > EGEDR
2-0UT-0F-5 CHECK N1 CObE 1499 R&
FOR IA-IF,2A-2E L 54 201-2010
AND 3A-3E CONTACT TREE b RG me

TO 1,500 POINTS

FiG. 9—Circuit elements used in transfer of codes to and from translator

TO COUPLER VIA DIODE MATRICES

U IST. CHOICE 2ND. CHOICE
s1 S2 s3 514 S1 S2 S3 54

A

OUTGOING AND

OUTGOING AND

BOTHWAY BOTHWAY
LINE LINE
RELAY-SETS 'RELAY-SETS

I'IN ROUTE o | INROUTE y

Iy

1 | :-u—c\f C |
RG/ RG RGL RGl RGL Rﬁl ncl' RGL C_
I '
FT2 /M~ — _-u—o\?: -Il—o\t n
FT1 FT2 (2ND. CHOICE) — [—‘
RS L e E N ot N
3 FT1{(ST CHOICE) - H\t Fl 1 "\ -
i PN e S
TRANSLATOR { I & B o
MA MA
) o \ I:P(Rnuws x)E.L:I(RDUTE )
OTHER TRANSLATOR(S -—-
AS TRANSLATOR 1 MAGS I T
- '_;140) "
Fii. 10—Route monitor

21



or backward signals between the equipments concerned. The
signals are in d.c. form, digital signals being passed as two
conditions on five wires, whilc each information signal makes
use of one or wnore wires, as required.

Route Monitoring

Fig. 18 shows how the routc monitor detcrmines whether
a route contains any frec circuits, and how it makes this
information continuously available to all translators at the
T.S.C. One MA rclay is associatcd with each outgoing routc,
and it is energized so long as any circuit in the route is free.
When all circuits are busy (in or out of service), the MA
relay is releascd and its contacts rcimovc earth potcntial
from a lead to each translator.

When a translation is required fer a code appropriate to,
say, route y a rclay RG operates in the translator, and, if
the contact of relay MA(y) is operated, a relay FT1 opcrates
and the translation routing information for route y is givcn
to the coupler by causing earth potential to be connectcd via
four contacts of the RG rclay.

If, for a given code, routc y is the first choice and route x
the alternative choice and both routes have frcc circuits,
then two FT relays will operate. However, the first-choice
translation only is given to the coupler, as a contact of rclay
FTI1 (first choice) controls thc carth connexion to the appro-
priate four contacts of an RG relay. In the cvent of routey being
busy and route x being frec, relay MA(y) is rcleased and relay
MA(x) is opcrated, and, when the RG relays opcrate, relay
FT2 (second choice) only operatcs and the translation for
thc second-choice route x is substituted. If both route y and
routc x are busy when thc RG rclays opcrate, the two FT
relays concerned remain releascd, causing the translation for
congestion announcement to be substituted by thc translator.
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Link Selection

The circuit shown in Fig. 11 is simplified to indicate the
fundamental selection of a free link between the primary
section to which thc incorning-line relay-set is connected and
the sccondary section having a frec outlct in thc required
group of circuits. The coupler will have already signalled the:
primary section to seize a marker, thus opcrating relay CL
(not shown) in the primary scction concerned. On scizure,
the marker will seize an information path and signal the
identity of the path to the coupler. Thc coupler will thcn be
connected to the information path and pass thc code of the
rcquired route to the marker. All frec outgoing-linc rclay-sets
have their m-wires marked with carth potential. On receipt
of the code, contacts of thc appropriate marking relays will
extend earth potential from thc free circuits in the route
concerncd to thc m-wires of the secondary outlets on which
they appear. At thc same time, rclay DF (not shown) in the
marker operates. One DF contact operates rclay CQ in the
associated primary scction, whilst another prepares to operate
relays TF in all sccondary scctions.

Those secondary sections which have access to a free line
relay-set (i.e. one having an earthed m-wire) will have their
TA relays operated, and a TA contact in series with the TF
relay allows thc TF relay to operatc in these sections. If these
sections have a frce link to thc primary section with the
operated relay CQ, the rcspective selector magnet TV will
be normal. A TF contact in cach of the wires p and r between
the secondary and primary sections allows relay TM to
operate. The operation of rclay TM significs a free link. Relay
TM earths the TN and 1O relays to cstablish if thc sccondary
scction has priority (see description of Fig. 13). If it has
priority, relays TN and TO opcrate. Relay TN identifies the
secondary section as the one to complcte the sclection, and
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contacts of relays TM and TN operate relay TQ. Relay TQ
operates relay TB. A TB contact connects the m-wire of the
marked outlet to its associated secondary horizontal magnet,
which operates. The operation of this magnet completes
selection of the outlet.

If two or more free circuits in the required route arc
available from the same secondary section, a priority arrange-
ment, affecting the operation of the horizontal magnets in
the section, establishes the order of choice.

A contact of relay TQ also connects together leads n1 and
s to the prinary section, operating relay CA. Relay CA
operates relay CB, a contact of which connects the primary
horizontal magnet to the m-wire from the secondary section.
The operation of this horizontal magnet selects the specific
primary outlet associated with the link to the secondary
section, The operation of a contact associated with the
horizontal magnet in the primary section connects - -50 volts
to operate relay MM in the marker. Likewise, a contact of
the horizontal magnet in the secondary section connects
—50 volts via an MM contact to operate relay MF in the
marker. Relay MF indicates that both horizontal bars are
operated.

At this stage an information path is seized, and a centact of
relay MF causesa signal to berelayed via the information path,
coupler, register and incoming-line relay-set to the f-wire
of the primary section, operating the inagnet (CV) of the
primary selector associated with the incoming-line relay-set,
Magnet CV operates and locks on its x contact to the t-wire
holding earth, and disconnects itself from the f-wire. The
cross-point associated with the operated selector and hori-
zontal bar extends all leads (only the t-wire is shown) to the
secondary section. The extension of the t-wire carrying the
holding earth operates the magnet (TV) of the secondary
selector associated with the switched primary outlet. Magnet
TV operates and locks on its x contact to the t-wire holding
earth. The cross-point associated with the operated secondary
selector and horizontal bar extends all leads to the out-
going-line relay-set. The operation of break contacts on the
TV magnet releases relay CA and the primary horizontal
magnet. The extension of the leads to the outgoing-line
relay-set causes it to remove the m-wire earth to release
relay TA and the secondary horizontal magnet. Other relays
now release, leaving a switched-through connexion with the
selector magnets of both sections held by the earth on the
incoming-line relay-set t-wire.

Route Marking

The required outgoing route is identified by two digits of
the translation obtained from the translator and stored in
the coupler. When the inarker has seized an information
path and signalled the path’s identity to the coupler, the
coupler passes the appropriate 2-digit code to the imarker
via this information path, in a 2-out-of-5 coded form. The
marker checks each digit for only two conditions out of
five, and signals the digits to the code tags of the marking
relays as earth potential on one of 10 wires in each of the
two groups of digit wires shown in Fig. 12. The circuit uses
ten MW relays each with 10 contacts to give a unique inarking
on one of 100 code tags. A cross-connexion field is used for
strapping code tags to their appropriate marking relays, SK,
and provision is made for the outgoing circuits to be given
priority in marking over the bothway circuits in the sainc
route.

Assurning that the code of the required route is 90, then
earth potential on the “tens’ digit lead No. 9 will cause
relay 9MW to operate. Contacts of this relay connect the
10 code tags 90-99 to the ‘‘units” digit leads, and earth
potential on the ‘““units’® digit lead O is extended only to the
code tag 90. The typical strapping shown in Fig. 12 is for
the marking of route 90, assumed to have mixcd unidirectional
and bothway circuits. The SK relay contacts (not shown)

arc used to mark the outlets of the secondary sections corre-
sponding to the outgoing and bothway circuits in the route,
one contact being required for each outlet in each portion
of the route. One or more SK relays, each having up to 10
contacts, are required for each portion of the route. When
the code tag 90 is earthed only the SK relay(s) of the outgoing
portion operate. These are associated with the tag designated
A. If any of the outgoing circuits are free their nmi-wircs
will be marked with earth potential and one of them may be
selected as described under “Link Selection.”” If, after a
delay of approximately 100 ms, no free outgoing circuit is
available, relay SJ operates to extend earth potential from
code tag 90 to the tag designated B, so operating the SK
relay(s) of the bothway portion, which permits the m-wires
of any free circuits in this portion to be marked and made
available for selection.
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F1G. 12—Route marking

The double-winding MW relays provide a safeguard against
a faulty winding causing marking failurcs. Provided both
windings of an MW relay are in circuit, relay DF, which is
differentially connected, remains balanced and unoperated.
If, however, one winding of an MW relay is open-circuit,
relay DF is unbalanced and opcrates to draw attention to a
faulty MW relay while the circuit continues to function
correctly.

Rotational Selection of Secondary Sections

In order to give even traffic loading within a group selection
unit, and to ensure that the same equipment is not used on
successive calls, it is necessary to arrange that any particular
secondary section does mot have continual priority of
selection. A rotational sequencing arrangement in each marker
ensures that priority of selection is given to each secondary
frame in turn. As each secondary frame accommodates two
secondary sections rotational sequencing affects secondary
sections in pairs, but means arc provided to ensure that
priority of selection is given to one section of each pair.
Each group selection unit is served by two markers whose
rotational sequences arc opposite to each other.

Fig. 13 shows the circuit elements involved. Priority of
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FiG. 13—Circuit elements used in rotational selection of secondary
sections

selection is controlled by a magnetic counter in the marker,
which pre-allots the secondary frame. Assume that contact 9
is closed and that one of the two secondary-section TM
relays has operated, thus indicating that the secondary
section concerned is capable of completing the connexion.
Contacts of relay TM operate rclay TO to —50 volts via
MT and MR contacts. A contact of relay TO operates relay
TN to —50 volts via contact 9 of the magnetic counter, and
also holds relay TO. Relay TN, operating, permits completion
of selection to proceed as described under “Link Selection.”
Relay MT in the marker opcrates slowly. A break contact
unit of relay MT releases any TO relays that may have
operated in secondary frames other than the one allotted
by the magnetic counter. Relay MT also operates relay MR,
which locks to its own contact. A further contact of relay
MR prepares for stepping thc magnetic counter after secon-
dary-section action is completed. On completion of this action
relay TM releascs and disconnects the holding earth of relays
TN, TO and MT. The release of relay MT causes the slow
release of relay MR by means of a short-circuit. It also
connects —50 volts to the stepping winding of the magnetic
counter during the slow release of relay MR. The magnetic
counter advances one step, and the next secondary frame
is given priority. The release of MR relay re-applies —50
volts to the secondary sections for subsequent seizures.
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When the magnetic counter advances beyond contact 9
it has to operate contact 10 prior to operating contact 0,
which allots the next frame in the sequence. By the interaction
of relays MS, MT and MR the reset winding of the counter
is pulscd after the release of relay MT and during the slow
release of relay MR, and the magnetic counter is reset to 0.

A check against two contacts of the magnetic counter
being closed at the same time is made following the operation
of relay MT by the differentially-connected relay DC. Under
fault conditions relay DC operates and causes relay MS to
operate following the operation of relay MR. A contact of
relay MS disconnects the —50-volt feed to the contacts of
the magnetic counter, thus preventing further switching.

COMPONENTS
Standard Relays

The electromechanical relays used in the system are of
two types. Fig. 14 shows a round-coiled rclay having a
twin-armed armature operating two spring-sets, and Fig. 15
shows a pair of oval-coiled relays having single armatures
each operating one spring-set. The pair of oval-coiled relays
can be mounted in the samec space as one round-coiled relay.

Fi1G. 14—Round-coiled relay

FiG. |5—A pair of oval-coiled relays

A round-coiled relay may embody two equal spring-sets
having up to 26 springs each, to give a total contact arrange-
ment such as 26 make units on a relay. One oval-coiled
relay may embody up to 33 springs in a single spring-sct, to
give maximum contact arrangements such as 15 make-units
and 1 change-over unit, or 16 make-units. However, it is
normal practicc to limit, where possible, the round-coiled
rclay to 15 springs for each spring-set, because above this
value only a limited number of coil types can operate the
load, and the relatively fast speed of opcration cannot bc



maintained. It is normal practicc to limit the rclay spring-set
of the oval-coiled relay to 26 springs; above this figure a
special armature is nccded.

The fixed and moving springs of a spring-set are hcld in
two notchcd nylon combs and do not require individual
tension adjustment. Tensioning against the armature is
achieved by a special mechanical spring, at the top of each
spring-set, bearing on the moving comb, which rests on the
armaturc.

The standard contact material is an alloy of 90 pcr cent
silver 10 per cent gold, electrically welded to thc contact
springs. The contacts are of the twin-domed type, and the
contact surfacc is maintained by a slight “wiping’’ action in
operation. Spring-set and coil terminals are arranged to take
wirc-wrapped connexions, although it is also possiblc to
arrange a standard relay as a plug-in type by using an
adaptor.

Quintuple Relay Unit

The quintuple relay unit is a special assembly of {ive small
relays cach having a single make-contact, mountcd as one
unit; it is illustrated in Fig. 16. Two of thcse quintuple relay
units can be mountcd together in the space ol onc standard
round-coiled relay. These relay units are used mainly to
register digits in a 2-out-of-5 coded form.

F1G. 16—Quintuple relay unit

Magnetic Counter

The magnetic counter is a stepping rclay (Fig. 17) and
occupies thec space of two standard round-coiled rclays. Tt
comprises a double-winding coil on a single core, and is
designed to operate 10 armaturces in scquence. Thesc, in turn,
each operatc a single make-contact. When pulses are fed to
the stepping winding of the counter the armatures operate in
sequence, onc for cach pulse. As each armaturc opcratcs it
prcparcs the succeeding one for operation, operates its own
make contact and relcascs the preceding contact, all prcceding
armatures remaining held by residual magnetism. For
cxample, after receiving four pulses, armatures | to 4 arc

Fi1G. | 7—Magnetic counter

held in the operatcd position, the fifth armature is ready to
receive the next pulse and only the fourth contact unit is closed.
To release the countcr, one pulse to the reset winding is
required, and this restores all the armatures to their initial
positions,

Miscellaneous Components

The majority of the small components such as resistors
and capacitors are carried on special mountings, which can
be either clipped on top of a relay spring-set, as in Fig. 18,

FiG. [8—Components mounted on relay spring-set

or are suitable for mounting in place of a rclay spring-set, as
shown in Fig. 19. Varistors, quenches and the smaller
resistors can be fitted directly to the terminals of coil windings
and other apparatus. Larger components, such as capacitors,
are mounted directly on a rclay yokc in placc of either the
coil, as shown in Fig. 20, or the spring-sets. For wiring
purposes, all such component mountings present exactly the
same appearancc as the terminals of relay coils and spring-
sets, and are suitable for wrapped-wire connexions.

Fi1G. 20—Component mounted in place of relay coil
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EQUIPMENT PRACTICE

The basic unit for mounting apparatus such as a multi-
selector and rclays is a framec. There are two widths of frame:
1,340 mm (4-396 ft) or 1,050 mm (3 -445 ft) between mounting
holes. Fig. 2 illustrates one of the larger frames. The standard
height of a framc is 390 mm (about 15 inches), but half-
height framcs are also available.

According to the kind of equipment involved, a frame
can mount one complete circuit, part of a large circuit, or
several smaller circuits, A primary section is an example of
one circuit on a frame, a translator an cxample of one circuit
occupying scveral frames, and a line relay-set an example of
one circuit occupying one part of a frame.

Within a frame, relays are mounted on vertical bars which,
as convcnient, can bc provided singly, or grouped togcther
in twos, threes or fours to make a sub-assembly; such a
sub-assembly comprising onc marker is shown in Fig. 21.
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F1G. 21—Sub-assembly comprising one marker

It is often convenicnt if thcre are several circuits in a frame
to arrange the sub-assembly size to mount one circuit.
Frames are also suitablc for accommodating I.D.F.-type
connexion strips for use as a local cross-connexion field.
Each frame (cxcept for the I.D.F. frames) carries at one or
both cnds terminal bLlocks to which all connexions to and

from the circuits on the frame are made. The rear face of
each tecrminal block carries intcrnal frame cabling that is
wired in the factory. The front face is for external connexions,
via exchange cabling to other frames or cross-connexion
ficlds and I.D.F.s, which are cabled during installation. The
system uses wrapped connexions instead of soldered joints,
both for factory wiring and cabling during installation. This
applics to relays (except where British Post Office 3,000-type
rclays are used) as well as to terminal blocks.

The frames are mounted, at the installation site, on up-
rights by a clamping arrangcment to form single-sided racks.
Six standard frames plus one half-height I.D.F. frame form
thc normal complement of a rack. The frames are groupcd
on the racks according to their functions, e.g. register racks,
primary-section racks, ctc. Bctween cvery adjacent pair of
racks there is a cabling chute by which thc cables gain access
to terminatc on the frames. If frames on the same or adjacent
racks are cablcd togcther the inter-frame cablc forms are
prcpared in the factory.

Each frame is fitted with front and rcar covers. Thc front
cover has, at each end, a small hinged portion that opens to
allow access to the terminals on which the exchangc cabling
terminates, without uncovering thc full frame. The covers
are designed to hang one on top of another for parking
when removed for maintenance purposes. At the bottom of
the rack a special power frame is fittcd which carrics the fuse
mounting and the auxiliary alarm or supervisory relays; a
plug-in type of alarm fuse is used. In the centrc of each
rack there is usually a small supervisory pancl which carries,
for example, the busy lamps for all circuits on the rack,
and a fuse-alarm lamp. It also carries a battery jack. Apparatus
and wiring aisles are laid out to standard widths between
covers, but, as the depth of thc rack is only 8 inchcs, more
suites can be accommodated in a given arca than with step-
by-stcp equipment.

Power is distributed by bus-bars to the end of each suite.
A power cable is then run from the bus-bar, down the end
panel of the suitc, and along thc bottom of thc suite to the
various power frames at the bottom of each rack. Each suite
is normally fused by one or two 60-ampere fuses mounted
at the top of thc suitc end-panel.

The physical design allows thc installer to build all the
uprights on site, fit the overhead mesh and run cables, prior
to mounting the individual framecs of switching equipment.
With this arrangement the majority of the heavy work on an
installation can be carried out bclore the assembled frame
units are brought on to the installation floor for mounting.
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Site for the New Post Office Research Station

This aerial photograph, taken looking west, shows the 100-acrc site (outlined by black linc) for the new Post Office Research Station
at Martlesham Heath, Suffolk, to the east of Ipswich. The new buildings will be in the top left-hand corner of the arca outlined.
As described below, work has commenced at the site on the construction and installation of an cxperimental circular waveguide,
the performance of which will be studicd to assess its long-distance transmission characteristics.

Long-Distance Transmission by Circuiar Waveguide

Long-distance millimetric-wave transmission in circular
waveguide using the low-loss Hg, propagation mode is a
possible mecans of providing trunk routes of cxtrcmely high
traffic capacity. The successful dcveclopment of a circular-
waveguide system would permit the transmission of signals
throughout a very wide frequency spectrum, extending from
about 35 GHz to 100 GHgz, with an attenuation of only a few
decibels per kilomectre, independent of atmospheric con-
ditions. This frequency band is large cnough to accommodate
at least a hundred broad-band channels, cach of which could
carry television, multi-channel telephony or data.

The practical possibilities of this form of transmission are
being investigated by the British Post Oflicc Research Depart-
ment, and, as part of the investigation, an experimental [-mile
run of circular waveguide is to be installed on the new

Rcsearch Station sitc at Martlesham. A field site for the first
one-third of a mile has been prepared and can bc seen towards
the bottom of the above aerial photograph, running in a
straight line from a field laboratory among thc trees on thc
left to the boundary fencc on the right. The waveguide is in
the course of construction and installation by University
College London under a Post @ffice rescarch contract.

The performance of the experimental waveguide will be
determined by thc Research Department using specially
developed mcasurement tcchniques, and thc information
obtained will be uscd, togcthcr with the results of other
Research Department expcrimental work, to assess the
rcalizable transmission characteristics of a fully-engineered
circular-waveguidc system.

D. W. M.
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Local-Line Plant: Rationalization of the Cable-Pair

Appropriation Records

D. O. ESSEEN anp H. D. HEWSTONE T

U.D.C. 621.395.743:621.315.213.14:651.5

This article briefly outlines the content and cost of the local-line network, and the methods of recording
the termination, interconnexion and appropriation of cable pairs on main-cable, branch-cable and dis-
tribution-point cards which have been practised until recently. It describes recently introduced procedures
that use new types of combined cabinet-and-pillar cards and new distribution-point cards in conjunction with
Dphotocopiers to expedite and cheapen the preparation of the record and simplify its use. It also describes
the Buromatic Fleet Photocopier, which is being introduced into external-planning offices and sonie instal-
lation-group routing-and-record offices to provide the necessary photocopying facilities.

INTRODUCTION

The local-line network represents capital assets in the form
of external plant with a gross book wvalue of about
£500,000,000. This includes about 10,000,000 cable pairs from
exchange main distribution frames (M.D.F.s) through to
1,200,000 distribution points (ID.P.s), and 28,000 cabinets and
45,000 pillars, which provide flexibility. The termination and
interconnexion of the cable pairs between M.D.F.s, cabinets,
pillars and D.P.s is recorded on some 2,500,000 cable-pair
allocation cards held and used in routing-and-record offices
for the provision of service, plant-exhaustion information,
control statistics, and, in telephone exchanges, for mainten-
ance purposes. During 1966 the network was increased by
some 750,000 cable pairs, 77,000 D.P.s, 440 pillars and
2,500 cabinets. The compilation of about 800,000 cable-pair
allocation cards was necessary to record this increase and any
consequent rcarrangements of existing plant. The cost of this
effort in planning offices and routing-and-record offices is
estimated to be nearly £500,000, and it is expected that a
simnilar annual effort will be necessary for many years to
record new plant provided to satisfy the anticipated demand
for telephones.

The format of the nain-cable, branch-cable and D.P.
cards* introduced in 1949 has caused some difficulty in
cable-pair allocation and other uses. Many marginally-
improved methods were considered, but no alternative which
gave sufficient advantage in facility of use to justify changing
what had become an extensive and established record was
available until a comprehensive study, which included the
effort involved in the procedures for creating the records, was
undertaken. This revealed that photocopying facilities could
be used to make savings substantial enough to justify a major
change in records and procedures.

PROCEDURES

The provision of new plant and records commences in the
Telephone Area external-planning group with the preparation
of a development scheme. The proposed layout of the new
cable pairs on the cabinets, pillars and D.P.s is designed from
the new scheme plan, using, in addition, information copied
from the existing records. The layout is used to prepare
works-instruction records, which list the present and proposed

1+ Exchange-Area Planning and Economics Division, Opcrational
Prograinming Department, Telccommunications Headquarters.

* MORRIS, A., and Doran, W. H. Local-Line Plant: Pair-Appro-
priation Records. P.O.E.E.J., Vol. 43, p. 69, July 1950,
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terminations and cross-connexions in a form suitable for use
by the construction staff who are to execute the work. After
completion of the field work, these works-instruction records,
amended if necessary to accord with the actual work done, are
sent to the routing and records officer who, under the old
procedure, transferred and rearranged appropriate parts of
this information into a different form on three sets of cable-
pair allocation cards, i.e. main-cable, branch-cable and D.P.
cards. He also prepared a further set of D.P. cards for
maintenance use at telephone exchanges. The above in-
formation-transfer processes normally required the samc basic
record information to be inanually transcribed five times
between forms and cards of differing formats and for various
purposes.

The two new cable-pair allocation cards, the cabinet-and-
pillar card and the D.P. card, have a format which is suitable
for all purposes, and allows the permanent record card to be
produced in the planning stage as part of the normal course
of designing and preparing works-instruction records. A
photocopier is then used to create a translucency of the card,
and, from this translucency, dyeline prints are made for usc as
works-instruction records by the construction staff. A photo-
copy of the D.P. card is also provided for maintenance use.
The new cards and procedures, in conjunction with the use of
photocopiers, will normally reduce the stages of manual
transcription from five to one, thus reducing costs and im-
proving accuracy. The flow chart in Fig. 1 compares old and
new procedures in the planning group, the works group and
the installation group routing-and-record offices, and shows
clearly the stages of hand-copying that are eliminated.

RECORDS

Fig. 2 shows a typical subscriber’s line between the
telephone-exchange M.D.F. and the subscriber’s premises,
and Fig. 3 shows elements of the old forms and cards used to
record details of that connexion. The old forms (A154, A961)
are marked to indicate the works instruction issued when
subscriber 5432 was diverted from D.P. No. 28 to new D.P.
No. 209 on new pillar No. 4, which has been installed to
provide distribution relief in conjunction with cabinet relief,
in turn provided by a new augmenting main cable. The old
cards (A2549, A2550, A2555 (a)) show how this was recorded,
after completion, on the cable-pair allocation cards. A single
diversion only has been shown, to illustrate the principle.
In practice, there would usually be many changes on each
D.P., and all new main-cable pairs would be cross-connected
through to D.P.s.
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Fi1G. 1—Flow charts of old and new procedurcs

Fig. 4 shows elements of the new cards marked to show the
same plant changes, and a comparison with Fig. 3 makes the
advantages of the new cards clear. The cards have been
designed to be used for

(¢) cable-pair allocation by routing officers,

(if) cabinet, pillar and D.P. termination and cross-
connexion design by planning oflicers,

(ii7) development-scheme works-instruction records pre-
pared by planning officers and photocopied for the use of
works staff, and

(iv) plant-exhaustion information.

They are two-part cards which, as a whole, can express all
the information required for works-instruction records. The
right-hand parts can be detached and form the permanent
cable-pair allocation cards. The whole or parts of one or both
cards are used by the planning officer, according to the
nature and requirements of the work.

ADVANTAGES

The advantages that will result from the new records and
procedures are as follows.

(a) There is a potential annual saving of about £165,000,
which represents 33 per cent of that part of the planning
office and routing-and-record office effort devoted to the
preparation of cable-pair records.

(b) The reduction in the amount of hand-copying will
reduce the number of copying errors, giving some improve-
ment in the accuracy of the records.

(¢) The use of a format that is more rational with respect to
the physical arrangement of plant in the field and as depicted
on plans and diagrams, and which is suitable for all cable-pair
rccord purposcs, must facilitate work in both planning offices
and routing-and-record offices.

(d) The count of spare pairs for exhaustion-of-plant returns
is quicker and cheapecr,
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(6) Record Cards
Fi1G. 3—The old-type cable-pair allocation records

THE PHOTOCOPIER

The two principal photocopying requirements of the new
proccdurcs are for (4) a single positive copy from existing
record cards in routing-and-rccord offices, and () up to six
copics of all new record cards preparcd in planning offices
(a translucency from which dyeline prints can be reproduced
is inost economic for this purposc).

The choicc of a photocopicr was quickly narrowed down
to one of the reflex type and, finally, to.the Buromatic Fleet
Photocopier. By the use of one type of translucent autopositive
papcr, this photocopier can producc either a positive or a
reversc copy dircct from the original without the need for an
intermediate ncgative.

The Buromatic Flcet Photocopier consists basically of two
sections, namcly, the light-box, to expose the sensitized paper,
and the processor, to develop and stabilize the copy. The two
sections are connected electrically but can be used indc-
pendently.
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FUTURE DEVELOPMENTS

An article on local-cable-pair appropriation records would
be incomplete without brief reference to further developments
in this field now bcing formulatcd and cvaluated. 1t seems
likely to prove cconomic and expedient at some tinic in the
future to use computers to store and process at lcast part of
these records as part of a fully-integrated automatic data-
processing system for Telephone Arca operation. The new
card A2648 has becn cvaluatcd to ensure that it is satisfactory
for use as a primary-data collection document from which
punched cards can be prepared as input media to a computer.,
It will, thercfore, facilitate this next step if it comes to fruition,

There is an imnediate need for an improved standard
method of quickly finding thc appropriate D.P. rccord from
the address of a potential subscriber when application for
service is made. Hitherto, the main official method of doing
this has been by using the Ordnance Map record. The forecast
of high telephone penetration is leading to thc position in
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F1G. 4—-The new combined cable-pair allocation and works-instruction record cards

which a D.P. pair will exist for most tenancies. The D.P.
record will then have space for a record of most tenancics,
and many will normally be recorded in D.P. pair order. It
is a logical ncxt step to devise a D.P. record which allows all
the addresses to be written in road numerical order so that
access to the plant record can be made dircctly from a given
address. An address/D.P. plant record of this type is at
present under trial, and it is possible that the D.P. card
A2555 (b) will be superseded in due coursc by this new record,
which retains the procedural advantages of the latter whilst
providing quick address/D.P. “look-up” facilities in a form
rationalized to make easy information transfer to a computer

should this prove desirable. There may well be an interim
period during which a more simple address/D.P. look-up,
which can be brought into use more quickly and cheaply,
will be introduced.

ACKNOWLEDGEMENTS

The authors wish to acknowledge the contribution of
Regional and Telecphone Area staffs in all Telecommuni-
cations Regions to the formulation and ficld-trial of the new
methods, particularly to those in the North Eastern Tele-
communications Region, who were responsible for much
innovation and trial.

31



Maintenance of the Subscriber Trunk-Dialling

Network

B. F. YEO, C.G.LA,, C.ENG., M.LE.E, and J. H. GEEY

U.D.C. 621.395.635.4-7

The extension of subscriber trunk-dialling facilities to all subscribers will not be achieved until 1970, but for
several years a rapidly increasing numnber of subscribers have had direct experience of the performance of
the trunk network. This means that the service has beconie less and less susceptible to the shielding effect of
the operator who, with the manually-controlled service, could make repeated attempts to establish an
initially unsuccessful call. New maintenance concepts have, therefore, become necessary to raise main-
tenance standards so that the new service will provide a perforinance no less satisfactory than the manually-
controlled system. This article discusses the problemns that have arisen and the techniques that are and will

be used to overcome them.

INTRODUCTION

Although the program for the extension of subscriber trunk-
dialling (S.T.D.) facilities is not due to be completed until
1970, already most trunk calls are subscriber-dialled. For
several years, however, more and more subscribers have
become directly exposed to the standard of performance
given by the trunk network without the shielding cffect of an
operator, which was previously obtaincd under the manually-
controlled service. This emerging situation has forced the
maintenance engineer away from the old concept, where local
and trunk cxchanges tcnded to be treated in isolation, to the
view that thc whole system should be dealt with as a large,
integrated, line, signalling and switching network.

This article discusses the problems that arise and the
approach which has been madc in these circumstances, and
suggests how new tcchniques may be exploited in the future
to improve the S.T.D. service.

A national trunk-dialling system places even greater
emphasis than bcfore on the need for rcliable long-distance
lines. The apportionment of failures betwcen line plant on
the one hand and exchange equipment on the other is, at
present, difficult to asscss quantitively. However, experience
suggests that, as far as trunk circuits are concerned, the
number of faults attributable to line plant tends to bc greater
than that duc to exchange equipment. Neverthcless, when
considering all the equipment involved in making an S.T.D.
call, the overall performance as seen by the caller is more often
adversely affectcd by exchange-equipment failures than it is
by linc-plant defects. This article, in consequence, is con-
cerned mainly with nctwork maintenance as seen from the
switching and signalling point of view. This is not to say that
the performance of line links is necessarily satisfactory or
could not be improved, but the widespread use of automatic
gain-control on h.f. groups, coupled with arrangements now
being introduced for the automatic busying of trunk circuits,
will have the result of further buffering the caller against the
effects of line-link variations and breakdowns. Strenuous
efforts are also being made to reduce the incidence of line
faults and interruptions due to working-party activitics—
particularly on multiple-path routes—by a series of ‘‘plant-
improvement plans.”

1 Mr. Yco and Mr. Gee are, respectively, in the Exchange Equip-
ment Design and Installation Standards Branch, Tclecommunica-
tions Developmcent Department, and the Systems Performance and
Maintenance Branch, Service and Salcs Department, Telecommu-
nications Hcadquarters.
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Trunking and Definitions

Typical arrangements for the routing of S.T.D. calls out-
going from director and non-director areas are shown in
Fig. 1 and 2, respectively. Corresponding arrangements for
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S.T.D. calls incoming to dircctor and non-director areas are
shown in Fig. 3 and 4. At this point it is worth dcfining some
of the terms commonly used in conncxion with S.T.D., as
follows.

Trunk Circuit: A long-distance conncxion bctween one
exchange and another, used to carry public telephone traffic.
It comprises the terminal signalling rclay-sets plus the line.
The latter may be routed wholly in audio-frequency cables,
or may consist of a circuit in a singlc carrier group or in an
h.f. system, or be made up of various combinations of these
three main categories. Often, as far as the present division of
maintenance responsibilities is concerned, a trunk circuit is



taken to include equipment, at the incoming end, which is
permancntly and individually attached to that circuit, c.g.
the incoming first-sclector.
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Fi1G6. 3—Quality-of-service measuring point for incoming S.T.D.
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Trunk Exchange: An exchange for switching traffic to or from
the trunk nctwork, and to which subscribers are not directly
connected. An cxample of such an exchange is the incoming
register-tranlator unit to be found in director areas for
distributing incoming trunk trathc to local director exchanges.

Group Switching Centre: The exchange at which subscribers
in a charging group or dependent charging group are con-
nected to the trunk network. It is here that the controlling
register is situated. In smallcr group switchingcentres (G.S.C.s)
the trunk switching equipment is oftenaccommodated with the
local exchange equipment, so that subscribers obtain access
directly to the controlling register-translators.

Local Exchange: An exchange to which subscribers are
directly connected and whose main function is to connect
those subscribers together. The subscribers may also be
connected, via junction circuits, to similar exchanges in a
linked-numbering area. All local exchanges are dircctly
connected to their respective G.S.C.s.

SERVICE MEASUREMENT AND FAULTING
TECHNIQUES

The principal method of measuring service is, at the
present time, centralized service-observation. This is used to
measure local scrvice—by observing the progress of local
calls—at local cxchanges, and to measure S.T.D. service by
observing the progress of trunk calls as scen at the point
where they enter the S.T.D. network, i.e. at the input side of
the controlling register-access relay-sct. The S.T.D. measuring
points are indicated “C.S.0.” on Fig. 1 and 2. Such observa-
tions relatc to outgoing service, and are a measure of thc
performance of the outgoing trunk-switching equipment at
the originating centre plus that of the line and signalling
cquipment, of the incoming trunk-switching equipment at
the distant end, and of the local nctwork at the distant end.
Other obscrvations, known as trunk automatic observations,
are taken at the incoming sections of trunk units and G.S.C.s,
and are a mecasure of the service given by that part of the unit
plus that given by the local network scrved by the unit. These
observation points are indicated “T.A.O.” in Fig. 3 and 4.

The live traffic thus observed is monitorcd by specially
trained operators. Calls to be observed are presented on a
randoin basis and the opecrator sces, in cffect, a sample of the
service given by the network. The setting-up sequence is
recorded in detail for each observed call, and the results are
subsequently analysed at a central point by computer. About
1,000 outgoing calls are observed each month at all main trunk
units and about 500 at nearly every G.S.C. The suminarized
results are madc available nationally, and arc also analysed
in more detail and made available each month to local traffic
and cngineering staffs. Failures due to plant (cxpressed as
“percentage calls ineffective due to plant defects’”) are broken
down into the following componcnts: no tone, number-
unobtainablc tone, wrong numbers, and miscellaneous. The
number-unobtainablc tone may be further divided, for local
benefit, to indicate the stage of the call at which tone is
rcceived. The degree of congestion is also shown and is
divided as far as possible at present into “local” and ‘‘distant”
catcgorics. The existing standard busy tone does not dis-
tinguish between plant busy and subscriber busy, but it is
sometimes useful to know the point at which the tonc is
received. A new form of busy tone---<cquipment-cngaged
tonc—is being introduced, and this will yield additional
information to help in pin-pointing the places in the network
where congestion is occurring.

Centralized service-observation measurements are sup-
plemented by trunk-line dialling tests; these are at present
carried out by operators hut are soon to be performed by
automatic equipment, These tests are a means of assessing the
performance of trunk routes between main switching centres.
Various other checks are, or will be, carried out by automatic
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monitors and call-sending and display devices, which cither
exist or are in the course of development. The monitoring
devices are used by engincering staff, as required, to provide
measuremcnt of service and to indicate where in the system the
equipment is not working satisfactorily; thc call-senders are
used to investigate the performance of a particular trunk route,
or individual trunk circuit, by automatically transmitting a
series of test calls to a special test number at thc distant ex-
change. The sending equipment notes the receipt of the correct
supervisory tone or othcr appropriate signal from the test
number. Most test-call sending equipments nay bc used in
two ways: first, to measure pcrformance by noting the
number of failures out of the total of test calls transmitted,
and, second, to assist in locating faults by holding the con-
nexion when the correct signal is not received, thus allowing
the equipment set-up to be traccd through to dctcrmine the
point of failurc.

The trunk and junction routiner is another device for auto-
matically checking thc performance of trunk routes, circuit
by circuit. The routiner also makes usc of a special test
number at the distant centrc, not only to check correct
routing but to enable a test tone to bc received by, and
transmittcd from, the test number rclay-set to measure thc
transmission performancc of the trunk circuit under test.

Another approach which has proved of value in showing-up
areas of difficulty in the nctwork is that known as the refer-
ence-centrc procedurc. In principle, this is mercly a system of
plotting, in grid formation, reports and indications of diffi-
culties encountered. Thus, assistance operators and local
maintenance controls pass details of subscribers’ reports to
the reference centre, where they arc plotted, as appropriatc,
in terms of point of origin against destination. Fig. 5 shows
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the layout of a typical form used for plotting purposes.
Reports are also received from trunk maintenance control
centres. In the course of a few hours it is often possible to
detect a pattern which dirccts attention to a part of the
network where troublc is being experienced and where
detailed investigation is callced for.

The hold-and-tracc technique, previously mentioned, is
a time-consuming method, often requiring the co-operation
of staff at a distant switching centre. Furthermorc, thc
practice of holding common equipment and high-revenuc-
earning trunk circuits as the sole mcans of network main-
tenance is to be deprccated. Holding and tracing, therefore,
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should bc regarded as supplcmentary to the regular pre-
ventive-maintenance procedure, only to be applied when it is
not possible to identify a particular source of trouble by othei
mcans.

Distant-end co-operation may not be necessary, when, for
example, the performance of a particular trunk circuit or route
is being checkcd, because test calls can be scnt to a test
nuimnber. However, the need to avoid wasteful allocation of
sclector levels means that the test-number relay-set is usually
trunkcd from 3rd-selector or subsequent levels. This results
in the success of the test call being dependent, in part, on the
performance of the distant-end switching train, a fcature that
can sometimes confuse the issue when it is the trunk circuit
itself which is being investigatcd. To overcome this draw-
back a new form of test-number relay-sct has becen proposcd.
This has the capacity to storc several digits, thc value of
which can be predetermined. Once the rclay-set has been
seized, the test-call sender at the outgoing end of the circuit
transmits the predctermincd digits. If thcsc are correctly
received, the answering relay-set rcturns an acknowledgement
signal which the sender recognizes. Aftcr a suitable intcrval,
to allow thc scnder and test-number relay-set storcs to resct,
the sender repeats its program; this time the initial routing
digits arc suitably absorbed in the answering rclay-set. The
connexion is maintained throughout thc scquence and the
process continues until the sender is manually disconnected
from the trunk-circuit relay-set.

The facility of transmitting Strowgcr pulses at speeds and
ratios other than nominal enables the sendcr, if required, to
check the pulsing performance of the trunkcircuit. Moreover,
after reaching the answering rclay-set, the correct operation
of the distant-end switching train to subsequent digits is no
longer a factor. Thc degree to which a ncw test-number
relay-set design, as proposed, may be arranged to coinbinc
the functions of more than onc type (to minimize thc total
number of tcst-numbers or levels required) has yet to bc
detcrmined.

GENERAL APPROACH

The idca of an integrated switching network is, of course,
not new in principle. The dircctor system, for example,
operates in this way, and, moreover, depcnds on a controlling
rcgister-translator at every exchange to facilitatc the use of a
common numbcring scheme for the arca served and to provide
the mcans of stccring the calls to their objective exchanges.
The S.T.D. system is similar, but is complicated by more
complex charging and routing arrangements and by having
to function over a long-distance network incorporating more
claborate signalling and transmission systcms. The long-
distance aspcct, in particular, tends to magnify the problems
of co-operation which often arisc betwecn two exchanges.
It is, neverthcless, important that thesc problems be recognized
and overcome if fault tracing and clearing arc to be expedited.
It must be appreciated not only that the outgoing S.T.D.
service, as seen from a G.S.C. or trunk exchange, is depcndent
in part on the performancc of distant local networks, but that
the incoming scrvice of that G.S.C. and of the local area
which it serves are influencing some other centre’s per-
formance.

The behaviour of the S.T.D. network as one large linked-
nuinbering area, normally working without the intervention
of an operator, raiscs more acutely the question of what
overall performance should be expccted. In 1964-65 the
call-failure rate due to plant defccts, expressed as a pcr-
centage, was twice as bad as corresponding figures from the
U.S.A., West Germany and Switzerland—to name only a few
other Administrations. Although the systems in use and the
mcthods of mcasurcment arc not thesame in all respects, it is
cvident that the United Kingdom service could be better.
This state of affairs has been recognized in the priority now
being given to the improvement of service; thcintensification



of effort which this facilitates is beginning to show en-
couraging results.

With any system it is probably truc to say that improvement
in service beyond a certain point involves an incrcasingly dis-
proportionatc cost—whether in terms of manual effort, tester
and routiner provision, or initial equipment costs. With this
in mind, it is likcly that the best overall average S.T.D.
service which can be achieved in the United Kingdom under
present circumstances is a call-failurc ratc (due to plant
defects) of between 2 and 3 per cent. There can be as many as
16 stages of equipment involved in sctting-up an S.T.D. call
from one director area to another; this demands fromn each
item in the chain a standard of performance which is con-
sidcrably higher than that (until recently) considered accept-
able for local service.

The general approach to maintenance is to subject the
equipment to routine-testing and preventive work in an
endeavour to anticipatc service failurcs, supplemented by the
qualitative system-diagnosis method of the reference centre
and coupled with special investigations into spccific arcas of
weakness, making use of the auxiliary devices and techniques,
e.g. monitors and senders, under hold-and-trace conditions.
Thus, with an S.T.D. network based as it is on Strowger-
type electromechanical switching equipment, judiciously-
applied preventive maintenance is necessary to keep the
system generally under control and in good condition. The
higher standards now demanded lead, in turn, to the more
intensive provision and utilization of automatic routine-
testing devices, coupled with the liberal use of available and
projected call-sampling equipment. The supervising main-
tenance engineer also has an interest in the adequacy of
equipment provision and in the efficiency of gradings used in
the installations under his control, since congestion, in some
circumstances, tends to increases the number of calls in-
effective due to plant defects. Above all, he needs to exercise a
continuing management function, keeping all aspects of
service and plant performance under constant surveillance,
so that maintenancc effort may be effectively deployed to
anticipate trouble rather than to deal with it after it has
appeared.

EQUIPMENT PERFORMANCE

The service given by any system is determined primarily by
the reliability of its individual components. This is particularly
so with the existing S.T.D. network, based on step-by-step
equipment and having no repeat-attempt fcature to shield
the caller from first-attcmpt failures. All equipment has an
inherent liability to failurc at somc time, although carcful
design can reduce this considerably; it is, therefore, an
important aspect of the maintenancze cngincer’s job to identify
weaknesses in items of equipment, to minimize failures due
to these causes by suitable maintenance techniques, and,
finally, to anticipate the remainder by periodic overhauls and
inspcctions. Because of the influence of many factors such as
environment, age, frequency of operation, and variations in
routine maintenance work, it has always becen difficult to
determine the inherent reliability of production equipment
working under live-traffic conditions. An attcmpt is now being
made to remedy this situation and obtain more accurate
information about equipment pcrformance by carrying out a
serics of controlled cxperiments in the field.

An example of an investigation currently in hand is that
into the behaviour of a particular signalling system. The
relay-sets associated with a selected number of trunk circuits
were first overhauled and tested. The correct functioning of
each relay-set plus line plus distant-end relay-set was then
verified by passing a series of test calls over the circuits. The
experiment is continuing as follows. Normal routine-testing
of thc rclay-scts is carried out and any faults which arise
therefrom, or are brought to notice by othcr mcans, arc
carefully noted and investigated. At regular intervals a further
series of test calls is passed over the circuits to check the

overall performance, and each relay-set is inspected and its
adjustments checked. Results so far obtained suggest that the
individual relays will remain in adjustment for a considerable
period (after correct initial treatment) and that, after an
initial settling-down period following the disturbance dueto
overhaul, the signalling system is capable of giving a very
good pcrformance; in fact, given proper treatment before
being put into service, the inherent reliability of the system is
likely to prove appreciably better than earlier experience had
suggested.

MAINTENANCE EXPERIENCE

The detailed work involved in investigating particular
difficulties calils for a high degree of perseverance. Since the
work is generally a matter of thc diagnosis and clearance of
faults of an intermittent nature, it is best carried out by a
nominated individual or team. Every cncouragement nceds
to be given to the staff concerned with this type of work to
maintain the cffort despite the fact that the immediate results
might well be discouraging.

Test-call sending and live-traffic monitoring have already
been mentioned. The temptation to follow-up these progranis
by hold-and-trace exercises from the originating unit should be
resisted, except in those instances where the general level of
performance is already good, so that poor results are ex-
ceptional and their causes are consequently fairly easily
identifiable.

Investigations have shown that a high proportion of faults
arc such as can be found by normal routine-testing pro-
cedures. A commmon causc of trouble, not always obvious, is
the inconsistent behaviour of timed rclays not in correct
adjustment. Selcctor circuits, and many of the British Post
Office signalling circuits, rely for their proper performance
on the correct contact-sequencing and timing of many relays.
Although most circuits are tolcrant over a large range of
deviation from nominal of the battery-supply voltage, pulsing
speeds, and make-to-brcak ratios when treated separately,
multiple connexions such as occur in the trunk nctwork can
cxperience failures under certain circumstances when limits
are allowed to drift.

With the increased use of routiners, failurcs from this sort
of trouble should be greatly reduced, provided that circuits
failing a routine-test cycle (on the timing test) are subsequently
dealt with properly. Many investigations have confirmed that
when the timing of a rclay is adjusted so that it lies within the
maximum (or minimum) limit and the mean value of the
timing range (depending on whether an operate or rclease lag
is required), it will stay well within the routiner reject limits
for a long pcriod. This has a double reward: circuits so
adjusted are far morc tolerant of each other when connected
in tandem, and it helps to boost morale and gives greater
confidence in the routiner. This results from the maintenance
engineer being freed from the frustration of finding on re-test
that cquipment shown up as faulty by thc routiner performs
satisfactorily because, during the intervening interval,
marginal tecmperature changes have caused the relay timing
to move within the pass limit of the routincr test.

THE FUTURE

The trunk transit network, soon to be commissioned, is
expected to give an improved performance (on those calls
which require multi-link connexions) by virtuc of the repeat-
attempt and sclf-checking features inherent in the signalling
and switching system designs. The bulk of S.T.D. traffic will,
however, continue to be carried by the existing Strowger-type
network for many years to come.

In the near future, the progressive introduction of clectronic
and crossbar exchanges will give a continuing improvement
in the performance of local switching networks; this, in turn,
will have a beneficial cffect on S.T.D. service. In the more
distant future the wider application of common-control and
electronic switching techniqucs, making possible faster switch-
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ing and signalling systems, will facilitatc the extension of the
repeat-attempt feature so that the caller will be increasingly
sheltered from the cffects of network failures. Ultimately,
the possibility of call-routing and control over an integrated,
computer-based, nctwork, with automatic re-routing and
in-built safcguards against network failures, holds out cven
greater prospect of an S.T.D. service which opcrates at
maximum efficiency and which is effectively free from failurc
as far as the user is concerned.

Arrangencnts will also be made for calls to be sampled and
monitored automatically during set-up so that failures may be
recorded in detail and fed into a computer for subsequent
analysis. From this, a great deal of useful information will be
derived: traffic data, routes and destinations giving poor
performance, stages within thc originating centrc where
failures are occurring, and, of course, a continuous measure of
S.T.D. service.

The development of storage and data-processing systems
for the various operational needs of Tclephone Areas and
Regions will facilitate the collection and analysis of inforina-
tion derived from automatic testing equipment such as the
trunk and junction routiner. This will enable trunk-switching
centres, trunk maintcnancc controls, and management at all
levels, to be served rapidly with up-to-date and detailed
results, thus allowing a closer and more effective control to be
exercised on network performance.

CONCLUSIONS

The advent of S.T.D. has resulted in the emergence of a
national integrated network in which switching, signalling
and transmission functions are inescapably interrelated. This
situation, coupled with renewed emphasis on giving service
to the subscriber, means that maintenance can no longer be
conducted solely by decaling with trunk exchanges, local
exchanges, etc., in isolation, but must be organized and
managed on a national basis, with particular reference to the
need for co-operation between the various centres. Strowger-
type cquipment will carry the bulk of S.T.D. traffic for many
years to come, and must be madc to give a higher standard of
performance than it docs at present, if the overall service
objectives are to be realized. Regular analysis of performance
figurcs and the dectermined follow-up and rectification of
weaknesses thus indicated will usefully supplement routine
maintenance work.

Experience has shown that many of the faults found in the
coursc of special investigations are straightforward and
capable of detection by normal methods if these are sys-
tematically applied. It is hoped, in the future, to utilize
clectronic and computer techniques to shield the subscriber
from some of the network failures at present encountered,
and, at the same time, to provide useful traffic and main-
tenancc information to assist management in directing effort
to the best advantage.
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fear of pages dropping out.

Although most volumes in the Radiation Laboratory
Serics are devoted to spccific radar subjects, ‘“Propagation of
Short Radio Waves’ deals with the phenomena associated
with the propagation of such waves between terminal points,
whether they be the radar antenna serving a dual purpose or
the antennas of a communications system. The authors
sought to present a summary of the state of knowledge in the
microwave-propagation field at the close of the war, a subject
they admitted to bec a rapidly changing one.

The object of “Electronic Time Measurements” is to
present the method of approach to the problems of radio
time and distance measuremecnt by manual and automatic
means, and to describe practical circuits employed for thesc
purposes in the 1940s. The book also includes techniques of
pulse data transmission and pulse-amplitude cancellation
methods.
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The authors of “Threshold Signals’’ wished to write a more
or less complete critical account of the experiments and
theoretical ideas pertaining to the problem of the detectability
of a signal in noise. It soon became clear, however, that the
subject was too large for this, and they therefore limited
themselves to describing the work done at the Radiation
Laboratory during the war, with sufficient introductory
material to make the account intelligible.
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The Dover Publications paperback edition of ‘““Trans-
mission Lines, Antennas and Wave Guides” is a corrected
and up-dated version of the work first published by McGraw-
Hill Book Company, Inc., in 1945.

This book provides an introduction to the basic principles
of transmission lincs, antennas, waveguides and radio-wave
propagation in the ionospherc. In accordance with its
objective, the presentation avoids complicated mathcmatics
but is, nevertheless, consistent with the more advanced
mathematical theory. It seeks to give an insight into the
fundamentals of radio transmission and radiation for practi-
cal engineers, radio astronomers, radio amateurs and college
students.

The first chapter, by Dr. Wing, deals with non-resonant and
dissipationless lines, transmission-line constants, impedance
matching, circle diagrams and gcneral equations from the
conventional clectric-circuit point of view. The last chapter,
Chapter 4, is by Dr. Mimno and discusses ground-wave and
sky-wave propagation. The middle two chapters were pre-
pared by Dr. King: the first, on antennas, begins with a
qualitative introduction to electromagnetic theory, and
continues on to the driven antenna and the receiving antenna
as circuit elements, coupled antenna and transmission lines,
electromagnetic field of antennas and arrays, and closed
circuits as antennas; the second is devoted to ultra-high-
frequency circuits, covering classification of circuits and
transmission, non-resonant and resonant circuits.



The Effects of the Earth’s Magnetism on

Submarine Cables

G. A. AXE, C.ENG., M.LLE.E.T

U.D.C. 621.315.28:550.38

In this article two sources of extraneous voltages that affect submarine cables are considered: voltages
which are induced in water moving in the earth’s magnetic field, which may, in favourable conditions, produce
a current of the order of tens of milliamps in a cable’s centre conductor if it is earthed at both ends, and
voltages induced in cables when there are violent changes in the earth’s magnetic field, which, for some cables,
can be of the order of 1,000 volts and can interfere with the power supply to submerged repeaters if allowance

Sfor the effect has not been made.

INTRODUCTION

The magnetic phenomena which affect submarine cables are
of two types: those that are due to the movement of conduct-
ing material in the earth’s magnetic field, and those due to
changesin the magnitude and direction of the earth’s magnetic
field. In nearly all instances they result from natural
causes, the notable exception being the disturbance of the
earth’s magnetic field due to nuclear explosions at high
altitudes.

In the heyday of d.c. telegraphy the effects of magnetic
phenomena were of widespread interest and of consequence,
since the voltages produced were of the same order as those
used for signalling. Of recent years the influence of such
phenomena on the power-feeding arrangements for sub-
merged repeaters has been noticeable, although rarely of any
great significance. More attention will need to be paid to these
effects, however, with transistor repeaters, as the power-
feeding voltages are generally lower.

Land cables are sometimes similarly affected, but the
effects are more noticeable and of more consequence on
submarine cables owing to their freedom from other inter-
ference and their generally greater lengths.

EFFECT OF MOVEMENT OF WATER

When a large body of water is moving, and, therefore,
cutting the earth’s magnetic field, it would be expected that
an e.m.f. would be induced in it and that a current would
flow through the water and return through the sea bed; this
was pointed out by Michael Faraday very soon after his
discovery of electromagnetic induction in 1832,! but his
attempts to verify it experimentally in the Thames near
Waterloo Bridge were unsuccessful.

When the water is moving through a channel spanned by a
cable earthed at both ends a current will flow through the
cable. If the movement of water is due to the tides, the
current will change direction with the tides; in fact, it will be
an alternating current, usually with a frequency of two cycles/
day. It should be particularly noted that the current is due to
an e.m.f, induced in the water—no e.m.f, is induced in the
cable. This is an example of the generation of electricity by
the movement of a conducting fluid in a magnetic field,
magneto-hydrodynamic generation (m.h.d.), a subject of
current research in an attempt to convert heat energy to
electrical energy without the use of rotating machinery.

t Line and Radio Branch, Tcleccommunications Devclopment
Department, Telccommunications Hcadquarters.

The effect has been noticed on many occasions during
cable testing,2:3 probably the first being in 1851 on the first
successful Anglo-French cable, and was dealt with quanti-
tatively in a paper by M. S. Longuet-Higgins in 1949.4 In the
idealized case there considered—a long straight shallow
channel of semi-elliptical cross-section—it was shown that the
potential diflference in volts (¢) between the two sides of the
channel is given by

vZL x 10—8 ,
1+ (Ry{L/R,2D)
where v = velocity of the water (cm/s),

L = width of the channel, i.e. the distance between
the earth electrodes (cm),

D = depth of the channel (cm),

Z = vertical component of the earth’s magnetic
field (gauss),

e =—:

R, = specific resistivity of the water (ohm.cm), and
R, = specific resistivity of the water-channel bed
(ohm.cm),

It will be noted that the potential difference is independent
of the direction of the cable, since only the vertical component
of the earth’s magnetic field will produce any e.m.f, between
points in a horizontal plane, and it is not directly proportional
to the distance between the earth electrodes except when the
term R;L/R,2D is very small. Potential differences due to this
effect, which have been measured between earth electrodes
(in most instances the cable outer conductors) on either side
of various stretches of water, are given in Table 1.

TABLE 1
Voltages due to Water Movement at Spring Tides
Distance
Between | Maximum | APProx-
Earth | Potentia] | mate
Route Elcctrodes | Difference | Rate of
(Nautical | (Volts) Flow
Miles) (Knots)
St. Margarets Bay-Sangalttc. . 20 0-89 2-45
Aldeburgh-Domburg .. 81 0-74 1-60
Port Kail-Donaghade .. 22 0-93 2-70
Nevin—-Howth .. . 62 1-05 2-15
Portsmouth-Ryde .. .. 4-5 0-3 1-75
Gairloch-Stornoway .. 37 2:2 10

Another feature which the theoretical treatment indicates
is that the return currents extend down into the sea bed and
inland from the shore lines to distances comparable with the
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width of the channcl. These currents may, therefore, affect
inland cables ncar the coast.

Since the communications engincer is usually only con-
cerned with this phcnomenon to the extent of rcassuring
himself that it may be neglected, it will be of interest to
consider the maximum voltage that is likely to appcar
between earth electrodes and the maximum current which
would then flow in a cable.

For a given length of cable, the voltage will increase as the
expression R;L/R,2D gets smaller; the highest voltages will,
therefore, be found across narrow deep channcls with beds of
high resistivity. For example, if thc channcl considered is
10 nautical miles wide, 50 fathoms dcep, and with a bed
consisting of igncous rock whose resistivity may be of the
order of 10° ohm.cm, then, taking the resistivity of sea water
as 25 ohm.cm, the expression R;L/R,2D has a value of 1/40.
Under these circumstances the potential difference between
the ends of a cable duc to a 2-knot tide would be 0-85 volts
and, since the conductor resistance of typical concentric
submarine cable (0-62 in. diameter diclectric) is of the order
of 2 ohms/nautical mile, the maximum current that could
flow in such a cable would be about 40 mA.

The magnitude of these cffects is insufficient to affect cither
the design or operation of submerged-repeater systems, but
it does cause difficultics during d.c. cable-fault location, and
is known to have had onc other interesting and unfortunate
eflect. After a scries of reports of the poor insertion-loss/
frequency characteristic of a music circuit to Northern
Ireland (an audio circuit on a coaxial submarinc cable) it was
found that the low-frequency loss varied with the state of the
tide. 'This proved to be duc to saturation of the audio-
frequency transformers by the current flowing through the
centre conductor of the cable at the time of maximum flow
of water. The maximum current measured was about 20 mA.
The difficulty was simply overcome by fitting a large serics
capacitance in the circuit at onc end. Fig. 1 gives a typical
arrangement of audio-frequency equipment associated with
an unrcpeatered submarine-cable carrier system, and shows
the d.c. path through which current due to differences in carth
potential can flow, together with arrangements for blocking
the current or measuring it as required.

A typical recording of the current flowing in a cable centre
conductor, showing the effects due to the tidal flow, is given
in Fig. 2.

It is of intercst to note that the clectric currents flewing in
some parts of the sea duc to the movements of water arc
sufficient to causc local variations in the total magnetic ficld
which could be significant for some purposcs;’ this also is an
effect that was anticipated by Michacl Faraday.®

Measurement of the Rate of Flow of Water

The phenomenon discussed above has been used as a
mcans of continuously measuring the mecan rate of flow of
sca water.

Following the disastrous floods of 1952 on thec south-cast
coast and in the Thames estuary. the National Institute of
Occanography intensificd their study of the cffect of wind on
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A—Blocking capacitor . A
1B—Switch to connect curreat-neasuring device

Fic. I—Arrangement of audio-frequency equipment associated
with unrepeatered submarinc-cable carrier system

tidal flow, and for this purpose they were given facilities for
recording induced voltages, duc to the movement of water,
first on a cable from St. Margarets to Sangatte and, later, on
other cables across the North Sea and the Trish Sca.” Tt is
of intcrest to note that although photographic recording
cquipment was uscd initially, cxperience showed that the
standard British Post Office recording milliammcter (Dccibel-
meter No. 14) would give quite satisfactory results.

CHANGES IN THE EARTH’'S MAGNETIC FIELD

When changes occur in the direction or magnitude of the
carth’s magnctic field, c.m.f.s will be induced in all conductors
which it cuts, including all cables and the material of the
earth’s surface, e.g. the sca.

Although for many purposcs the carth’s magnctic ficld is
considered to be constant or to change only very slowly and
regularly with time, there arc almost continuous variations
in its magnitude or dircction, the largest of which may have
iinportant cffects on submarine cables.
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The scale shows the approximate p.d. required between the ends of the cable to

produce the currcnt

Except during the lirst few hours there arc also superimposcd the eftects of minor
magnctic disturbances which occur very frcquently

Fi16. 2—Recording of current flowing in Port Kail-Donaghadec
subinarine-cable centre conductor, showing one cyclc of the effect
of tidal flow
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Direct-current telegraph circuits, both in land and sub-
marinc cables, and d.c. signalling on tclephonc circuits® arc
occasionally affected by magnetic disturbances, but on
submergcd-repeater systems the signal path is not affected
provided that the equipment supplying power to the sub-
merger repeaters can adequately compensatc for the addi-
tional voltages which appear.

It is of paramount importancc that transoceanic systems
should not be rendcred unworkable by great magnetic
storms, since it is during such storms that h.f, radio links and
telegraph cables are likcly to be unworkable.

Although there has bcen a great increase in the study of
magnctic variations of recent years, particularly in the polar
rcgions, in the upper atmospherc and in outer space, their
pattern is still neither fully known nor understood. However,
those features which aflect submerged-repeater systems are
described below, and thc allowances that should be made
in system designs so that their performances are unaffected
arc suggested.

MAGNETIC STORMS

Thc most intense disturbances in the earth’s field are called
magnetic storims. These are world-widc phenomena, aftecting
both hemispheres and sprcading within a few minutes over
the whole earth. The dcgrece of disturbance which is classified
as a storm varics with geomagnctic latitude (latitude with
respect to the earth’s magnctic poles), but in southern England
a change greater than 1:5 x 10~ 3 gauss is classed as a storm
(about % per cent change), whilc a change greater than
3 x 1073 gauss (1 per cent change) is a great storm. The
records of the Grecenwich and Abinger (now Hartland)
magnetic obscrvatories over a period of 80 ycars show 697
small storms and 112 great storms. Of the great storms, not
all are severe enough to affect submerged-recpeater systcms.
It will be seen, thercfore, that the collection of data on their
cifects takes a considerable time. It is now 11 years since the
eifects on submerged-rcpcater systems were first noticed, and
since then there have only been major disturbances on thiee
occasions totalling about 30 minutes.

In general, the greatest disturbances follow the emission
of a flare from a largc sun-spot near the centre of the sun’s
disk. When such a spot emits a flare, a considerable increase

§H (10736AUSS)

in the intensity of certain types of solar radiation may be
recorded almost immediately on thc carth, and 1 to 4 days
later there may be a scverc magnctic storm. 1t is considered
that such flares emit streams of charged particles travelling at
between 1,000 and 300 miles/sccond, and that any parts of
such streams which coinc within thc carth’s influence are
guided along the lines of the earth’s magnetic field towards
the inagnetic polar regions. Hcerc they causc changes in the
intensc clectric-current systcms which normally flow in the
ionosphere about 50 miles above the earth’s surfacc, thereby
changing the earth’s ficld and inducing currcnts of thousands
of amperes in the carth’s crust, The arrival of these particles
in the ionosphcre also affects its power to reflect and rcfract
radio waves, and produccs thc luminous clectric discharge
known as thc aurora (aurora borealis or northern lights in
the northern hemisphere, aurora australis in the southcrn
hemisphere).

Most magnetic storms have the following pattern. A
sudden change in the intensity of the carth’s field occurs
within a few scconds over the whole earth, followed by a few
hours of minor disturbance. Several hours after the suddcn
commencement the most violent phase of the storm occurs,
during which the intensity of the field may change rapidly
both above and below its normal value; this intcnse phase
may last several hours. Ncither the dctailed variations nor
the periods of maximum disturbance arc simultancous over
the whole earth. The intense phase is followed by a long
period of moderate disturbanccs, during which the earth’s
field gradually rcstores to normal; this may last sevcral days.

The main fcatures of the distribution of the grcat storms
are as follows.

(/) Their frequency of occurrencc follows the 1l-year
sun-spot cycle to a large cxtent, although the greatest storms
do not necessarily occur in the sun-spot maxima years. Fig. 3
gives the mean daily sun-spot numbecrs for the years 1954—-
1967 and thc dates and comparative magnitudc of magnetic
storms of outstanding intensity.

(ii) Their change in magnitude with geomagnetic latitude
is similar to that for other magnetic disturbances, bcing
greatest at about 67° North and South geomagnetic latitude
and falling ofl' very rapidly toward the equator and less
rapidly towards the pole, in the manner shown in Fig. 4. Thc
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The right-hand scale and horizontal lines give the 3-monthly average of daily

Zirich sun-spot numbers.

The left-hand scale and vertical lines show the dates and magnitudes of magnctic
storms during which thc change in horizontal intensity of the earth’s magnetic
field (3H) as measured at Abinger (Surrcy) or Hartland (Devon) exceeded

x 10~4 gauss. Storms whose eftects on submarinc cables are recorded in Table 2

are marked thus:¥

F1G. 3—Sun-spot numbers and eutstanding nagnetic storms,
1954-1967
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FiG. 4-—Relationship of intensity of magnetic disturbance and
geomagnetic latitude

frequency of observation of the aurora is also closely related
to geomagnetic latitude, the regions around 67° North and
South gcomagnctic latitude being known as the auroral zones.

(77/) The change in magnitude with longitude is rclated to
the time of day. During a great storin the most violent
disturbances occur in the midnight to early morning part of
the auroral zone.

(iv) There is some evidence that the current system which
causes the disturbances moves from west to cast at a velocity
of about 100 kin/s.?

(¥) The component of the field that suffers the greatest
change is the horizontal component along the magnctic
meridian.

Effects on Land and Submarine Cables

The main effect on cables is due to the very large induced
currents flowing in the earth’s outer layers, a proportion of
which will flow in any cables that are in any way earthed at
both ends, since there will be a potential difference between
the two earthing points. 1t may be that in some instances the
voltages induced directly into the loop formed by the cable
and the earth-return path will also be appreciable, e.g. when
the cable route and earthing points are such that the loop has
a large area, but direct measurements of voltages occurring
due to minor magnetic disturbances indicate that they are
usually small (less that % of those due to the first effect).

Both land and submarinc cables are affected. In Sweden,
lying in or near the auroral zone, the effect on land cables
is considerable, being adjudged a potential fire hazard.!®

On short submarine telephone cables without repeaters the
effects are not important, being mostly of the same order of
magnitude as those due to tidal effects. Fig. 2 shows, in
addition to the tidal effect, the effect of a minor disturbance
of a magnitude which occurs very frequently, while Fig. S
shows a major disturbance on the same cable.

Effects on Submerged-Repeater Systems

Submerged repeaters are energized by direct current sup-
plied from the terminal stations along the centre conductor
of the coaxial cable. The complete loop circuit consists of
the power equipment at one terminal, the cable centre con-
ductor with the repeaters in series with it, the equipment at
the other terminal (which may include power equipment if
the system is double-end fed), a connexion to earth, and a
return path through the earth and sea to an earth connexion
at the first station. Power equipment for submerged repeaters
always has an approximately constant-current output
characteristic so that, provided the capabilities of the equip-
ment are not exceeded, any extraneous voltages which appear
in the power loop will cause changes in the output voltage of
the equipment. These additional voltages have to be allowed
for in determining the maximum output voltage required
from the power equipment, and the speed of regulation has
to be sufficient to counteract the changes in the extraneous
voltages. In many instances both the voltage and current
outputs of the power equipment are continuously recorded,
so giving, inadvertently, a record of the effects of magnetic
storms. Provided the current remains constant, the change in
output voltage is equal and opposite in polarity to the
extraneous voltage.

The voltages which appear in this power loop during
magnetic storms are, again, mainly the result of the differences
in potential between the two earthing points due to the mag-
netic-storm currents flowing in the earth’s crust, but it may
be that, under certain conditions, significant voltages are
induced into the loop directly.

Fig. 6 shows the changes in power-feeding voltage at Oban
on the Oban-Clarenville No. 2 cable during the magnetic
storm of 11 February 1958. It will be seen that the magnetic-
storm voltages change quite slowly, taking times of the order
of a minute to build up to their maximum value and maintain-
ing a given polarity for several minutes at a time. There are
also components of higher frequency, of the order of 1 Hz,
but these are of smaller amplitude.

The first occasion on which a submerged-rcpcater power-
feeding circuit was noticeably disturbed was on 21 January
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Shows the effect of a larger magnetic distugbance (9 October 1962) completcly
obscuring the tidal cffcct shown in Fig. 2. Since there is no cntry for 9 @ctober
1962 in Table 2, the disturbance was not severe enough to aftfect submerged-

repeater systems

The scale shows the approximate p.d. required between the ends of the cable to

produce the curcent

Fi1G. 5—Rccording of current flowing in a Port Kail-Donaghadce
submarine cable
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cat storm of 11 February 1958, the most
. The voltage due to the storm is shown on

the chart, about 1,000 volts maximum, plus a similar though greater change in
the output of the Clarenville equipment, making a total of 2,700 volts, as shown

in Table 2

F16. 6—Output voltage of the power-fceding equipment at Oban
on the Oban-Clarenville No. 2 cable

1957. Details of this and subsequent disturbances arc given
in Table 2. The table is thought to be complete in respect of
systems terminating in the United Kingdom, but there may
be significant omissions as regards other systems.

TABLE 2

Magnetic-Storm Voltages Recorded on Submerged
Repeater Systems

) Maximum

Date (GTW%.) Cable Affected R\zgg?g’:d
(Volts)

21.1.57 22.00 Abcrdeen-Bergen . . . | over 100

Clarenville- Sydney Mines 450

Oban-Clarenville . . 200

30.6.57 23.00 Aberdeen-Bergen . . .. 50

3.8.57 Abcrdcen-Bergen . . .. | over 100

4.9.57 Abcrdcen—Bergen . . .. | over 100

23.9.57 Aberdeen-Bergen . . .. 1 over 100

11.2.58 02.00 Aberdeen-Bergen . . 130

Clarenville ~Sydney Mines 145

Oban-Clarenville . . . 2,700

6.10.60 Middlesbrough— Gotebmg over 100

12.11.60 Middlesbrough-Goteborg over 100

13.11.60 10.00 Aberdeen-Bergen . . . | over 100

Clarenville-Sydncy Mmes 500

Middlesbrough-Goteborg 600

Oban-Clarcnville .. . 550

16.11.60 Middlesbrough— Goteborg over 100

1.10.61 Middlesbrough-Goteborg over 100

23.9.63 Middlesbrough-Gotcborg over 100

3.9.66 Middlesbrough-Goteborg over 100

4.9.66 Middlesbrough-Goteborg over 100

25.5.67 Middlesbrough--Goteborg over 100

In the past, lacking any more precise information, a maxi-
mum induced voltage of 1 volt/nautical mile has been allowed
for in determining the maximum power-feeding voltage
required. It is believed, however, that this is in some instances
excessive and in others barely adequate. Of recent years, being
near a sun-spot minimum period, there have been no major
storms and, therefore, no opportunity of collecting more
data, but during the sun-spot maximum period around 1969
there will, no doubt, be several major storms and many more
cables than ever before to be affected.

It is considered that there is at present insufficient data to
enable the maximum voltage likely to appcar on any cable to
be estimated, but, nevertheless, it is useful to summarize
present thoughts on the matter in the expectation that when
more data become available a method of estimation may be
evolved and a better knowledge of the factors determining
this voltage obtained.

The voltage between the two earthing points caused by
the currents already flowing in the earth has been considered
by A. Karsberg,!? and for land cables it is concluded that the
maximum voltage is proportional to:

(a) the distance between the two earthing points,

(b) the resistivity of the earth between the two earthing
points,

(¢) an intensity factor determined by the geomagnetic
latitude and obtained from the curve in Fig. 4, and

(d) the cosine of the angle between the line joining the two
earthing points and the direction of current flow, which is
most likely to be along the gcomagnetic latitude.

For short submarine cables it would appear that these
factors also apply. Factors («), (¢) and () arc clearly relevant,
although it has not been possible to show direct propor-
tionality. The effect of depth of water on (b) is not known.

For long submarine cables it is doubtful whether the same
considerations apply, since, as the worst disturbances are not
simultaneous over the whole earth, it would not be expected
that the whole area between the earthing points would carry
maximum currents simultaneously. Furthermore, over long
distances the fact that the currents are flowing in or on a
sphere rather than a plane may be relevant. If the worst
disturbances are at any one time localized to areas about 1,000
miles across, the worst aftected 1,000 miles of cable should
perhaps be considered and the rest neglected.

Any voltage which may be induced directly into the loop
formed by the cable and the earth-return path will be pro-
portional to the rate of change of the earth’s field and to the
area of the loop normal to the change in field, and will be
influenced by the screening effect of water and earth. Attempts
to compare the voltages induced into a loop of cable with
those appearing between the ends of cables during minor
magnetic disturbances have shown the former to be of no
great significance. Nevertheless, it is felt that the extremely
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high voltages measured on the Sydney Mines—Clarenvillc
cables may be influenced by the fact that there is a long land
section of 55 miles and that the carthing point in Newfound-
land is in the Atlantic although thc cablc crosses the island
before entering the water in the Gulf of St. Lawrence.

From a consideration of the above factors it is thought
that all cables in thc world may tentatively be divided into
three categorics.

() Those on which voltages in excess of 1 volt/nautical mile
might be expected very occasionally.

(if) Those on which appreciable voltages might be expected,
but never in cxcess of 1 volt/nautical milc.

(iii) Those on which the magnctic-storm voltages arc not
likely to be appreciably greater than thosc allowed for in the
power-feeding equipment for other rcasons, c.g. tcmpcraturc
changes, repair allowances, current changes.

In category (i) are those cables in latitudes higher than 55°
geomagnctic which run more or less parallel to the geo-
magnctic latitude. Included are all cables crossing the North
Atlantic and the North Sea, north of the TAT-2 and United
Kingdoni-Denmark cables, respectively, except thc Gairloch—-
Torshavn (SCOTICE) cable which is almost at right angles
to the magnctic latitude.

In category (ii) arc thc remainder of the cables crossing the
North Atlantic, the U.S.A.-Bermuda cablc, and the Gairloch—
Torshavn cable.

All other cables are in category (ii/), though thc Sydncy—
Auckland cablec might be included in category (ii). All projected
cables around South America, and in thc South Atlantic and
the Indian Ocean, would also fall in category (iii).

Fig. 7 is a map of the world showing gcomagnetic latitudes
80°. 67°, 55° and 45°, and the geomagnctic equator.

A Use for Magnetic Variations

As with voltages duc to tidal flow, it is intcresting to note
that currents in cables caused by changes in the carth’s field
have also been uscd for mecasurements not connccted with
communications.

The Geology Department of the University of Liverpool
has been given facilities at certain repeater stations for making
simultancous measurements of magnetic disturbances and
the currents which they produce, as a means of determining
the resistivity of the rock at different depths below the sea bed.
The natural disturbances cause currents having components
over a range of frequencies, all sub-audio, different compo-
nents penctrating to different depths in the sea bed and,
therefore, cncountering diflerent resistivities.

MAN-MADE DISTURBANCE OF THE EARTH'S
MAGNETIC FIELD

In 1962, when thc U.S.A. wcre planning to detonate
nuclear bombs at high altitudes, it was anticipated that there
would be some world-wide effect on the earth’s magnetic
field, and some authorities were predicting changes of a
magnitude which would have caused voltages sufficient to
endanger the repeaters in many submarinc cables.!! If it had
bcen considered nccessary it would have been possible to
disconncct the power-feeding circuits of all systems to prevent
excessive currents passing through the repeaters. This was not
done, but particular attention was paid to the continuous
recordings of power-feeding voltages.

The only detonation dctected was that at approximately
09.00 G.M.T. on 10 July 1962 when an atom bomb, with a
power of the order of one megaton, was exploded at a height
of about 200 miles. The disturbance was just detectable on
the powcr-fceding voltage and current recorder charts on the
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(a) Chart Trace of Effect on Circuit set up to Measure Effects of Tidal Flow
06 - produced in Fig. 8 («). The voltage appearing in the loop was
08 ] approximately 0-55 volts, first in one direction and then the
other. The cable is 22 nautical miles long and the disturbance
0-4 voltage was, therefore, 0-25 volts/nautical mile: such voltages
05 - are frequently produced by natural disturbances. In Fig. 8(6)
A an attempt has been made to sketch the detail of the
+ 02 ] occurrence from careful examination of the recorder-chart
0l — trace.
VeLTs © [Uv\’\/\,\ - .Magnetic obscrva.tories throughqut the world recorded
s this disturbance, which had a magnitude of about 2 x 10—*
ol \ — gauss and a rate of change exceeding 103 gauss/second.
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Fic. 8—Effect of atom-bomb detonation on centre-conductor
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Books Received

“Radar System Engineering.”” Edited by L. N. Ridenour.
Constable and Company, Ltd. xviii - 748 pp. 446 ill.
24s,

“Radar Aids to Navigation.” Edited by J. S. Hall. Constable
and Company, Ltd. xiii + 389 pp. 192 ill. 22s.

The above two books were originally published by McGraw-
Hill Book Co., Inc., in the Massachusetts Institute of Tech-
nology Radiation Laboratory Series as Volume 1 (1947) and
Volume 2 (1947), respectively. By the co-operation of
McGraw-Hill with Dover Publications, Inc., the books,
unabridged and unaltered, have now been reproduced in
Dover paperback editions on a paper which, the publishers
claim, gives minimum show-through and will not discolour
or become brittle with age; the pages are sewn in signatures,
and the books may be opened flat without fear of pages
dropping out.

When “Radar System Engineering” was published in 1947
it was intended to serve as a general treatise and reference

book on thc design of radar systems. As the editor points
out in his preface, thousands of times as much work had
gone into pulse radar as into any other kind, and the over-
whelming majority of this work had been concerned with
microwave pulse radar; thus, the book deals primarily with
microwave pulse radar. Eight chapters provide an intro-
duction to radar and the problems of system design. Then
follow six chapters dealing with design considerations of the
major components of a radar set. Chapter 15 gives two fairly
detailed examples of actual system design, and the closing
two chapters deal with, respectively, moving-target indication
and the transmission of radar displays to a remote indicator
by radio.

The preface to “Radar Aids to Navigation” indicates that
the book isintended primarily to describe the advantages and
limitations of radar equipment when applied to problems of
navigation and pilotage, whether the equipment is airborne,
shipborne or ground-based; radar bcacons as aids to navi-
gation are also discussed. It should be pointed out that the
editor, when writing the preface in 1946, says that, in this
book, the emphasis is placed more on what can now be done
with radar than on what should be possible in the future.
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Installation Plans for Pulse-Code-Modulation
Systems up to December 1969

U.D.C. 621.376.56(083.9)

The plans for the introduction of p.c.m. systems into the British Post Office telephone network up to
December 1969 are described in this article. The information is mainly in the form of detailed maps,

distribution histograms and tables.

Earlicr issues!> 2 of this Journal have described the 24-circuit
pulse-code-modulation (p.c.m.) system; by Decemnber 1969,
920 of these systems will have been installed in thc British
Post Office telephone network and will be carrying traffic.
Fig. 1 shows thc systems which will terminate in Central
London, the numbers indicating the number of systems on
each route. Fig. 2 and 3 show the systems to be provided in
England and Wales, and in Scotland and Northern Ireland,
respcctively. Table 1 lists the planned provision for each
Recgion; it should be noted that the numbers marked with
asterisks include five intcr-Regional systeins.

The picture presented is not yet sufficiently advanced to
show the true pattern that will develop in the next 5-10 years,
and it will be seen that in somne of the inore densely populated
areas of the country rclatively few p.c.m. systems have, as yet,
been planned. More than half the systems shown are between
group switching centres (G.S.C.s), underlined in Fig. 1,2and 3,

1 Decvelopment of Pulse-Code-Modulation Systems. P.O.E.E.J.,
Vol. 59, p. 18, Apr. 1966.

2 JeyNEs, E. Planning and Works Aspects of 24-Circuit Pulse-
Code-Modulation Systems. P.O.E.E.J., Vol. 60, p. 33, Apr. 1967.
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TABLE 1

Summary of P.C.M. Systems Planned by Regions
Installation method Contract Direct labour | Direct labour | Direct labour
Ready-for-service date June 1968 Dccember 1968 June 1969 Dccember 1969 Totals
Eastern Region — 4 11 31 46
London Telccommunications Region . . 72 157 — 80 309
Midland Region .. 10 — ' 8 33 sl
North Eastern Region 4 77 B 39 133
Northern Ireland — 14 13 17 44
North Western Region .. 6 29* 32 — 67*
Scotland 3 43 59 39 144
South Eastern Region — — 67 — 67
South Western Region .. 4 — 13 18 o 35
Wales and Border Countics .. .. 2 18* 9 — 29_* o
Totals 101 337 225 257 920




TABLE 2
Types of Exchanges Served by Planned P.C.M. Systems

Exchangc typc .. G.S.C. D. N.D. S.A.X. U.A.X.14 | U A.X.13 TXE2 Totals
Number of exchanges . . 141 3 65 4 8 9 1 231
Number of p.c.m. systems from .
G.S.C.s toexchange shown. . 583 29 258 4 28 13 3 918
Number of p.c.m. systcms fron;
N.D. to N.D. cxchanges — — 2 —_ — — — p
120
"ns
1ol 2
100 o %
Z
7z
90| s/
ZI- 7.
8ol 77 ?
vl
70| 7
NUMBER ;é %/%61/
OF P.C.M. 60| // 2907
SYSTEMS W77 7 77
sof A VA D 2
40 0 A O
Z5M%%5%%,
f7// ZZR%7
or %%2%%%%778%
TN 22
20| 2% 2097
2% 2%%
124 7 LA 7 0
1| 2% //%¢;¢/9// Y s
. 7%%%% ,/ééég Ez %) .
I3 % 7 9 1 13 IS5 17 (9 2l 25 25 2T 29 31 33 355 37 3%
2 46 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40
ROUTE LENGTH OF P.C.M. SYSTEM (MILES)
F16. 4—Distribution of planned p.c.m. systcms in {crms of routc
Icngths of the systems
80| "‘7‘3
2
s0|- '4
Z
sl 7
Z : .
NUMB 40 but futurc planning is expected to show that a higher pro-
o;”,,f"‘n Z portion of local exchanges will be concerned; Table 2 gives
ROUTES 3§ Z details of the various types of exchanges served by these
3l systeins.
50
30 ;2297— At present, the use of p.c.m. is considered to be more
sk %% 2 cconomic than the use of audio cables (10 1b/mile P.C.Q.T.)
?é at distances above about 9-14 miles, depending on growth
20k Z zZ7ZN rates; however, these distances are expected to be reduced in
% 2 the future. The distribution of the planned p.c.m. systems in
5| ¢/ % terms of routec length is shown in Fig. 4, and Fig. 5 shows the
/%%ﬁ/ distribution of routes with respect to the number of p.c.m.
10r ,4%&%['!70‘ 8 systems per route. The average length of systems by December
2% %?//’s 6P 6 1969 will be 16 miles. It will be seen that the number of
ir é %/fg . systems on a route is small, and the maxiinum number of
0 /‘é %22 4 1Pl %% o digital-link scctions* planned so far in any one cable is
I3 5 7T 90 0 13 15 17 19 21 only 40—for the size of cable used, this is well within the
2 4 6 8 10 12 14 16 18 20 maximum number permitted by the present planning rules.

NUMBER OF SYSTEMS ON A P.C.M. ROUTE
(BUILDING - BUILDING)

F1G. 5—Distribution of planned routes with respect to the number
of p.c.m. systems per route

M. D. C. and J. F. G.

* A digital-link section consists of transmit and receive line
terminals Jinked by a unidirectional transmission path.
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Television Links to the Channel Islands
for the Independent Television Authority

N. A. ELKINS, c.enG., M.LEE.T

U.D.C. 621.397.743(423.4)

The distance of the Channel Islands from the English coast precludes the use of the usual methods of
providing television links, and, because of the relatively small population served, the provision of a suitable
submarine cable would be uneconomic. The islands are too close to the French coast to permit a
tropospheric-scatter propagation link to be used, and the only practicable system is to relay signals
radiated by broadcasting transmitters in England.

INTRODUCTION

The Channel Islands arc situated some 16 miles from the
coast of France and 60 miles from the south coast of England
at the nearest points. They have a total population of about
100,000.

The Independent Television Authority (I.T.A.) operates a
television transmitting station at Fremont Point on the
island of Jersey, and a separate program contractor, Channel
Television, has been appointed by the I.T.A. for the Channel
Islands. The islands form the smallest of the I.T.A. areas,
and have, for examnple, well under 1 per cent of the population
of the Authority’s London area. A unidirectional television
link with the mainland is necessary in order to allow the
program company access to the main Independent Television
network, but, because only a small population is served, it is
desirable that the cost of the link should be small.

Main inland television links are usually provided by means
of line-of-sight microwave radio-relay systems. Links of this
type can be provided economically and will give a good per-
formance where the maximuin spacing between stations does
not exceed some 40 1niles. The shortest distance to the Channel
Islands is considerably greater than this, however, and
extremely high aerials would be needed to give a line-of-sight
path. The cost of the aerial-supporting structures alone would
be suflicient to make a microwave link uneconomic in these
circumstances. Other factors, including the high incidence of
fading expected on long oversea paths, combine with the high
cost to make a microwave link unacceptable.

Another possible means for the transmission of television
signals over a 60-mile sea-path would be a suitable submarine
cable, but again the cost would be prohibitively high in rela-
tion to the size of the population served. A radio link using
tropospheric-scatter propagation would also be expensive,
and, because the islands are close to the coast of France, it
would not be possible to prevent an excessive proportion of
the transmitted energy from reaching French territory, where
it would be liable to cause interference.

The remaining possibility is the reception in the Channel
Islands of television signals radiated by broadcasting trans-
mitters in England, and this solution has been adopted. A
receiving station has been set up on Alderney, the most
northerly island of the group, and the nearest to the English
coast, from wherc the signals are relayed to Jersey by means
of a microwave radio-link. Fig. 1 shows a diagram of the
complete system.

1 Systems Performance and Maintenance Branch, Service and Sales
Department, Telecommunications Headquarters.

48

CHARACTERISTICS OF CHOSEN LINKS
Transmitters

Three I.T.A. transmitters offer some possibility of reliable
reception on Alderney: they are at Chillerton Down on the
Isle of Wight, Stockland Hill near Axminster, Devon, and
Caradon Hill near Launceston, Cornwall. Particulars of
these transmitters are given in Table 1.

TABLE 1
L.T.A. Transmitters
. Stockland Caradon | Chillerton
Transmitter Hill . Hill Down
Channel 9o | 12 11
Effective radiatcd power of
vision transmitters in the
direction of the Channel
Islands (in kW) .. .. 20 20 2-7
Distance from Alderney (in ‘
miles) .. .. .. 88 " 119 77
Mean aerial height above sea
level (in feet) .. 1,475 1,936 1,250
Polarization .. Vertical Vertical Vertical
Program contractor . . Westward | Westward | Southern
Teclevision | Television Inde-
pendent
Television

All three transmitters are subject to a limitation of the
effective radiated power (e.r.p.) in the direction of the Channel
Islands, in order to reduce interference with French services.
The e.r.p. of the Stockland Hill transmitter is 20 kW over a
narrow angle in the direction of Alderney, specifically to
provide an increased field strength in Alderney for the
Channel Islands link. It was originally intended that the e.r.p.
in this direction should be 50 kW, but this was reduced to
20 kW in order to avoid interference with transmissions from
a French station at Bourges.

Received Signals

The measured median value of the field strength at the
Alderney receiving site of the signal from Stockland Hill is
--51 dB relative to 1 x«V/m, and for 98 per cent of tiine the
field strength lies in the range +12dB to —5 dB relative to



the median value. The measured median value of the field
strength from thc Chillerton Down transmitter is +49 dB
relative to 1 wV/m, and for 98 per cent of time this signal
lies in the range -}-16 dB to —8 dB relative to thc median
value. Thus, the signal froimn Chillerton Down has a some-
what lower median levcl than that from Stockland Hill, and
is also subject to a greater fading range.

For 1 per cent of time the received-signal level is below the
lower limit quoted, and for a smaller proportion of timc the

LOW NOISE
AMPLIFIERS

VISION RECEIVER

MICROWAVE -LINK TRANSMIT

Considerable ignition-type interferencc was experienced
when the receivers on Alderney were first put into operation,
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F16. 1—Tclevision links to the Channcl Islands

level is low enough for the noise level to be obtrusive, or
even so severe as to render the signal unusable. During thc
rcmaining 1 per cent of timc abnormally-high signal levels
are received. High signal levels arc not normally a causc of
unsatisfactory signals, but occasionally thcy are accompanicd
by multi-path propagation, thc cffects of which may, in severe
cases, render a signal unusable. A picturc marred by multi-
path propagation may show several imagcs, possibly of
similar brightness, latcrally displaced from one another.

The median field strength of the signal from the Caradon
Hill transmittcr is considerably lower than that from the
other transmitters, and the received signal is unusable for
most of the time. Howevcr, when the conditions of propaga-
tion are such that extrcinely high-level signals, marred by
multi-path propagation, are received from Stockland Hill, it
somnetimes happens that an acceptable signal is provided by
thc Caradon Hill transmitter.

Interference

Becausc thc lcvel of the signals received at Alderney is
rather Jow the link is more than usually susceptible to the
effects of interference. Two types of intcrfering signal are
most common: ‘‘ignition-type” interference, caused mainly
by petrol-engine ignition systems, and co-channel interfcrence
from other telcvision transmittcrs.

from an 11 kV overhead powecr-distribution line which passes
in front of thc receiving aerials at a distance of about
200 yards. The line is exposed on the scaward side, and salt
deposits accumulate on the insulators so that under certain
weather conditions flashovcrs occur. The dcposits can bc
rcmoved by washing, but in some types of weather they can
return in a few hours.

Co-channel interfcrence may be caused by any of a large
numbcr of television transmitters in France, the United
Kingdom and Eirc, especially when radio-propagation con-
ditions favour the long-distance transmission of v.h.f. signals.
The map (Fig. 2) shows the locations of the wantcd stations
and of some of the potential sourccs of interferencc. Par-
ticulars of thc stations shown on thc map arc given in
Table 2. The ‘“protection ratio” referred to in this tablc is
the separation required between the levels of thc wanted and
unwanted signals in order that thc picture may be of accept-
able quality.

The transmitter at Fremont Point, Jersey, is potentially the
most important sourcc of interfercnce affecting the signals
reccived on Channel 9 from Stockland Hill. In order to
reduce thc level of thc interfcrence, the e.r.p. of the Fremont
Point transmittcr in the dircction of Alderney has been
reduced to the lowest practicable figure. Unfortunatcly, this
has placed thc island outside the service area of the trans-
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mitter, and has left it without a reliable source of television
signals. In spite of the reduction of e.r.p., however, the field
produced in Alderney is still large enough to produce an
objectionable amount of intcrference, but this has been
reduced to a completely acceptable level by the use of aerials
giving considerable rejection in the direction of the unwanted
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carrier frequency of Channel F11 lics within the bandwidth
of the British Channel 11 at a frequency corresponding to a
modulating frequency of 1 -3 MHz. Easily-noticed interference
patterns may be produced by signals of this frequency, so
that, as Table 2 shows, a high protection ratio is required.
Intcerference with the British Channel 11 from the French

BIWINTER HILL

MENDLESHAM
.

LONDON

s
MEMBURY

[m]
CROYDON

CHILLERTOH DOWH
AM:ENS“BOUVIGNY

PARLS

[J Channel 9
® Channel 11
A Channel 12

The stations shown transmit on, or co-channel with, the channels indicated by the key symbols

F1G. 2—Locations of wanted stations and potential interference sources

signal. In addition, these aerials are sited on the north-facing
slope of a hill, below the crest, in order to take advantage of
the screening provided by the hill.

The other potential sources of co-channel interference with
the Stockland Hill signal are effective only infrequently, when
conditions favouring long-distance propagation exist over the
path concerned. Identification of the source of co-channel
interference of a transitory kind is seldom possible, but there
have been a few occasions when the test card of the Winter
Hill transmitter has been clearly seen at Alderney.

Most of the co-channel interference that is experienced on
the signal from Chillerton Down arises from French stations
operating on the French Channels F11 and F12. The vision
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Channel F12 arises from the upper part of the vision sideband,
where the energy level is normally low, and possibly also
from the sound carrier, the frequency of which lies just
outside the pass-band of a Channel 11 vision receiver. Only
a relatively-low protection ratio is required in this case.
Most of the interference experienced from the French
Channel F11 is believed to originate from the transmitter at
Amicns. The receiving aerials for the signal from Chillerton
Down are adjusted to have minimum gain in the direction
of Amiens, but it is also necessary to introduce a band-stop
filter into one of the receivers in order to provide additional
suppression at the unwanted carricr frequency on occasions
when the level of the interfering signal is abnormally high.



The wavceform response of the recciver is considerably
degraded by the introduction of the filter, but the effect on
picture quality is considered to be less objectionable than that
of the interfering signal.

TABLE 2
Principal Sources of Co-Channel Interference
E.R.P.in
in Distance Protection
Station Direction from Polariza- Ratio
[o) Aldcrney tion Required
Aldcrney (milcs) (dB)
(kW)

Stations Affecting Channel 9
Fremont Point .. 0-1 32 Horizontal 35
Croydon & 50 150 Vertical 35
Winter Hill s 100 265 Vertical 35
Kilkenny - 50 293 Vertical 22
Stations Affecting Channel 11
Cherbourg o 4 27 Horizontal 12
Vannes .. .. 10 146 Horizontal 12
Lc Mans .. 50 160 Vertical 22
Amiens-Bouvigny 100 214 Vertical 39
Mendlecsham .. 40 228 Horizontal 25
Moel-y-Parc .. 25 244 Vertical 35
Stations Affecting Channel 12
Mecmbury 50 0-5 128 Horizontal 25
Winter Hill .. 2-5 265 Vertical 35
Dublin .. .. 50 305 Horizontal 15

The chief source of co-channel interference from Channel
F12 is the transmittcr at Cherbourg, the ficld strength of
which is considerably greatcr than that of any of the wanted
signals. Interference from this source is also controlled by
appropriate shaping of the aerial responsc.

The remaining French stations shown on the map are
situated to the rear of the Channel 11 acrials, and the inter-
ference from these sources is adequately suppressed by a
screen behind the aerials.

In spite of the very low signal level reccived from Caradon
Hill, no case of co-channel interference with this signal has so
far been recorded.

LINK EQUIPMENT

Five independent reccivers and aerial systems are provided,
giving duplicate facilities on the two main signal-sources of
Stockland Hill and Chillerton Down, and a single rcceiver
for the Caradon Hill signal. Three independent unidirectional
microwave channcls arc provided betwecen Alderney and
Jersey, and the interconnexions between the five receiver out-
puts and the inputs to the thrce microwave channels are made
by means of remotely-controlled coaxial switchcs.

Aerials

Each of the two aerials used on Channel 9 consists of a
parabolic reflector, 30 ft in diameter, with a 4-clcment yagi
array as the source. The acrials are sited on thc slopc of a
hill, and one is placed 40ft above the other in order that the
benefits of hcight deversity may be obtained. A photograph
of one of the aerials is shown in Fig. 3. The gain of these
aerials is 20 dB relative to a half-wave dipole, and the front-
to-back ratio, i.c. the ratio of thc gains of the aerial in the
two directions of the major axis, is 27 dB. The upper acrial
is at a height of 260 ft above mean sca-level.

Each of the two aerials used for reccption of Channel 11
signals consists of an array of eight yagi aerials, each yagi
comprising eight clements. The spacing of the yagis is arranged
to give minimum response at angles of 73° and 45° from the

axis, and the array is backed by a scrcen which shields the
aerial from signals arriving from the rear. Each array has a
gain of 18 dB rclative to a half-wave dipole. The gain in the
directions 45° and 73° from the axis is 38 dB less than the
maximum gain, while in directions to the rcar of the acrial
the gain is at least 50 dB Jess than thc maximum. A photo-
graph of onc of the aerials is shown in Fig. 4.

An inverted-V aerial is used for the reception of Channel 12
signals. It is madc up of 12 parallel wires, and has a gain of
20 dB relative to a half-wave dipole. This typc of aerial was
choscn in order to reclicve the tower of the additional loading
which would have been imposed by a further array of yagi
aerials.

Low-Noise Amplifiers

In every instancc thc aerial feeders arc long enough to
introduce appreciable loss of signal. To prevent the deteriora-
tion of noise performance, which would otherwisc occur duc
to the fceder loss, a low-noise amplifier having more than
sufficient gain to offset the loss is fitted closc to the aerial
terminals. Becausc the cable connccting the acrial to thc
amplifier is short the input circuit of thc amplificr may be
adjusted to give optimwmn noise performance, with little
regard to any mistcrmination that may result, sincc the short-
dclay cchocs so gencrated have a negligible eifect on the
wavcform performance. The output impedance, on the other
hand, must be matched to the feeder-cable impedance in
order to suppress reflections which would otherwisc give rise
to long-delaycd cchoces. The amplificrs have a gain of 20 dB
and an effective noisc factor of 3 to 4 dB. Each amplifier
makes usc of two low-noise transistors, for which the d.c.
power is fed along the coaxial cable carrying the radio-
frequency signals.

The extremes of temperature to which equipment mounted
on masts is subject arc reduced by enclosing each amplifier
in a thermally-insulated container having a thermal timc-
constant that is long enough to show an appreciable reduction
in the diurnal temperaturc variation of thc amplifier. As the

Fi1G. 3—Onc of the Channecl 9 aerials
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power dissipation of each amplifier is only a few milliwatts,
a small thermostatically-controlled heater is fitted inside the
container so that low temperatures, which might lead to
condensation of moisture, are avoided.

Receivers

The receivers used are modified versions of the standard
vision receiver for direct pick-up links (Radio Receiver,
No. 25AD).

On the standard receiver the automatic gain control (a.g.c.)
system is effective over a range of input signal-levels of
40 dB. Thisrangeis insufficient for the conditions encountered
on Alderney, and it has been extended to 60 dB by the use of
delayed a.g.c. on early stages of the receiver that were pre-
viously not controlled. By this means the overload point of
the receiver is increased by some 20 dB, and distortion of the
very high-level signals occasionally received at Alderney is
largely prevented.

The phetograph shows the aerial temporarily mounted for test purposes
F1G. 4—-One of the Channel 11 aerial arrays

On inland links where direct pick-up receivers have been
used to provide vision signals the accompanying sound signal
has usually been transmitted over a conventional program
circuit. This method is rather costly for the Channel Islands
link, and the cheaper alternative of receiving the broadcast
sound-signals has been adopted. The standard vision-receiver
is modified to allow the extraction at intermediate frequency
of a signal which is fed to a separate sound-receiver. The
sound receiver has its own independent a.g.c. system, with an
effective range of 60 dB.

The intermediate-frequency amplifiers of the vision receivers
are fitted with two sound-channel-rejection filters, one tuned

I ELkins, N. A., MiLLs, D. E., and FENsoME, L. D. W. A Receiver
for Direct Pick-Up Television Links. P.O.E.E.J., Vol. 53, p. 239,
Jan. 1961.

to suppress the co-channel sound signal, and the other the
adjacent-channel sound signal. The intermediate-frequency
amplifier in one of the Channel 11 receivers is provided with
a further narrow-band rejection filter to suppress the vision-
carrier of the French Channel F11, but this filter is brought
into use, by means of a remotely-controlled switch, only
when severe interference is experienced.

Microwave Link

The microwave radio-relay link connecting Alderney to
Jersey operates in the 2 GHz band and provides three uni-
directional broadband channels. The path length is 35 miles
and is almost entirely over water. Height diversity is provided
at the receive terminal to reduce the effects of surface reflec-
tions. The two receiving aerials are mounted on the L.T.A.’s
mast at Fremont Point, at heights of 90 ft and 180 ft, and
in each receiver a switch automatically selects the aerial
providing the better signal.

The baseband bandwidth available on each broadband
channels extends to about 8 MHz. The lower 3 MHz of this
bandwidth is occupied by the 405-line television signal, and
at a frequency of 7-5 MHz a sub-carrier is inserted which is
frequency modulated by the accompanying sound-signal.

Supervisory Link

A bothway u.h.f. radio link operates over the same path
as the microwave link. It provides a speaker circuit, a
signalling channel by means of which an alarm may be
extended from Alderney to Jersey, and control facilities which
extend to Jersey the control of the channel-selection switch
and control of the band-stop filter in one of the Channel 11
receivers.

SYSTEM PERFORMANCE

The signal received at Alderney is subject to fading and
interference for a small proportion of time, but the degrada-
tion due to these effects may not always be severe enough to
render the signal completely unusable for re-broadcasting
purposes. For this reason the description “program marred”’
has been introduced to cover those occasions when the
signal, though usable, is below the standard normally regarded
as acceptable for rebroadcasting. Program-marred time
typically amounts to less than 2 per cent of time, taken over
a period of several months. The time for which the signal is
unavailable, or is unusable for any reason, is much less, and
is under 0-1 per cent of time.

The waveform performance of the link depends on the
adjustment of the broadcasting transmitter as well as that
of the receiver, and some variation from time to time is to
be expected. Typically, however, using a pulse-and-bar test
waveform? an overall K-rating of 3 per cent is obtained,
though in making the measurement the increased half-ampli-
tude duration of the sine-squared pulse which results from
the vestigal-sideband mode of transmission is disregarded.
The line-time non-linearity of the links is measured using a
saw-tooth test waveform and is typically 7 per cent.

The signal-to-noise ratio at the receive terminal varies
considerable, according to propagation conditions. Measure-
ments of the noise level cannot readily be made during
program hours, and the available information is derived from
a single daily observation and the incidence of the program-
marred condition. The daily measurements indicate that on
the Stockland Hill link a typical ratio for the unweighted
wideband r.m.s. noise and peak-to-peak signal levels is 38 dB.
@®n the Chillerton Down link the ratio is some 6 dB to 8 dB
lower, but in this instance the noise level is raised by inter-
fering co-channel signals. The program-married classification
is applied when the signal-to-unweighted r.m.s. noise ratio

2 MacpiarmID, 1. F. Waveform Distortion in Television Links.
P.O.E.E.J., Vol. 52, pp. 108 and 188, July and Oct. 1959.



falls to 26 dB or less, but marred time arises also from causes
other than noise so that a ratio of 26 dB is exceeded for
rather more than 98 per cent of time.

On the Stockland Hill sound receivers noise levels of
—35dB to —40 dB relative to the signal level, correspond-
ing to 40 per cent modulation of the broadcasting transmitter,

are typical, while on the Chillerton Down receivers the
rclative noise levels are usually some 5 dB higher. In both
cases the total harmonic distortion of the sound signal, when
the transmitter is modulated to a depth of 80 per cent at a
frequency of 1 kHz, is normally 30 dB below the level of the
fundamental.

A Resin-Encapsulated Termination for Coaxial-Pair

Cables

C. P. SELFt

U.D.C. 621.315.212.2:621.315.687.3

The point of entry of a coaxial cable which terminates in a buried-repeater case must be sealed. The coaxial
pairs are terminated on sealing-ends, which must be capable of withstanding the pneumatic pressure within
the cable. The control pairs of the cable are brought out on a flexible cable-tail, terminated on a multi-socket
connector. The cable termination is then encapsulated in a suitable resin. This article describes the method
by which such a resin-encapsulated termination is formed.

INTRODUCTION

A coaxial cablec which terminates in a buried-repeater case
must be sealed at its point of entry. The scal is incorporatcd
in the cable termination; it takes the form of a brass gland
which is soldered to the lead cable-sheath and sealed to thc
repeatcr case by an O-ring seal.

The cable termination has to support the coaxial pairs so
that they can be terminated on sealing-ends, which form the
electrical conncxions between thc coaxial pairs and the
{lexible connecting leads from the amplificr equipment.

FiG. 1—Two resin-encapsulated terminations in a buricd-repeater
case

1 Civil and Mcchanical Engincering Branch, Telecommunications
Dcvelopment Department, Telecommunications Headquarters.

The sealing-ends must be capablc of withstanding the pneu-
matic pressures contained in the cable, the termination acting
as an air block betwecn the cable and the amplifier cquipment
so that the pressure in the cable is isolated from the equipment
and does not fall when the lid of the repeater case is opened.
Fig. 1 shows two resin-encapsulated tecrminations fitted in a
buried-repeater case.* One termination is longer than the
other to allow the connexions on the lower termination to be
morc readily accessible.

TERMINATING METHOD

The cable gland is fitted by passing it for a distance of
approximately 10 in. along the cable (see Fig. 2) and then
soldering it to the lead sheath after removal of the polythene
outer sheath. The cable end cxtends beyond the gland for
approximately 6 in., and from this section the lead sheath is
removed to cxpose the coaxial pairs and the paper-insulated
10 Ib/mile control pairs. A flange on the gland has an O-ring
seated into it so that, when thc termination is fitted into thc
case and a circular nut is tightened, the O-ring scal completely
envelopces the cable-cntry hole and securcly seals the termi-
nation into the casc. The othcr side of the flange is grooved
toforma firm key to a resin block, which will be cast over the
cable core after terminating opcerations have been completed.

Eachsealing-end consists of a centre pin, which is supported
centrally within an outer cylindrical metal casing by two small
annular blocks made of polytetrafluorethylene (PTFE), a
heat-resistant plastic. Two rubbcr washers of approximately
the same diamcter as the PTFE blocks arc sandwiched betwcen
the blocks, and, when the scaling-cnd is assembled, the blocks
are compressed, expanding the rubber washers radially so
that they grip the centre pin and thc inner wall of the metal

* CrneH, C. E. E., and Stinson, D. W. Housing of Repeatcr
Equipment Underground. P.O.E.L.J., Vol. 56, p. 158, @ct. 1963.
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casing. In this manner a hermetic seal is produced. To
terminate a coaxial pair it is cut to the required length, and
the outcr conductor and the screening tapes are removed to
allow the centre conductor to extend for }in. beyond the
tapes and } in. beyond the outer conductor. Short lengths of
PTFE tubing arc inserted between the inner and outer

Fi1G. 2—Cable tcrmination preparcd for the resin-encapsulation
operation

conductors to reinforce the polythene dielectric in the event
of it being damaged by heat during soldering. The centre
conductor is soldered to the centre pin of the sealing-end, and
the outer conductor is connccted to thc mectal casing by
soldering it to a ferrule which is associated with the sealing-
end. 1t is esscntial to solder completely round the edges of the
ferrule where it joins the body of the sealing-cnd and also
round the outer conductor, to prevent thc ingress of liquid
resin into the coaxial pair.

When all the coaxial pairs of the cable have been connected
to scaling-ends the paper-insulated control pairs arce jointed
to plastic-insulated stranded wires, which are drawn into a
short length of plastic tubing to form a flexible cable-tail, the
other end of which is terminated on a multi-socket conncctor.
Two connexions are taken from the lead cable-shcath within
the termination and are extended to the equipment wiring:
onc connexion is terminated on the multi-socket connector
with the control pairs, and the other is terminated separatcly
on a spade connexion. The joints in the control pairs, which
will eventually be contained in the resin block, are insulated
by paper jointing sleeves. At the cable butt, where the pairs
emergc from the lead sheath, the spaces in betwcen the pairs
arc tightly plugged with cotton-wool to prevent liquid resin
seeping into the cable before hardening can take place; if
this were allowed to happen the cable would be stiffcned
wherc it is required to be flexible, i.e. where it bends away
from the amplifier towards the duct-mouth, and, in addition,
voids would result in the cured resin block.

When the wiring has been completed the termination is
supported vertically for the resin-encapsulation operation.
A 6in. length of 2} in. diameter rubber tube is used to form
the mould in which the resin is cast. The mould is tightly
clamped, by mecans of a worm-drive clip, over the
flange of the cable gland. A lug, which locates the label for
indicating the details of the coaxial-cable pairs, is cast in the
resin by cutting a %in. diameter hole in the mould and
covering it with plastic tape. A tcmplatc is placed over the
top of the mould to hold the coaxial pairs and the flexible
cable-tail containing the control pairs in position. The cpoxy
resin uscd to encapsulate the cablc termination is a type
already in use in the field for constructing air-blocks in
pressurized-cable systems; it has acceptable electrical pro-
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perties and produces low exotherm.* The resin and the
hardener are mixed together in the proportions of approxi-
mately equal parts by weight, thoroughly stirred and poured
through a hole in the template to fill thc mould. The con-
ductors and joints are completely surrounded by liquid resin
up to the level of the flanges on the sealing-ends. The setting
time for the resin is dependent upon the ambient temperature,
but it is approximately 2 hours under normal conditions.
When 24 hours have elapsed the resin is set hard and the
rubber mould can be cut off. Layers of plastic tapc are
wrapped round the cable where the polythene outer sheathing
was removed and the lead sheath was soldered to the gland.
A completed termination is shown in Fig. 3.

F1G. 3—Completed resin-encapsulated termination

During the development of this termination method it was
found that, in order to prevent the appearance of irrcgularly
shaped voids in the resin cast, it was neccssary to have a
flexible mould to ensure a tight scal between the mould and
cable gland, and to ensurc that resin did not shrink away in
places from the mould during the curing process.

ADVANTAGES OF RESIN-ENCAPSULATED
TERMINATION

The resin-encapsulated temination has the following
advantages over the types of termination previously employed.

(a) The coaxial tubes, being totally surrounded in a block of
resin, are held in a fixed position, and movement is prevented,
when the cable-tails are uncoiled for installation in the buried-
repeater case. If movement is allowed it is transferred to
the sealing-ends, and this has been the causc of the hermetic
seals in them breaking and producing air leaks in the termi-
nation.

(b) There is no mctal container for the termination, and,
therefore, difficult and costly soldering operations have been
obviated.

(c) The design of the sealing-ends has been made less
complicated, and, therefore, they are cheaper to produce.

(d) The number of special piece-parts has been reduced.

(e) The control pairs are not terminated on special ceramic
terminals. This has had the effect not only of producing a
direct cash saving but, also, of removing the cause of a large
number of air leaks which werc dctected when the termination
had been completely assembled.

(f) It is capable of being casily modified to meet future
requirements.

(£) The adoption of the resin-encapsulated termination has
enabled a reduction to be made in the number of types of
sealing-end held in stock for small-diameter coaxial cables.

(/) 1t has becen established in practice that satisfactory

* Exotherm—the generation of heat by chemical change within
the mass of mixed resin and hardcener,



terminations can be more consistently produced by this
method. The rejection rate has been reduced, and a consider-
able saving in material and labour charges effected.

CONCLUSIONS

Buried-repeater cases are being installed between repeater
stations on carrier routes consisting of coaxial pairs of
0-375 in. diameter, to reduce the amplifier spacing and,
thereby, allow an increase in the traffic-carrying capacity of
the coaxial pairs. The type of termination shown in Fig. 4
has permitted the 0-375 in. diameter tubes to be terminated
on the existing type of sealing-end for this size of coaxial tube,
and, at the same time, the termination has been made suffi-
ciently small to be accommodated at the entry points of the
existing type of buried-repeater case. For future schemes a
much smaller and cheaper sealing-end has been developed,
and this is being tested to take full advantage of the resin-
encapsulation method.

In the future, it can be expected that improvements will be
made in amplifier equipment and in the buried-repeater cases
in which it is contained, but the resin type of termination
can be readily modified and adapted to meet these changes.

FiG. 4—-Completed resin-encapsulated termination for 0-375in.
coaxial pairs

Book Reviews

“Low-Noise Electronics.”” W. P. Jolly, B.Sc., C.Eng., F.L.E.E.
English Universities Press, Ltd., 149 pp. 41 ill. 25s.

This book discusses the fundamentals of new devices such
as masers, parametric amplifiers (semiconductor type as well
as electron-beam type), and lasers. The first few chapters
will be helpful in gaining the background knowledge of
quantum mechanics. It is mainly addressed to students and
beginners. However, practising engineers may find it useful
on occasions.

D.C.

“Digital Transistor Circuits.” J. N. Harris, P. E. Gray, and
C. L. Searle. John Wiley and Sons, Ltd. xv + 220 pp.
104 ill. 36s. cloth, 20s. paper.

This is Volume 6 in a 7-volume series on diodes and tran-
sistors, covering both the physics of the devices and their
application in circuits. The basic circuit properties of tran-
sistors has been dealt with in Volume 3; this volume is con-
cerned with transistor digital circuits from the point of view
of both the circuit designer and the logic designer.

A description is given of three simple models which can be
used to describe the electrical behaviour of a transistor in
the static “‘on”’ and “‘off”* conditions and leads on to a detailed
explanation of the behaviour of a transistor in the transitional
state, described in terms of the charge control parameters.
A clear understanding is given of the factors involved in a
switching transistor.

The basic logic-circuit elements, such as gates, bistables
and monostables, arc described and the Boolean algebraic
equivalents are given, together with a review of Boolean
algebra. The use of clamp diodes and non-saturating switching
circuits is well covered by concise explanations.

The chapters are not overloaded with mathematics but
enough is given to enable the various circuits to be analysed.

The book is well written with ample explanatory diagrams,
although there are a number of small points about which
one might quibble such as in the diagram on p. 68 where
two symbols ¥l and VI are used which are difficult to dis-
tinguish. Also, on p. 44 it is stated that there is no advantage
in a circuit design which produces a large emitter-junction
reverse voltage in the off state. This is misleading because
in a circuit where minimum off delay is of prime importance,

a high reverse bias may be used in order to reduce the storage
delay time.

For many students and circuit designers the book will be
worth buying if only for the two final chapters, for here,
under one flyleaf, is a comparison of the merits of all the
commonly used types of logic circuits—RTL, DTL, TTL, etc.
This section also serves as an introduction to integrated
circuits because although the circuits are dealt with as if
made in discrete components, they are fundamentally similar
to the integrated-circuit form.

W. T. L.

“Fixed Resistors.” G. W. A, Dummer, M.B.E., M.ILE.E,,
M.ILE.E.E., M.LLE.R.E. Sivr Isaac Pitman and Sons,
Ltd. xi + 241 pp. 117 ill. 50s.

The author, a well-known authority on components, has
drastically revised this second edition of the ‘bible” on
fixed resistors. The importance of resistors will be appre-
ciated from the fact that over a wide range of electronic
equipments using conventional components, resistors account
for about 50 per cent of the total components used, and are
virtually the basic building bricks with which electrical equip-
ments are built. In view of the increasing stress placed on
the reliability of equipment, it is essential that considerable
care is taken in the selection of the right type of resistor for
each application, and in deciding the operating conditions.
This book is particularly helpful in this respect.

In this edition, most chapters have been enlarged to include
information on the newer types such as metal-film and metal-
oxide resistors, while two chapters have been added to cover
resistors for integrated circuits and the reliability of resistors.
This latter information is derived from both test results and
actual working equipments. The results illustrate the wide
range of reliability which can be obtained from any one type
of resistor, and show that the environment and loading
conditions mainly determine the failure rate.

There is an interesting chapter covering a wide range of
non-linear resistors with positive and negative temperature
coefficients, with details of both thermal-sensitive and voltage-
sensitive types.

For the researcher and the student there is a bibliography
giving 28 pages of references to other works on resistors.

The book will prove most valuable to circuit designers,
and it is considered that it should be made compulsory
reading for all engineers concerned with the physical realiza-
tion of electrical equipment. W. T. L.
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A Motor-Driven Cleaner for 2,000-Type and
4,000-Type Selector Banks

B. A. GREEN, C.ENG., M.1.E.E., M.1.PROD.E., and H. BLAKEY 't

U.D.C. 621.395.636.004.55

Present methods of bank cleaning involve the use of time-consuming, hand-held tools. This article
describes a motor-driven cleaning tool which is adjustable for different bank assemblies and has a pre-
determined time cycle. The unit is driven by a 50-volt a.c. motor and has been designed to use established
bank-cleaning tapes. A number of safeguards have been included to ensure that damage to the bank

cannot result from misoperation.

INTRODUCTION

The present manual methods of cleaning two-motion selector
banks were adopted only after much experiment had estab-
lished both the efficacy and the safety of the procedurc.
Briefly, these methods are based on the use of a hand-held
tool with a sickle-shaped blade, loaded with a braided-cotton
tape forming a readily renewable cleaning-pad. Three types
of tape are available: Tape No. 1, which is plain cotton and
was selected as being reasonably free from fluff, Tape No. 2,
which is also of cotton but is loaded with an industrial soap
and a mildly-abrasive material, and Tape No. 3, which is the
same as Tape No. [ but with the addition of mineral oil on
the basis of 2 gm/yd.

Although effective, present mcthods are tedious, time con-
suming and out of keeping with a modern approach to
maintenance. Fortunately, the present-day needs of the
British Post Office were largely anticipated by the develop-
ment of a bank-cleaning machine by Ericsson Telephones,
Ltd., of the Plessey Telecommunications Group, in 1958.
‘The need for an alternative method of two-motion selector-
bank cleaning was accentuated by the post-war conditions of
the middle 1950s when the Company’s installers found that
they were working in exchanges where building work was
still procceding. In one particular exchange the presence of
cement dust created considerable trouble during the installa-
tion and testing of very large numbers of two-motion selectors.
A preliminary design of motor-driven cleaner was introduced
with a fair measure of success. As is usual with new projects,
these early experiences disclosed somc of the unexpected
problems of mechanizing selector-bank cleaning, such as the
differencein friction between new and old banks, the variation
in work load between 2, 3 and 4-bank-set assemblies, variations
in the frictional load, and difficulties presented by the diffcrent
types of contamination.

To be an economic proposition a motor-driven cleaner
must clean effectively, save operator time and be versatile in
application. The equipment currently being introduced as
part of British Post Officc maintenance policy meets these
basicrequirements, and may beregarded as a direct descendant
of the machines used by Ericsson’s installation teams.

GENERAL DESCRIPTION OF MACHINE

The machine is provided in kit form, as shown in Fig. 1; in
Fig. 2 itis shown assembled for use on 4-bank-set assemblies.

1t Mr. Green is with Ericsson Telephones, Ltd., and Mr. Blakey is
in the Exchange Equipment Design and Installation Standards
Branch, Tclecommunications Development Department, Tele-
communication Headquarters.
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A—Upper and lower catch-plates
B—Micro-switches
C—Quick-release mechanisms
D—Lower support plate

FiG. 2—Underside view of assembled machine

The cleaner takes the place of the 2,000-type or 4,000-type
selector, and, in use, is located in the sclector cradle associated
with the bank being clcaned. The locating lugs or catch-
plates (A in Fig. 2) ensure that the machine is in the correct



horizontal position relative to the bank. To ensure that the
machine occupies the correct vertical position, a pair of
micro-switches are fitted in such a way that they operate
only when the weight of the machine is borne by the selector
cradle. Unless both micro-switches arc operated by the spring-
loaded plungers (B in Fig. 2) it is impossible to start the
cleaning operation. This provides a very considerable safe-
guard against the possibility of damage to the bank
itself.,

The front panel of the unit (Fig. 3) accommodates a
recessed 50-volt a.c. supply socket, fuse holder, a lamp and
the push-type starting-switch. A screw-driver-operated
potentiometer, for setting up purposes, is also accessible from
the front. Studs are fitted at the side of the unit to locate in

J

A—Driving motor
B—Motor control unit
C—Indicator lamp
D—Start push-button

F1G6. 3—Machioe in position ready for use

the selector-cradle bayonet-slots. The power supply is from
a 50-volt isolating transformer, and a connecting cord,
20 ft long, connects the transformer output to the panel-
socket on the cleaner. The fractional-horse-power motor
which powers the cleaning blades (A in Fig. 3) is mounted
with its axis vertical.

The motor control unit (B in Fig. 3) houses the motor
reduction gear, a subsidiary reduction gear which controls
the duration of the cleaning cycle, a full-wave rectifier, and
the two 600-type relays which directly control the starting
and stopping of the cleaner, The cleaning wafers, which will
be described later, are carried on a square-section arbor.
This is axially pivoted in a manner which spreads the load
on the motor as the wafers pass through the bank. The
cleaning kit contains three arbors as well as three extension

F1G. 4—Arbor and cleaning wafers

frames which are each equipped with a lower bearing seating
and a quick-release mechanism (C in Fig. 2) that frees the
whole of the lower support plate (D in Fig. 2).

Successful operation of the cleaner depends on a sound
design of cleaning wafer and the use of the standard Post
Office cleaning tapes. In the present design the comb-like
wafer, moulded in polypropylene, has buttressed supporting
fingers through which the tape is threaded. The flatness of
the tape is ensured by the width of the slots and the manner
in which it is secured by stapling over two fixing lugs. The
wafers are supplied, taped, in units of 11, clamped ready for
use. The centre hole fits the section of the arbor with little
free movement. Fig. 4 shows three taped units fitted on an
arbor, ready for use.

OPERATION OF THE EQUIPMENT

The initial assembly of the cleaner is straightforward. An
arbor and extension frame are chosen to match the type of
banks to be cleaned, the frame is fixed to the underside of the
motor control-unit by four screws, the appropriate number
of units of assembled cleaning wafers are slipped on to the
arbor, and the arbor is loaded into the machine by removing
the lower support plate. When a spline on the upper end of the
arbor has been engaged in a key-way in the motor driving-
shaft, the lower support plate is replaced and secured. With
connexion of the 50-volt supply, the machine is ready
for use.

A busied selector is removed from its cradle and the cleaner
is fitted in position. The brightly glowing lamp (C in Fig. 3)
indicates that the machine has taken up the correct position
relative to the cradle. When cleaning selector-banks with the
equipment for the first time it is necessary to test that the
cleaning wafcrs will cut-in smoothly into the bank levels.
This is done by advancing the lower group of wafers by
means of a tommy bar passed through a hole at the lower
end of the arbor. This precaution is one which need only be
repeated at the commencement of each shelf of switches, and,
as the tommy-bar has a further function, it may be left in
position, rotating with the arbor when the machine is
working.

The start push-button (D in Fig. 3) is then depressed and
the machine drives the upper groups of wafers into the bank,
followed by the lower group (or groups) 180° later. If the
button is released within the first 2 seconds the machine will
stop immediately; if it is held depressed for more than
2 seconds, the drive will automatically continue to complete
18 full revolutions in approximately 30 seconds. At the end
of this duty-cycle the motor-control relays ensure that the
upper wafer are brought to rest clear of the bank contacts.
The lower group of wafers may then be withdrawn from thc
bank by using the tommy bar to rotate the lower end of the
arbor, and the machine can then be removed from the
selector cradle. If for any reason the wafcrs do not clear the
bank at the end of their duty-cycle the indicator-lamp wil
remain slightly dimmed, a useful feature when the user is
working on the lower shelves of a rack and is unable to observe
the position of the wafers in comfort,

CONCLUSIONS

The machine, which is now coming into use in British Post
Office exchanges, has built-in safeguards which will ensure
that it can be used with the confidence that damage to banks
should not occur.

The well-established bank-cleaning tape has been retained
the duration of the cleaning cycle has been predetermined
and elaborate precautions have been taken to ensure the
correct adjustment of the machine and wafers with the bank
A restrictien is suggested on the number of banks to bt
cleaned before wafers are changed, and routine methods are¢
being devised to use the machines to best advantage and tc
reduce considerably the work required of maintenance staff.
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New Radio-Interference Equipment Vehicles

A. S. McLACHLAN and F. W. GORMANT

U.D.C. 621.396.669.8:621.391.823:629.11

At the present time the British Post Office maintains a force of 350 radio-interference investigation officers
throughout the country. These officers deal annually with sone 65,000 comiplaints concerning the racdio and
television broadcast services. To aid theni in this task they are supplied with special vehicles equipped with
nmeasuring and tracing apparatus. Two types of vehicles are used in this work. for the simpler work a small
S ewt vehicle is used, for the more difficult interference cases, and for dealing with interference with reception
in Bands IV and V, a more fully equipped 10 cwt vehicle has been provided.

INTRODUCTION

'I'hc number of complaints of interference with radio and
television broadcast services, received annually by the
British Post Officc, has stcadily dccreased from a peak of
nearly 170,000 in 1955 to just over 65,000 in 1966. Although
the annual numbcr of cascs has been reduccd the problems
of tracing sourccs of interference remain.

When it became clear that the existing vehicles and equip-
ment used in radio-intcrference work were reaching the ends
of their useful lives a study was made to determine the
requirement for replacements to deal with the present-day
problems. In the course of the survey, Telecommunications
Regions and Tclephone Areas were consulted, and many of
the ideas and suggestions rcceived were incorporated in the
design of the ncw vehicles and equipment. At the time when
thc preliminary design and developmcnt was taking place
thec new ultra-high-frequency (u.h.f.) television service was
being introduced, and facilities for dealing with this were
incorporated from the beginning.

GENERAL REQUIREMENTS

For some years thc numbers of complaints rclating to
medium-wave and long-wavc reception have been decreasing,
while the number of complaints rclating to television reception
has been increasing. Special attention had, thcrefore, to be
given to the problems of tracing sources of interfcrence with
television reception, especially sources of continuous-wave or
modulated continuous-wave interference. This type of intcr-
ference is generated, for cxample, by the frequency-change
oscillators of radio or television receivers and by industrial
and medical radio-frequency (r.f.) apparatus.

Interference caused by Barkhausen oscillations in the linc
output valves of (elevision reccivers can bc traced satisfac-
torily only: by the use of a portable telcvision receiver. This
type of interfcrence is usually referred to as ‘“‘windscreen
wiper” interfcrence becausc, when thc source is a television
recciver tuned to a B.B.C. program in Band I interfcring with a
receiver tuned to I.T.A. in Band I1I, it takes the form of a
vertical band moving slowly back and forth across thec
television screen. The samc type of interferencc is expericnced
in Bands 1V and V from receivers tuned to either Band I or
Band 11I, but in this instance, because the line standards are
different, the band is broken up and appears as dots or lines
in a pattern that moves diagonally across the screen.

For tracing a source of continuous-wave or modulated
continuous-wavc interference which may be close in frequency

1 Radio Regulatory Branch, Network Planning and Programning
Department, Telecommunications Headquarters.
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to the carrier of thc wanted signal the only suitable method
is to usc a panoramic recciver coupled to a direction-finding
aerial. A television receiver, a high mast and appropriate
acrials arc also necessary for dcmonstrating to a complainant
the effect of an efficicnt receiving system.

For economic reasons it is desirable that as many of these
diffcrent functions as possible should be combined in the one
piece of cquipment, and that, as far as possible, standard
commercial cquipment should be uscd.

To dcal with all the types of interference encountered
in the field it is, thcrefore, nccessary to provide the following
equipment.

(i) Vehicles to carry cquipment and staff.

(ii) Portablc television rcceivers.

(iii) Portable tracing and measuring rcceivers.

(iv) Panoramic receivers.

(v) Direction-finding aerials.

(vi) Dcmonstration acrials.

(vii) Rotating masts for direction finding.

(viii) High masts to raise the demonstration acrials to a
suitablc height.

(ix) Benches and soldering-iron points to facilitate the
carrying out of on-the-spot suppression of small appliances.

(x) Power supplies to run the equipment.

Not all this equipment is necessary for every case of
interfercnce, and most can be dcalt with using only a portion
of this apparatus. As thc present forcc of 350 investigation
officers requires some 300 vchicles to carry out its tasks it
would have been uncconomic to provide the full facilitics in
every vehicle. It was dccided, thercfore, to have two classes
of vehiclc and equipment to deal with the following two broad
categories of complaint.

(i) Those where the source of interference is known or may
be relatively easily traced by simple means, and wherc sup-
pression may be effected by standard methods. These cases
form thc bulk of thc work.

(i) Those in which the source of interference is difticult to
trace and may be a long way from the affected receiving
installations, and whcre measurement and demonstrations
are neccssary. At present, all complaints of interference with
u.h.f. reception are included in this category.

Because the radio-intcrference staff may have to spend long
hours in their vehicles in the coursc of tracing interference,
monitoring transmissions or suppressing apparatus, special
attention was paid, in the vehicle designs, to thc layout and
scating. The vehicles have becn fitted with interior lining to



reduce condensation and to provide a good internal ap-
pearance.

Vehicles in Post Office garages must be left unlocked
because of fire risk; therefore, lockable reinforced-plastic
security screens have been provided between the driver’s
compartment and the rear compartment in all vehicles. These
screens can be removed for normal working.

10 CWT RADIO-INTERFERENCE VEHICLE

For dealing with the complaints referred to earlier under
category (i7) a limited provision is being made of 75 vehicles
fully equipped to investigate all type of interference. This
provision is on the basis of one vehicle for each of the 59
Telephone Areas plus an additional vehicle for Areas which
are large territorially or have a large number of difficult cases.

TELEPRONE MALIGEL

FiG. 1—Five cwt radio-interference vehicle

5 CWT RADIO-INTERFERENCE VEHICLE

A commercial 5 cwt van has been used as the basis
for the vehicle designed to deal with the complaints
described earlier as category (7). This vehicle is illustrated
in Fig. 1.

It is often inconvenient for an investigation officer to carry
out suppression work on small appliances such as vacuum
cleaners, sewing-machine motors, etc., in people’s homes.
Owners are naturally reluctant to lose the use of their ap-
pliances for any length of time, especially where interference
affects a broadcast receiver other than their own. From the
Post Office’s point of view, it is uneconomic to have to make a
special journey back to a central workshop with each item
that has to be suppressed. The most efficient method of work-
ing from every point of view is, therefore, to provide in the
vehicle facilities for fitting suppression components on the
spot. For this reason the 5 cwt vehicle has been provided with
a small working top, underneath which a nest of six drawers
is provided for storing tools and suppression components.
Light for the working area is provided by a green-tinted roof
light which can be opened, if required, for ventilation. For
soldering, a 12-volt d.c. supply is provided from an enlarged
vehicle battery. Anchorage points are fitted at the rear and
front edges of the bench so that apparatus can be secured for
travelling.

The usual passenger’s seat is dispensed with and its place is
taken by a working position set back into the body of the
vehicle. This scat, because of its position and the consequent
difficulty in fitting safety belts, is not suitable for carrying a
passenger, and the S cwt vehicle is satisfactory only for one-
man working. Fig. 2 shows a rear view of the 5 cwt radio-
interference vehicle with the equipment which may be normally
carried.

When the issue of these vehicles is completed there will be
approximately 200 of them in service.

FiG. 2—Interior view of the 5 cwt vehicle
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FiG. 3—Arrangement of equipment and

To meet all the requirements as economically as possiblc
each separate piece of equipment has been made to serve as
many individual functions as possible. Fig. 3 shows in block
schematic form the connexions of the equipment in the vehicle,
and the functions of each part are described in the following
text. The vehicle (Fig. 4) is a standard Type 2 10 cwt Morris
van that has been modified in the following details.

(f) Part of the rear floor has been lowered to accommodate
an operator’s seat and to provide the necessary leg room.
This seat has a movable back which can be positioned either

200

50H2z
power supplies in the 10 cwt vehicle

for a passenger facing forward in the usual manner or for an
operator sitting directly in front of thc panoramic receiver
and facing the off-side of the vehicle.

(/i) Side windows have been provided to give the operator
an all-round view, and to provide light and ventilation.

(iii) Provision has been made for the mounting of a pneu-
matic mast in the centre of the vehicle within easy reach of
the operator.

(iv) Two box compartments have been mounted on the
roof to carry normal commercial-television and Band II

TELEPHONE MANAGER

4

F1G. 4-—Ten cwt radio-interference vehicle
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FiG. 5—Interior layout from the operator’s seat

aerials, which are used for direction finding, field-strength
mecasurements and demonstrations.

(v) A large hatch has been provided in the roof above the
operator’s seat to allow casy access to the hcad of the mast,
for fitting the acrials as rcquired, and to gain access to the
aerial boxes without climbing on to the roof of the vechicle.
The hatch also enables the operator to take a direct becaring
on a source of interfcrence by looking directly along the path
of the main beam of the acrial.

(vi) A heavy-duty battery and a large a.c. generator havc
been substituted for the normal vehicle battery and generator
to provide power to opcrate the teclevision receciver and the
panoramic equipment.

(vii) An apparatus bench with universal fixing points and
safcty rails has been fitted. The shape of the bench has becn
designed so that the facc of the television receiver can be scen
by the operator when seated in the operator’s seat, but cannot
be secn from the driver’s scat, or from dircectly in front or
from the off-side of the vehicle. A writing flap is positioned
in slides under the tclevision receiver so that it can be extended
into the writing position when required. The bench has threc
drawers and two open lockers easily accessible from the
operator’s position, and a closed locker accessible from the
rear of the vehicle.

A vicw of the layout from the operator’s scat is shown in
Fig. 5.

Pneumatic Mast

The pneumatic mast has three main functions. Firstly, it is
fitted in the centre of the vehicle, in rotating bearings, and can
be used in the unextended position as a mast for direction
finding. Sccondly, while fitted in the vehicle, it can be extended
for field-strength mcasurements to a maximum height of 24 ft
by a small electrically-driven pneumatic pump, which is
mounted under the bench. So that the mast may be frecly
rotated when in the cxtended position a non-return valve is
fitted in the airinletand conncxion is made via a flexible tube
and a bayonet connector. Water is precipitated inside the
mast by the action of compressing and releasing the air, and
by condensation. To prevent this water from entering the
vchicle the air is exhausted outside the vechicle when the mast
is lowered; this is donec by mecans of a second flexible tubc and
bayonet connector.

The third function is its use to demonstratc to a com-
plainant thc effect of an cfficient outdoor acrial. For this
purposc the mast may be easily removed from the vehicle by
lifting it through the split bearing on the roof after undoing
one hand-tightened turn-screw at the bottom. A tripod,

FiG. 6—@pcrator erecting the pneumatic mast for use remote
from the vehicle
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accommodated in the rear cupboards, is provided to support
the mast when it is used remote from thc vehicle. Fig 6
shows the erccted mast on its tripod. This function has proved
especially useful in dealing with complaints of interference
with u.h.f. rcception: over 70 per cent of complaints referring
to this service have been shown to be due to the use of in-
efficient aerials or otherwise faulty receiving installations.
The mast consists of six high-tensile light-alloy sections.
It is not keycd and will remain erect under air pressure for
about half an hour. To ensure rotation of an aerial at the
head of the mast, and to keep the mast erect for long periods,

(uV/m) at v.hf. and 13 dB («V/m) at u.h.f. However, if an
interfering signal as low as this exists at a complainant’s
premises it is usually possible to move the vehicle and oricn-
tate the aerial so that the received interfering signal is
effectively increased by approximately 10 dB, thus facilitating
direction finding.

In addition to its role in the vehicle, the television receiver
may be used remote from the vehicle as a hand-held tracing
receiver, and is particularly valuable in tracing the windscrcen
wiper type of interference. The receiver is also uscd when the
investigation officer wishes to decmonstrate an efficient aerial
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FiG. 7—Block schematic diagram of the Television Recciver No. 4A

clamping collars are provided. When required, these must be
tightened by hand, section by section, as the mast is erccted.

Television Receivers

Two types of television receiver have been provided: one
is a gencral-purpose hand-held tracing receiver, and the other
is a modified version for use in the 10 cwt vehicle. The telc-
vision receivers are commercial transistor-type dual-standard
models, and capablc of recciving all tclevision channels
in the v.h.f. and u.h.f. bands. A block schematic diagram
of the rcceiver used in the 10 cwt vehicle is shown in
Fig. 7.

For direction-finding work thc receiver used in the 10 cwt
vehicle has been specially inodified so that its i.f. outputs can
be connected to the panoramic recciver. In this way the opera-
tor can observe on the cathode-ray-tube display of the pano-
ramic receiver all signals present in the i.f. pass band of the
television receiver. A switch for disabling the automatic gain
control (a.g.c.) and replacing it with a manual gain is provided.
This is necessary because the effects of the a.g.c. would make
direction finding difficult by tending to oppose the variations
in received-signal amplitude on which direction finding
depends. The input stages of the receivers have been screened
to increasc the immunity to direct break-in of signal or
interference by paths other than the aerial.

The minimum amplitude of an interfering signal which is
easily visible on the panoramic display tube in the presence
of the vision carrier is about 1 uV, giving thc direction-
finding equipment an ovcrall scnsitivity of approximatcly
6 dB (uV/m) at v.h.f. and 13 dB (uV/m) at u.h.f. This order
of sensitivity cnables the cquipmcnt to be used in investigating
the morc difficult interference cases where the interfering field
strength affccting television reception may be as low as 6 dB
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and receiving installation to a complainant. When used remote
from the vehicle the receiver is powered by its own inbuilt
rechargeable batterics.

Panoramic Receiver

The panoramic receiver is a commercial panoramic display
unit, tunable over the frequency range 5-2-60 MHz. A block
schematic diagram of the recciver is shown in Fig. 8. Its
frequency coverage enables it to bc used with any receiver
having an i.f. output in the rangc 5-2-60 MHz. The panoramic
receiver is a double superhcterodyne having i.f.s of 5:2 MHz
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Fic. 8—Block schematic diagram of the panoramic recciver,
Radio, Recciver, No. 33A
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and 720 kHz. A maximum swecp width of 1 MHz can be
displayed on the cathode-ray tube; this swcep width may be
narrowced to less than 30 kHz, allowing signals close to each
other to bec separated.

In its normal role in tbe vehiclc the receiver is connected to
either the 625-line or 405-line i.f, output socket of the tele-
vision recciver, Since only 1 MHz of the television rcceiver i.f.
can bedisplayedat any onc timc it is necessary for the opcrator
when searching for the interfering signal to tune the panoramic
receiver through the i.f. pass band of thc tclevision receivcr.
It is possible with this receiver to distinguish a low-amplitude
interfering signal when itis only 10 kHz away from the wanted
carricr. For tracing interference with reception of a v.h.f.
frequency-modulated signal the panoramic rcceiver may be
uscd in conjunction with the v.h.f, tracing receiver, and it may
also be used with communication receivers if the need ariscs.

Portable Tracing and Measuring Receivers

When the provision is completed it is intended to havc
transistor-type portable tracing and measuring reccivers for
each of the three frequency bands 0-15-1-6 MHz, 30-
220 MHz and 470-875 MHz. The medium and long wave-
lengths are already catercd for by Radio Rccciver No. 27A,
which is a portablc transistor-type tracing rccciver with
measuring facilities; it covers the frequency rangc 0-15-
1-6 MHz.

A new transistor-type rccciver (Recciver, Radio, No. 31A)
for thc v.h.f. bands is being devcloped to replace the existing
obsolescent valve receivers. For thc u.h.f, bands a transistor-
typc tracing rcceiver with mecasuring facilities (Receivcer,
Radio, No. 34A) has becn developed and is now in scrvice.

The three receivers are shown in Fig. 5 and are, from left
to right, o

(i) the u.h.f. receiver (No. 34A), abovc the panoramic
receiver,

(#) the v.h.f receiver (No. 31A), to thc right of the tele-
vision receiver, and

(iii) the medium-wave and long-wavc rcceiver (No. 27A).

Thesc rcccivers may also be carried and used with the
5 cwt vehicle when required.

Audio Amplifier

The vehicle is equipped with a small portablc transistor-
type audio amplifier that is primnarily for use with thc radio
micasuring and tracing rcceivers, which are not provided with
their own loudspcakcrs. When extra audio amplification is
required the amplifier is connected to thc audio phone jacks
of the radio equipment.

Coaxial Patching Panel

The coaxial patching pancl is convenicntly mounted on thc
right of the opcrating position. Tts purpose is to terminate,
at a central point in the vehicle, all the inputs and outputs of
the radio equipment, This greatly simplifies the operation of

the equipment, and the opcrator needs only short coaxial
patching cords for interconnecting the equipment. A 40 dB
general-purpose attenuator and the whip acrial arc also
brought out on coaxial sockets on the patching panel.

LOCATING A SOURCE OF INTERFERENCE

When tracing a source of telcvision interfercnce the
operator moves his vchicle into a position wherc thc inter-
fcrence is visible on the screen of the telcvision rcceiver,
and, by obscrving the naturc of the dcgradation of the
picture, he can dccide on the method to be used for tracing
the source. If the interferencc is continuous he can, by
noting thc numbecr of interference lines on the picture and
referring to the curves shown in Fig. 9, estimate the frequency
separation between thc wanted and unwanted signals. Then,
by suitable adjustment of the swcep-width and tuning controls
of the panoramic rcceiver, he can display the interference on
thc cathode-ray tubc of the panoramic receiver. Once the
interferencc is displayed in this way thc aerial can be used for
direction finding on an intensity basis, and the vchicle can be
moved to take check bearings. Great carc and a certain amount
of skill are nccessary to usc this equipment in the u.h.f. bands
because of the prescnce of large reflections which can be very
mislcading.
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Notc: If the interfercnce pattern is diagonal, the frequency separation bctween
the vision carricr and the interfercnce is obtained by counting the number of
diagonal black bars intersccting the top of the screen.

Fic. 9—Relationship between thce number of black bars produced

by continuous-waye interfcrencc on a telcvision screen and the

frequency scparation betwecn the vision carricr and the interfering
signal

CONCLUSION

Provision is becing made of vchicles and equipment to meet
the nccds of the radie-intcrference services for the next
decade. For economic and operational reasons two typcs of
vchicles have been uscd, and most of the equipment is portable
and capablc of being used in a number of different roles. This
provides for flexibility and gives scopc for Telephonc Areas
and Telecommunications Regions to deploy the equipment
to the best advantage in whatever circumstances obtain
locally.
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Notes and Comments

New Year Honours

The Board of Editors offers congratulations to the following engincers honoured by Her Majesty the Queen in the New

Year Honours List.

Engineering Department

External Telecommunications A. G. German
Executive

External Telecommunications F. A. Symons
Executive

London Telecommunications R. V. Harris
Region

London Telecommunications M. E. Hewitt
Region

South Eastern Telecommunications A. H. C. Knox
Region

South Eastern Teleccommunications R. E. Ibbett
Region

Recent Award

G. A. C. R. Britton .. Latcly Senior Executive
Senior Executive Engineer. .
Senior Technician
Executive Engincer . .
Senior Technician

Chief Rcgional Engineer

Executive Engineer

Member of the Most Excellent
Order of the British Empire
Member of the Most Excellent
Order of the British Empire

British Empire Medal

Engineer

Mcmber of the Most Exccllent
Order of the British Empire
British Empire Medal

Imperial Service Order

Member of the Most Excellent
Order of the British Empire

The Board of Editors has learnt with pleasure that Her Majesty the Queen has awarded the Royal Victorian Medal (Silver)
to Mr. H. A. Pyle, Technical Officcr, South Central Tclephone Arca, London Telecommunications Region, for meritorious

services to the Royal Household.

Board of Editors

Mr. L. F. Scantlcbury has resigned from the Board of
Editors concurrently with his retirement from the Post Officc.
The members of the Board wish to cxpress their appreciation
of the valuable services rendered to the Journal by Mr,
Scantlebury during the past 17 ycars.

Circulation of The Post Office Electrical Engineers’
Journal

The Board of Editors is pleased to note the continuing
incrcase in the circulation of the Journal, as shown by the
following statistics.

Journal Issuc Number of Copies Printed

Vol. 60, Part 1, Apr. 1967 33,400
Vol. 60, Part 2, July 1967 33,730
Vol. 60, Part 3, Oct. 1967 34,000
Vol. 60, Part 4, Jan. 1968 34,200

Approximately 10 per cent of the Journals are sold to
overseas readers in more than 70 countrics.

Back Numbers of the Journal

The Journal endeavours to keep a stock of the more recent
back numbers to assist students and other intcrested readers,
but this involves extra storage, insurance and handling costs,
and an extra charge to cover these expenscs is often made
by other publishers. The Board of Editors has decided, reluc-
tantly, to increase the cost of back numbers of the Journal
to 3s. 6d. each (Ss. inland mail, 5s. 3d. overseas mail) from
1 April 1968 to recover these costs.

Supplement and Model Answer Books

Students studying for City and Guilds of London Institute
examinations in telecommunications are reminded that the
Supplement to the Journal includes model answers to exa-
mination questions set in all the subjects of the Tele-
comununication Technicians’ Course. Back numbers of thc
Journal are available in limited quantities only, and students
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are urged to place a regular order for the Journal to ensure
that they keep informed of current developments in tele-
communica_t}pgs and receive all copics of the Supplement.

Books of '™madel answers to certain of the City and Guilds
of London Institute examinations in telecomumunications are
published by the Board of Editors. Details of the books
available arc always given at the end of the Supplement to
the Journal. The books at present available include recently
published editions of Telephony and Telegraphy A
(February 1967) and Teleconununication Principles A
(January 1968).

Notes for Authors

Authors are rcminded that some notes are available to
help them preparc the manuscripts of the Journal articles in
a way that will assist in securing uniformity of presentation,
simplify the work of the Journal’s printer and draughtsmen,
and help ensure that authors’ wishes are easily intcrpreted.
Any author preparing an article for the Journal who is not
already in posscssion of the notes is asked to write to the
Managing Editor to obtain a copy.

It is emphasized that all contributions to the Journal,
including those for Regional Notes and Associate Section
Notes, must be typed, with double spacing between lines,
on one side only of each sheet of paper.

Each circuit diagram or sketch should be drawn on a
separate sheet of paper; neat sketches are all that are required.
Photographs should be clear and sharply focused. Prints
should preferably be glossy and should be unmounted, any
notes or captions being written on a separate sheet of paper.
Negatives or plates are not needed and should not be
supplied.

Syllabuses and Copies of Question Papers for the
Telecommunication Technicians’ Course

The syllabuses and copies of question papers set for exam-
inations of the Telecommunication Technicians’ Course of
the City and Guilds of London Institute are not sold by The
Post Office Electrical Engineers’ Journal. They should be
purchascd froin the Department of Technology, City and
Guilds of London Institute, 76 Portland Place, London,
W.1.



T. H. Southerton, B.Sc.(Eng.),
C.Eng., M.ILE.E.

After early experience in the Midland
Region and S Branch war group, Mr.
Southertonjoined the Post Oftice Factories
as Enginecr on production processes, flow
methods and work measurcment. Suc-
ccssively Factory Manager, Deputy Con-
troller and Controller, he led an efficicncy
drive embracing economic, tcchnical and
operational change. In 10 years, pro-
ductivity doubled with better control of
quality. Mr. Southerton has a f(riendly
down-to-earth approach which blends
well with shrewdness and toughness. His
widc appreciation of industrial problems
was sharpened at the Duke of Edinburgh’s
Study Conference and the London
Business School. He thus brings a wealth
of experience to the tclceommunications
business as Director of Management
Scrvices.

R. A. C

J. Piggott, B.Sc.(Eng.), C.Eng.,
M.1.Mech.E., F.1.E.E.

Almost immediately after cntry to the
Post Oihice as E.E., John Piggott was
seconded to Postal Services Department
to study the potential for mechanization;
this set the pattern for his futurc. He
became Staft Enginecr of Power Branch
and, later, of Postal Enginecring Branch
when it was set up in 1966. His recent
promotion to Deputy Director of Engin-
eering in charge of Design and Develop-
ment at Postal Headquartcrs can be seen
as the culmination of his career in
mechanical and electrical engineering.
His cxpert knowlcdge, combined with a
keen intellect and fricndly disposition, fit
him admirably for this new post. His
many friends wish him every success.

G. M. M.

H. Barker, B.Sc.(Eng.), C.Eng.,
M.I.E.E.

Mr. H. Barker has bcen appointed as
the first Dircctor of the Network Plan-
ning and Programming Department.
This newly formed Department is respon-
siblc for the planning and provision of
the main trunk network down to group
switching centres, and ol space com-
munications, submarine cables and
overseas radio. Both approachable and
determined, Mr. Barker is well equipped
to amalgamate the components of his new
Dcpartment into an effective tcam. His
knowledge of transmission work, his
energy and drive will enablc him to lead
his Department to success in the formid-
ablc tasks imposed by the rapid growth
of demand for long-distance telephonc
and data services.

C.E. C.

J. Balcombe, B.Sc.(Eng.),
A.C.G.I.

Mr. Balcombe was appointed Con-
troller of Factories on | October, 1967.
The first half of his career, starting in
1933, brought him a wide range of
cxpericnee in telccommunications during
service in the Engineering Department,
Region and Telephone Area. Since 1950
hc has worked in I Branch, first as A.S.E.
and then, from 1959, as Staff Engineer.
During this period he took the [cading
part in modernizing the Post Office
approach to acceptance of plant from its
suppliers and campaigning for improved
quality control by them. His wide circle
of friends in the Post Office and Industry
wish him success and enjoyment in his
ncw spherc of work,

W. A. H.

‘A
J. A. Lawrence, T.D,, Hon. C.G.1.A.
C.Eng., F.I.E.E.

John Lawrence’s appointment t
Deputy Director of Engineering as heac
of switching development recognizes :
distinguished career which has earned ai
international reputation. Reed-electroni
systems have been his main responsibilit;
in recent ycars, and thcy owe much t¢
his inventiveness, enthusiasm and under
standing. His insight and powerful use o
short-cut methods in design and estima
ting, seemingly intuitive at times, sten
from long cxpcrience—practical cxper
icnce of maintenance, of circuit desigt
and testing, of radar and other militar
cquipment, of system design and cvalua
tion. With his unflagging cnergy, wid
experience and flair for management, he
will surely succeed in matching switching
development to modcrn nceds and tech
niques. His colleagucs will wish him well

L. R. F. H.

T.d. Rees, C.Eng.,
M.1.E.E.

T. J. Rees, recently appointed D.D.E
(Service and Sales Department), joinec
the Post Ofhce as a Probationary
Inspector in 1938. He served for periods
in the Nottingham Secction, North Mid-
land District and the Midland Region be-
fore joining the Royal Signals in 1943, Or
his rcturn in 1947 he spent 2 years as ar
A.E.E. in Coventry Telephone Area, anc
in 1949 was appointed E.E. in the
Telephone Branch, Engineering Depart-
ment. Appointed S.E.E. (1954) and A.S.E
(1960) in O Branch, hc bccame R.E
(Maintenance) of L.I.R. in June 196:
and C.R.E. (Servicc and Staff) in the
samc Region in May 1965. We wish himr
all possible success in his new post.

A.J. T.



F. A. Hough, O.B.E., M.Sc.(Eng.),
C.Eng., M.LLE.E.

Mr. F. A. Hough, aftcr receiving a
M.Sc.(Eng.) degrec, joincd thc Post Office
in 1932. Wide cxperience of Area,
Region and Engineering [Department
work, with a 64-year break for military
scrvicc (M.B.E. and mentioned in des-
patches), was followed by 3 years in LM
Branch working on the first trans-
atlantic submarine telephone-cable pro-
ject: thc valuable part hc piayed in this
work was rccognized by the award of
the O.B.E. As C.R.E. of the London
Postal Region (1956) and C.M.T.O. (1959)
Mr. Hough broadened further his alrcady
considerable experience. His recent
appointment as D.D.E., Power, Civil and
Mechanical Engineering Division, is a
translation back entirely compatible with
his lifelong interest in engines, cablcs,
poles and holes.

A.G. L.

W. N. Lang, E.R.D., B.Sc.(Eng.),
C.Eng., M.I.E.E.

W. N. (Bill) Lang joincd the Post
Office as a Youth-in-Training in Scotland
West Telephone Area in 1939. After
service in the Royal Corps of Signals,
1941-1946, he read cngincering at Glas-
gow University, graduating in 1956. After
a period at the Central Training School,
he was promoted to E.E., London, in
1954. His appointment to Oban cablc
station in 1956 started 9 years of extensive
expcricnce in  submarine-cablc work,
including the U.S.-Bermuda, COMPAC
and SEACOM cable projects. Following
2 years as Telephone Manager, Oxford,
and a year as an A.S.E. in OCG Branch,
his appointment as Service Controller,
Scotland, comes as no surprise to his
many friends in the Post Office.

A.W. W.
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A. E. Jemmeson, B.Sc.(Eng.)

Arthur Jemmeson, who was promoted
to Staff Engincer early in 1963, first took
charge of OWS Branch and, later, P
Branch of the Engineering Department.
In both these capacities he quickly made
a significant contribution. Wideexperience
coupled with an all-round capability—a
distinguishing characteristic of his career
—made him an obvious choicc to head
the Enginecring Dcpartment reorganiza-
tion team which was set up in 1967.
Indeed, much of the new Post Office
organization and structure bears the
stamp of his flair and ingenuity. His
recent appointment as Deputy Director
of Engincering, Postal Mechanization
Department, was warmly wclcomed by
his very many friends and colleagues.
We wish him every success in his new
role.

K. A. H.

W. H. Maddison, T.D.,B.Sc., C.Eng.,
F.l.E.E.

W. H. Maddison has been appointed
Assistant Secretary in charge of the
Public and Private Services Division of
the Service and Sales Department. To
this post he brings a wealth of experience
and knowledge of tclecommunications in
both the technical and managerial fields.
Hc has had cxpcerience in industry, in the
Post Officc Rescarch Decpartment, in a
Telephone Area, in thc development of
exchange equipment and subscribers’
apparatus, and in the Post Office Factories
Department. During the Second World
War he became involved in A.A. defence,
specializing in radar, and rose from
Second Lieutcnant to I.t.-Colonel. Of
recent years he has represented the Post
Office on a number of B.S.1. Committees.
All stccess in his ncw post!

W.J.E. T.

H. J. Revell, B.Sc.(Eng.), A.C.G.1.,
C.Eng., F.I.E.E.

The appointment of Mr. H. J. Revell
as Director, Telecommunications, Scot-
land, is a fitting climax to 30 years
dcvoted to the telephone scrvice north of
the border. Experience in every Scottish
Telephone Area, cngineering appoint-
ments up to Chief Regional Engineer, and
11 ycars in the Telephone Manager field
furnish a wunique background to his
present appointment. Mr. Revell com-
bines a strong and dynamic approach to
management with a great capacity for
concern about the well-being and aspira-
tions of the individual employee. Tele-
communications Headquarters Scotland
is fortunate that it will bc facing the
pressurcs and problems of the coming
years under his command.

R. C. B.

E. Davis, C.Eng., M.1.E.E.

Mr. E. Davis has becn appointed
Controlter of the Trunk Planning Branch
in thc L.T.R. after a varied career at
Headquarters and in the Regions,
specializing in the dcvelopment and
planning of transmission systems. He
was for some years Managing Editor of
this Journal. As a member of thc London
Trunk and the Intcrnational Switching
Task Forces, he made a considerable
contribution to the success of both
ventures. He took over the leadership of
the National Trunk Task Force last ycar.
Eric Davis’ energy, drive and the care
with which he checks his facts are well
known to his many friends and colleagues,
as arc also his friendly disposition and
dry humour. We wish him success in his
ncw venturc.

H. E. E.



F. W. J.Webber, B.Sc.(Eng.), C.Eng.,
M.I.E.E.

A career which started as a sea-going
wireless opcrator and now progresses to
Head of Division in the Telecommunica-
tions Pcrsonnel Department, gives somc
idca of Bill Webber’s broad cxperience;
Rescarch, Engineering  Departiment,
Regional Hcadquarters, and Telephone
Area, he has served them all. In recent
ycars he has been mostly concerned with
the many staff negotiations which have
been such an essential part of the improve-
ment in engineering productivity. His
clear insight into the problems, and his
absolute integrity and thoroughness have
been major factors in the success which
has bcen achieved. His many fricnds will
wish him further success in exercising the
wider responsibilities he is now under-
taking.

D. C. B.

J. S. Whyte, M.Sc.(Eng.), C.Eng.,
F.1.E.E.

After seventeen fruitful years of trans-
mission research John Whyte was secon-
ded in 1965 to H.M. Treasury to take
charge of the division concerned with
computer applications in Government
Service, Ilis success in changing from
research to administrative work in this
very active area is a measure of his
adaptability and broad outlook; and of
the shrewd business sense that his easy
manner may conceal, for commercial
pressures are severe in the computer
world. He is well equipped to lead thc
Long-Range Planning Division, with its
wide technical, economic and sociological
interests. We wish him well in his work:
may he also have leisure for photography
and mountaineering!

H. B. L.

W. L. A. Coleman, B.Sc.(Eng.),
C.Eng., F.l.E.E.

The appointment of Mr. Colecman as
Director of the Midlands Tcleccommunica-
tions Region has given great pleasure to
all his colleagues. He has completed 40
years of Post Officc engineering, serving
in the Engineering Department and threc
Telephone Areas before the last 15 years
as Regional Engineer and C.R.E., Mid-
land Region. Those who know him are
aware of his keenness, energy and drive.
He has thc freshness and enthusiasm to
inject inte the changing organization the
new spirit that is now required. He has
always shown considerate interest in the
stafl'in his charge, and this attribute, which
reciprocates loyalty, should enable the
Midlands Telecommunications Region to
progress successfully under his leadership.

G. A. P.

G. P. Copping, B.Sc.(Eng.), C. Eng.,
F.l.E.E.

Mr Copping joined the Post Office as a
Probationary Assistant Engineer (old
style) in 1938, After training he served
in the External Plant and Carrier Groups
at Dollis Hill. During the war he was
commissioncd in the Royal Signals,
rcturning to Rescarch Branch in 1946.
With outstanding energy and enthusiasm
he conducted a highly successful research
into the mechanization of letter-mail
handling, leading the team which made
laboratory models of the machines now
going into scrvice. He continued this
development on his transfer to P and
PE Branches. His many friends will wish
him success in his well-deserved appoint-
ment as Stafi Engineer in charge of the
Letter Machincry Branch in PHQ/PMD.

G. N. D.

el T

D. Baker, C.G.l.A., C.Eng., M.I.LE.E.

Denis Baker commenced as a Youtl
in-Training in 1942 and progresse
through the A.E.E. and E.E. limite
competitions, his work includingexchang
maintenance, and cxternal and equipmer
planning. As S.E.E. he was responsibl
for the detailed accommodation an
equipment planning for cstablishing
new Central Engineering College; foi
merly to be at Harlow this is now bein
built at Stone. As A.S.E. he was o
manpower productivity questions, ii
cluding Icading a working party to stud
the system of performance statistics i
Canada and to formulate a comparabl
system for thc British Post Officc. H
wide expericnce and friendly, quiet y¢
firm, manner will equip him well fc
new problems as Planning Controlle
North Eastern Postal Region.

R. ®@. B.

C. E. E. Clinch, B.Sc.(Eng.), C. Eng
F.I.E.E., F.S.S.

In progressing from Youth-in-Trainin
to Staff Enginecr, Charles E. Clinch ha
had a more varied experience than mos
Post Office engineers. It has embrace
subscribers’ apparatus, telephone
exchange work, transmission systen:
electronic-exchange development anc
latterly, the technical aspects of broac
casting and other radio-regulator
matters. His duties have taken him to a
parts of the country and to many countric
overseas, ranging from Lebanon to th
U.S.A. His large circle of friends an
acquaintances at home and abroad wi
wish Charlie every success in his ne'
post, which takes him into yet anothe
field of Post Office activity—the mecl
anization of the parcel post.

T. K.



I. G. White, C.Eng., M.I.E.E.

Ivor White has been appointed Staff
Engineer, Project Engineering Branch,
Postal Hcadquarters. After receiving
training in the Gloucester Tclephonc
Area he moved to the Home Countics
Region in 1948 as A.E.E. Through the
E.E. Competition in 1952 he joined the
Engineering Department, Power Branch,
where, amongst a variety of work, he
designed semiconductor rectifier units.
Promoted S.E.E. in 1960 hc turned his
considerablc encrgics to mechanized
parcel sorting, and introduced the highly
successful tilted-band machine. Fe was
promotcd A.S.E. in [965. Mr. Whitc
is known for his widc vision, his
penetrating and logical approach to
complex problems, and for his deep sensc
of purpose; the success of the new
Branch is assured.

J. P.

A. E. T. Forster, C.Eng., M.L.E.E.

Mr. A. E. T. Forster, Staff Engineer,
Datel, Telex, and Telegraph Systems
Planning and Provision Branch, entered
the Post @flice in 1935. From 1939 to
1946 he was on War scrvice. He joined
the Telegraph Branch in 1946 and was
engaged on dcvelopment of the telegraph
automatic-switching system. In (953 hc
was promoted S.E.E. in charge of the
development of the present national and
intcrnational telex system. In 1963 he
was scconded to SHAPE Technical
Centre, and returned to the Telegraph

Branch 1966 as A.S.E. in chargec of
tclegraph transmission and machine
development. Mr. Forster is known

nationally and internationally as an
expert on tclegraph-switching systems,
and this long expcricnce will stand him
in good stcad in his new appointment.
J. R.

P. J. Edwards, C.Eng., M.L.E.E.

Jimmy Edwards started in 1942 as a
Youth-in-Training in the Birmingham
Test Section. During a varied career,
embracing h.f. radio, television and
microwavce links, he has always tackled
the problems before him with enthusiasm,
and has become an expert in each subject.
He returncd to I Branch on promotion
to A.S.E. in 1965 and pursued, with his
customary vigour, the problems of
rationalizing the specifications for local
cables and the replacement of copper by
aluminium conductors. His well-deserved
promotion to Staff Enginesr of the new
Power and Ancillary Systems Branch
will not surprise those of us who know
this cheerful, direct, forceful and most
likeable chap. We wish him well.

D. G. J.
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B. R. Horsfield, C.Eng., M.I.E.E.
Joining the Post @ffice in Leeds in 1933

and the Engineering Department in
Lceds in 1941, Mr. Horsfield became a
widely acknowledged expert in signalling.
He visited the U.S.A. in 1947 and,
subscquently, served on the Working
Party that formulated the first S.T.D.
proposals for the United Kingdom. He
was seconded to India in 1953 for 6
months on behalf of the United Nations.
Promoted to A.S.E. in 1961 he became
expert in electronic switching, A valucd
colleague, always concerned with the
wclfare of his staff, his appointment as
Staff Engincer is wclcomed by his many
friends, who wish him success in his new
post.
J.A. L.

T. C. Harding, T.D., C.Eng., M.I.E.E.

Mr. T. C. Harding, who joined the
Post @ffice in 1930, was an A.E.E. in the
old North Midland District when the
war interrupted his career. As a Tcrri-
torial officer he was called up in August
1939 and subsequently rose to the rank
of Lt-Colonel in the Royal Corps of
Signals. After demobilization he was
promoted to S.E.E.. in the Rescarch
Branch, and in 1957 to A.S.E. in charge
of the development of subscribers’
apparatus. The Telcphone 706, the Trim-
phone and many other items were
developed under his capable direction.
With this wecalth of cxperience Terry
Harding is assured of success in his new
appointment as Staff Engineer in Pro-
visioning and Supplies Department, where
he will be responsible for thc application
of value-analysis tcchniques.

A. ). F.

E. V. Partington, B.Sc.(Eng.), C.Eng.,
M.1.E.E.

After a firm grounding in the Circuit
Laboratory, Eric Partington worked on
many aspects of tclecphony; this included
S years on external planning in Australia.
Later he spent 2 years as Chief Engineer
(. & T.) in thc Sudan, following which
he was promoted in 1964 to A.S.E. on
work study of maintenance. Mr. Parting-
ton has always taken a real interest in
people, and this has been shown by the
active part he has played in Society
affairs—{irst as ’resident of S.I>.@ E. and,
later, as Treasurcr of the A.S.R.E. His
background, interests and personality
ideally suit him for his new post, as
Staff Engineer of the Customers’ Main-
tenancc Scrvices Branch,

C. A. M.
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KA. Hannant, B.Sc.(Tech.), C.Eng.,
M.I.E.E.

Keith Hannant, appointed Staff
Engineer in the Telecommunications
Management Services Department, began
his career as E.E. in 1950 in the Liverpool
Telcphone Area. Ile came to Head-
quartcers in 1958 on promotion to S.E.E.,
after 5 years in Regional Headquarters—
a unique range of expcrience for a post-
war graduatc entrant. He did exccllent
work in his field of exchange planning
and design, notably in network planning
for S.T.D. and some overseas projects.
In 1965 he moved, as A.S.E., to manage-
ment work in OCG Branch dealing with
grading and organization, and since
September 1966 has concentrated on
lcgislative aspects of the Post Office
reorganization. His personal qualities and
background shouldensure his success in his
new assignment, and we all wish him well.

A.E. J.

P. E. Brownlow, C.Eng.,
A.M.l.Mech.E

Mr. P. E. Brownlow, who has been
appointed Chief Motor Transport Officer,
Motor Transport Division, entered the
Post Office by open competition as
M.T.O. IIl in 1949. After completing his
apprenticeship in the L.N.E.R. Loco-
motive Works at Doncaster he scrved
with R.E.M.E.; mainly in the Middlc
East. On demobilization he lectured at
Doncaster Technical Collcge before join-
ing the Post Office, where his ability,
enthusiasm and industry were speedily
recognized by rapid promotion. His
many friends inside and outside the Post
Office were very pleased to hear of his new
appointment and wish him continucd
success. Members of the old M Branch
were particularly happy as he was the first
mcmber of the Branch for 30 years to
be appointed C.M.T.O.

M. C. H.

N. B. Rymer, M.B.E., T.D., C.Eng.,
M.1.E.E.

Norman Blake Rymer shouts fo
Wales at Twickenham. Elscwhere, h
hardly raises his voice. This may give th
erroneous impression of a tacitur
nature. In fact, he is essentially a doe
rather than a talker, and has always bee
ready to have a go. He came to the Pos
Office in Cardiff in 1936 as an Ope
Probationary Inspector, spcnt thc wa
years with the Royal Corps of Signals i
Europc, and, on return, passed the E.E
examination and went to the Engineerin,
Department. Principally an outside man
hc has also had considerable cxpericnc
with transmission and testing equipments
Hc brings to his appointment as th
“Chief Inspector” the ideal experienc
and temperament to command the respcc
of the contractors and the loyalty of hi
staft.

F. A. H.

Book Review

“Words and Waves.” A. H. W. Beck, Weidenfcld and
Nicolson. 225 pp. 69 ill. 25s. board, 12s. 6d. paper.

In the belief that the intelligent layman should bc able to
reach an informed opinion on technical matters which affect
his way of life, Professor Beck has attempted to providc him
with an appreciation of the technical background to tele-
communications. A second aim has bcen to encourage senior
schoolchildren to consider a telecommunications career.

The book has two main sections: a very readable outline
history of electrical communication; and, al greater lengih,
a survey of such subjects as wave motions and forms, band-
width, modulation, feedback, noise, transmission systems,
information theory, cybcrnetics, and so on. Though the book
is aimed at him, the layman is likely to find the technical
section rather heavy going. Thc author might have allowed
more for the layman’s unfamiliarity with thc habits of tech-
nical thought and speech, and could well have been less
ambitious in his treatment of the subjects chosen. Therc is
no discussion of such major non-electrical problems as that
of the gathcring, handling, and distribution of communi-
cations traffic, even though S.T.D. is cited as a prime examplc
of a technical development which significantly affects the
public.

In spite ol the defects mentioned, an intelligent layman
with a little pcrsistence should find the book interesting.
For sixth-formers, it may be too fragmentary to achieve its
purpose, but if the school science staft or othcrs can provide
any neccssary enlargements, it may prove stimulating.

J.T.

Book Received

“Electromagnetic Theory: Static Fields and Their Mapping.’
Ernst Weber. Constablc and Company, Ltd. xii+590 pp
175 ill. 22s.

This Dover Publications paperback edition is an unabridgec
and corrected republication of the work first published b:
John Wiley and Sons, Inc., in 1950 under the title “Electro
magnetic Fields, Theory and Applications, Volume 1-
Mapping of Ficlds.” In this book the static electric anc
magnetic fields generated by motors, generators, trans
formers and other components are described, togcther witl
the methods that have bcen used to map them.

The first three chapters in thc book survey and analys:
static ficlds, noting, in particular, the physical relationship:
existing between electrostatics, magnctostatics and electro
kinetics. The rest of the book, and by far the larger part
deals with field-mapping methods, stressing equally th¢
analytical and practical aspects. Methods of mapping one
dimensional fields include simple applications of the super
position principle to systems of point and line charges, lint
currents, and simple geometrics of spatially distributec
charges and currcnts. The experimental method of mapping
complex geometries, especially the analogies utilized in the
electrolytic trough, is contrasted with graphical and numerica
field-plotting methods. The uses of electrical and magnetic
images and inversion in mapping onc-dimensional fields i
presented, and two-dimensional field problems are solvec
with analytical functions, conjugate functions and conforma
mapping. Orthogonal co-ordinate systcms are used to dea
mathematically with three-dimensional problems.

The book includes six appendices containing an annotatec
bibliography and explaining the fundamentals of vectos
analysis, Bessel functions and Legendrc functions.
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Regional Notes

Eastern Region
Telephone Distribution in a Mediaeval Town—JLavenhiam

Lavenham is a well-preserved mediaeval wool town, and
so it is not surprising that it hcads a list of picturesque
Suffolk villages that nced to be prescrved as far as possible
in their original condition. Consequently, back in 1961, the
West Suffolk County Planner approached the Post Oflice to
see if it would be possible to removc the overhcad wires from
the main streets Church Street and High Street. Due to a
period of financial stringency nothing was done until 1964.

In that ycar, the Telephone Manager met the Eastern
Electricity Board and the Suffolk Preservation Society to
discuss the probiem. However, no extra costs could be
incurred for amenity improvements in 1964, as Post Office
policy was then to clear outstanding requests for service by
March 1966.

Eventually in 1966, the Eastern Electricity Board approved
an amenity grant to put thcir services underground. Conse-
quently, the Telephone Manager, using his dcvolved powers,
agreed to advance thc development of Lavenham to take
advantage of the opportunity for joint trench construction.
West Suffolk County Council were also prepared to do the
finalrcinstatement. This was an opportunity not to be missed,
as a part-development schcme would soon be necessary for
the following reasons.

(a) Parts of the duct were congested due to pieccmeal
expansion with small cables over the years.

(b) At the north end of High Street up to five drop wires
had been erected on Eastern Electricity Board poles—to
provice service to waiting customers.

(¢) Two new housing developments had to be served.

(d) Relief was necessary for the village of Preston where a
line connector was already in use.

(e) Last, but not least, the Eastern Elcctricity Board were
removing their poles, on which Pest Oflice wiring was sup-
ported.

A cabling scheme was prcpared, therefore, for both sides
of High Strect and Church Street using the Eastern Llectricity
Board trench wherever possible. Thirty-eight block-wiring
points were used, but it was still possible to make use of
six pole positions which could be rcached without difficulty
by the maintenancc cngincer, and were off the main streets
or were well-camouflaged by thc cxisting trees.' Singleton
jointers buried the spur cables to each terminal block and
connected them to the main cable by means of taped joints.

High Street facing north from opposite the Swan Hotel
before the work
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When the development was complete, the recovery of the
poles was done with an Electricity Board crane. This work
was observed by television cameras for the benefit of the
“viewing’ public. The Post Office Simons hoist was used to
rccover 14 chimney brackets from roof tops whose strength
was extremely doubtful.

The same scene after the work was cempleted

When this part-development of Lavenham was finally
complcted the architects and thc Suffolk Preservation Socicty
sent their congratulations and appreciation to all concerned
for their co-operation in the removal of the proliferation of
poles and wires from Lavenham main strects. The Telephone
Managcr stated in reply that the Lavenham part-development
had only been made a practical proposition by West Suffolk
County Council bearing the reinstatement costs. In fact,
with joint trench construction and free rcinstatement the
actual cost compared quitc favourably with a normal ring-
type, drop-wire distribution scheme.

So a dream of the Suffolk Preservation Society, Town and
Country Planners and their Associates, had comc to lifec,
but to some, these ancient strects without visible means of
communication seem lifeless.

R. W.J.

Scotland
Storm Damage

A storm of hurricane force on the 14 and 15 January 1968
causcd serious damage to telephone plant in Scottand.

Extensive damage to aerial cables and overhead junction
routes was cxpcricnced in Dundee, Glasgow, Edinburgh and
Scotland West Tclephone Arcas. 25,000 subscribers’ circuits
were affected and over 100 exchanges isolated due to external-
plant damage and failure of power plants not equipped with
standby engines.

Installation work was suspended in all the affected Areas
and with the assistance of gangs loaned by the N.E. Region
the situation was progressively brought under control. By
29 January all controls were reported to be operating nor-
mally though heavy rain storms were maintaining a high
level of fault reports, particularly in Glasgow and Scotland
West Telephonc Areas.

Restoration of service was, of course, on a temporary basis.
It is estimated that pcrmanent restoration will involve an
expenditure of 500,000 man-hours.



Serious damage was also caused at two microwave radio
stations in the Scotland West Telephone Area. At Riddingshill,
near Dumfries, a large paraboloidal horn aerial, transmitting
telephony and television to Belfast, broke loose from its
mountings and swung round to smash against the tower,
narrowly missing the adjacent reccive horn. The fault occurred
at 1.30a.m. and by 4 a.m. emergency staff had managed to
reach thc station and restore service by re-connecting wave-
guides in the station to an old dish aerial remaining on the
tower. A few minutes later at Green Lowther, the next
station north on the Carlisle-Kirk O’Shotts route, winds of
up to 130 m.p.h. stripped the 2 in. thick asphalt roof covering
off the station and flung it against the tower and acrials.
Handrails on the tower were broken and a small horn aerial
carrying B.B.C. 2 and telephony was badly damaged. Because
of the storm the station was inaccessible until later in the day
when, amongst the remains of the roof, a rigging gang
secured aerials to prevent further damage. The feeder to a
dish aerial on the tower was damaged, but a spare length was
found and the dish was panned, with scrvice being restored
using this acrial on the afternoon of 16 January.

Spare aerials have been located for both stations and are
being installed as weather permits.

During the same storm, the submarine cable carrying
circuits from Coll and Tiree via Mull to the mainland failed.
All contact with the two islands was lost except for v.h.f.
communications between the airfield and nearby aircraft. A
cable ship was sent to repair the cable but, meanwhile,
Regional staff prepared a single-channel v.h.f. radio link using
new Transceivers 2A. One terminal was flown to Tiree and
crected at Scarinish while the other terminal was set up near
Tobermory on Mull. Communication was established on
the morning of Thursday 18 January, and the link was then
in almost continuous use until the submarine cable was
repaired in the afternoon of Sunday 21 January.

E.S.

South-Western Region
Flood Damage to Bideford “Long Bridge”

Bideford “‘Long Bridge’ has spannecd the River Torridge
since A.D. 1280. A stone bridge was built over and around
the original timber bridge some two hundred years later and
its present shape was acquired in 1925 when it was widened.
The varying spans of the 24 arches are due to the different
lengths of the original timber lintels. The bridge is maintained
by a trust fund owning property in the town and was exempted
from the Trunk Roads Bill of 1946. Besides carrying the A39
trunk road the bridge carrics a number of Post Office cables
in steel pipes suspended below the upstream and downstream
footways.

On the 10.30 p.m. B.B.C. news summary on Tucsday,
9 January 1968, it was announced that flood water had
damaged the bridge and that it was in danger of collapsing
altogether. A member of thec staff heard the report and,
realizing the implications, immediately arranged a meeting of
officers concerned to decide on possible courses of action.

At this stage it was known that onc of thc buttresses
between two arches at the western end of the bridge had
collapsed. A gas main was fractured and leaking but there
was no apparent damage to Post Office plant. The cables
involved were the Barnstaple-Widemouth coaxial cable
carrying transaltantic (TAT-3) traffic, Barnstaple-Bude trunk
cable, Barnstaple—Bideford and Bideford-Torrington junction
cables and two 200-pair local cables. If the bridge collapsed
breakage of these cables would mean scrious disruption of
service.

Power was removed from the coaxial power-feeding
section aftected and the circuit controls advised of the possi-
bility of failure. The air pressure by-pass was disconnected

at the stations on either side of the bridge and air bottles
provided at each end to feed the affected section. Junction
circuits were rerouted to avoid the possibilities of total
exchange isolation. The planning engineer for the area was
called for meetings on the following day.

At the meeting on Wednesday no decision could be made
as to how the cables could be rerouted. This was due partly
to the complication of private ownership of the bridge.
Meanwhile, assuming that permission would be obtained to
lay out cable on the undamaged part of the bridge, stores
were being collected, the patching of junction circuits was
continuing, and a scheme was being prepared to provide
emergency service should there be a total breakdown. To
guard against public-supply failure aftecting the coaxial
system a mobile generator was provided at Bideford repeater
station.

By lunch-time on Thursday permission had been obtained
to lay out the interruption cables on the upstream footpath of
the undamaged section, and the damaged portion was spanned
by aerial stecls terminated on a pole on the upstream side
of the west bank and the superstructure of the bridge itself.
The main difficulty was to find suitable attachment points
on the bridge. The bridge engineer eventually agreed to the
use of the footpath corbel at the fifth pier, providing that a
“bracing” steel was passcd under the arch and fastened to
the corbel on the opposite side of the sixth pier.

A 30 ft medium pole was erected on the west bank about
twenty yards upstream, and on the east bank the concrete
carriageway was excavated for 15 yd and three duct-ways
laid to link manholes. Cable was laid out in preparation for
erecting the suspension wires at ncxt low water.

The mcthod of attachment to the bridge was causing some
concern. Besides the obvious technical difficulties of the
work there existed considerable danger to the men involved,
and there was the possibility of renewal when work on the
bridge began. A frce-standing ‘‘anchor’ was used instead,
this being constructed from a modified steel pallet loaded
with concrete blocks. On Friday morning this was placed
on the footpath adjacent to the bridge parapet, the bridge
engineer’s authority having been sought and granted. The
cables already laid out were hand lashed to the steel sus-
pension wires and drawn across the river to terminate on the
pole.

At this late stage a new problem arose. It had been intended
that the cables could cross the road on the west bank, over-
head from the pole to the parapet of the Town Hall. The
Bideford Borough Surveyor now had misgivings over the
safety of thc parapet and forbade its use. It was now late
afternoon but the difficulty was solved rather dramatically.
Within minutes of the surveyor’s decision a small gang of
workmen, employed by the contractor holding the local
contract for such work, passed the scene on their way home.
They were stopped and within a very short time the road was
being excavated. By 10 p.m. five ways of p.v.c. duct had been
laid across the road and concreted in place. Further duct .was
laid at the rear of the footway to thc manhole at the west
end of the bridge and the cables drawn in.

Arrangements were made to commence changing over on
Saturday morning and to change over the coaxial pairs on
the Saturday night. With shift working the whole operation
was completed by the following Tuesday morning.

The cables laid out on the bridge were protected using
steel capping fixed to the surface of the footpath. This pro-
tection will be necessary during the progress of repair work
on the bridge.

Tribute must be paid to the alertness and foresight of the
staff who started planning the opcration as soon as the facts
were known, and to all those who worked long hours in bad
conditions to see the task through to a successful completion.

K.L.,G.B.,and J. P.
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Associate Section Notes

London Centre

“Time Assignment Speech Interpolation (TASI)” was the
subject of a very interesting lecture by Mr. C. E. E. Clinch
on 8 November 1967. We can always be assured of a very
enjoyable and instructive evening when Mr. Clinch visits us
and this one was no exception. His description of the various
ways and mneans of making a few pairs of wires do the work
of many was first class.

On 4 December we were again assembled in Fleet Building,
this time for a talk by Mr. R. L. Moxon on *“The Post
Officc Tower and the Network of Microwave Radio-Relay
Links.” Mr. Moxon described the technical characteristics
of the links and stations as well as the construction and
layout of the equipment in the Post Office Tower. His talk
was illustrated with colour slides and proved very informative.

Mr. B. H. House and Mr. J. P. Keller were the spcakers
at our meeting on 9 January. The subject was ‘‘Organization
and Procedurc for Local Automatic Exchanges,” and
described the background to the current methods of operation
and the procedures in use for maintaining local automatic
exchanges. How the procedures can operate in practice
was also discussed, and an outline given of possible future
maintenancc techniques. The questions afterwards showed
what an interesting subject this was to those present.

The annual quiz between London Telecommunications
Region and Home Counties Region took place at Canterbury
on 17 November with Canterbury the worthy winners, having
gained 31 points against London’s 25. Both teams were well
supported and after a very good meal we all settled down to
a very enjoyable evening. We were very pleased to have
with us our President, Dr. P. R. Bray, who was Question-
master, and Mrs. Bray who presented the trophy to the
winning team. Thank you Dr. and Mrs. Bray for giving up
your valuable time to be with us. We wish to thank also the
two adjudicators, Mr. F. C. G. Greening and Mr. H. Watkins,
the scorer Mr. R. G. Wilson, and the timekeeper Mr. D.
Webber. The teams were: Canterbury—N. Sturt (Capt.),
M. Butcher, C. Gisby, K. Hounsell, E. Ralph and P. Richards;
London—-J. Featherstone (Capt.), J. Coombe, B. Simmonds,
R. Todd, A. Towner and E. H. White.

R. H. W.

Plymouth Centre

The 1967-68 session opened with a visit to the South
Western Gas Board plant at Breakwater Works, Oreston, on
14 November. This is one of the two plants in this country
which produces gas from oil using light distillate, a product
of the petroleum industry, as its raw material.

The December meceting took the form of a lecture given
by Mr. Taylor of Crypton Equipment, Ltd., entitled “Modern
Mcthods of Testing Motor Vehicles.”” This meeting, coupled
with Mr. Taylor’s tips on tuning, was greatly appreciated by
our car-owning members,

On 23 January a party of our members visited the Portal
Paper Mills at Ivybridge, this meeting also being highly
successful. The interest shown this year in the Centre is grati-
fying and we hope that our program to come will help to
maintain this interest.

J.B. L.

Swindon Centre

The 1967-68 program commenced in September with a
visit by 28 members to the Severn Bridge and the steel works
of Richard Thomas and Baldwin, Llanwern, Newport.
During the cvening, the return journey was made via the
Wye Valley to Gloucester for a social evening.

In October, a meeting attended by 17 members was given
a talk by Mr. McDonald, Area Engineer, Gloucestcr, on
“Telephone Management.” This gave a very good insight
into the work of the Area Engincer in the Post Office
organization.

For the November meeting, attended by 18 members,
Messrs. J. Bowen and R. Harvey gave a talk on “Transistors
and Their Applications.” This was very interesting, being
illustrated with slides and films.
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There was no meeting in December, but in January 1968,
a visit was made by 10 members to the Metal Box Co.
(Plastics Division), Swindon.

W.H. B.

Sheffield Centre

The membership of the Centre is now approximatcly 300,
and the keen interest which is taken in Centre activities is
very gratifying. The Magazine Club continues to be a popular
facility.

A varied program had bcen arranged for the winter
season and thec first item was a visit to A.E.I. Traction
Division. At these works, modern production lines and high-
precision work are combined in the manufacture of generators
and motors. The party also had an interesting preview of an
electrically-driven car.

On 4 October a party of 40 members attended the Leeds
University regional lecture which was entitled ‘““T'omorrow’s
World of Communications’ and was presented by Mr. W. J.
Bray, Head of Research, Dollis Hill. Later the same evening
Honorary life membership of the Associated Scction was
conferred on our ex-trcasurcr in recognition of his long
scrvice to the Centre, and an essay award to Mr. H. Yearle
for his paper ‘““A Short History of Magnctism.”

Mr. K. Grainger paid a return visit to the Centre on 19
October to present a paper entitled ‘““Pulse-Code Modulation.”
Some 50 members attended on this occasion.

Adverse weather prevented Mr. J. V. Day from addressing
the Centre on ‘“Promotion Procedure’” on 23 Novembcr,
but fortunately Mr. Thompson, Telephone Manager, was
able, at short notice, to talk on the same subject to an appre-
ciative audience of 63 members.

On successive weeks in Deccmber, two parties of members
visited the G.P.O. Television Switching Centre at Manchester
to obtain an insight into its operation and enjoy also the
Lancashire hospitality offered by their hosts. The parties also
visited Granada T.V., Limited, Manchester.

A joint paper entitled ‘““Communications at Eldon House,”
the Sheffield Telephone Switching Centre, was presented on
14 Dccember by two of our colleagues, Messrs. B. A. Sargent
and C. J. Bingham. Present working and future development
were covercd and a lively discussion ensued.

An enjoyablesocial was held at Eldon House on 27 January.
Entertainments catered for all ages and included a film show
and a variety of games. A buflet supper was provided.

K. H. B.

Wales and Border Counties Centres

A Regional Meceting of Associate Section Officers was
held in Cardiff on 25 January 1968. This proved to be a most
valuable opportunity for interchange of ideas betweecn many
who live very far apart and meet but rarely. The Chief
Regional Engineer stated that he was pleased that so many
centres were obviously very healthy, active and well sup-
ported by their members. He hoped that this situation would
continue. He noted particularly that there had bcen very
successful and well-attended special meetings and events in
Hereford, Cardiftf and Chester, and very scenior officers had
been guest speakers. There was a very full discussion regarding
ways and means of maintaining successful centres, and officers
from centres perhaps a little less fortunate in this respect were
able to gain inspiration and idecas from their colleagues.

A special lecture ‘“Telecommunications of the Future,” by
Mr. W. J. Bray, Director of Research, is arranged for 26 April
1968, and it is confidently expected that over 200 members in
South Wales will be attending. The largest lecture threatre
in Cardift University College has been booked for this
occasion.

C.T. L.

Edinburgh Centre

On Monday, 6 Noveinber, the Centre heard an informat
talk on ‘““Engineering Promotion Procedure” by Mr. W. E.
Adams, T.H.Q. Scotland. The system of appraisements was
discussed and members were shown the type of form used.



The meeting was well-attended and everyone present enjoyed
the talk and the lively discussion which took place later.

On Thursday, 7 December, a visit was made to Kincardine
generating station, which is situated on the north bank of
the River Forth, Sufficient interest was shown on this trip
to plan a visit to another coal-fired generating station at
Cockenzie.

Mr. Candlish of Elliott Automation, Ltd., was our guecst
speaker on Wednesday, 10 January. Mr. Candlish gave a
talk on “Microelectronics.” The talk was illustrated by a
film and slides made at the firm’s laboratories at Glenrothes,
Fife. The film used was shown on ‘“Tomorrow’s World” on
B.B.C. 1 last year. This proved to be a most interesting and

enjoyable talk.
G.A. K. R.

Glasgow Centre

We have now completed more than half of the session’s
program and attendances have been good, especially at our
first meeting. Here we hcard a talk entitled “Dial House
Project—Glasgow” by Mr. W. J. G. Barnett, Glasgow T.A.
Later talks have included ‘““Computers,” ‘““Teleprinters,” and
“Pulse-Code Modulation,” *‘Transatlantic Communica-
tions,” and “The New Look on Maintenance.”” Our annual
general meeting is in May.

The Centre is again running a Local Essay Competition,
the closing date for entrics being 31 May 1968, and we are
hopeful of a good response.

Mr. R. M. Fraser resigned as secretaxy in October 1967
for reasons of health, and all who know Bob thank him for
all the good work he did for the Glasgow Centre over the
past 4 yecars.

J.S. M.

Exeter Centre

Attendance so far this year has been good, although not
as high as was hoped. Our first talk of the winter session was
given by Mr., D. Maynard (Deputy Chief Public Health
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Inspector, Exeter City Council). The talk, cntitled “The
Work of the Public Health Inspector,” proved most enlight-
ening. Doubtless, members were aware of the field that this
public service covers, but few had given a grcat deal of
thought to the subject and were consequently surprised to
hear how varied the work can be.

The December meccting hecard a paper given by Messrs.
M. Doherty and N. Fletcher entitled ‘“Modern Rodding and
Cabling Methods.” 'T'he paper covered all aspects of rodding
and cabling, and explained in detail some of the problems
that have yet to be solved. Slides illustrated various
mechanical aids used in modern techniques.

We are indebted to the speakers for an enjoyable and
intcresting evening.

T. F. K.

Oxford Centre

This centre was reformed on 26 September 1967 after a
lapse of over 20 years. At our inaugural meceting the
following members were elected: Chairman: Mr. B. V.
Wilsdcn; Secretary: Mr. D. A. Green; Vice-Chairman and
Treasurer: Mr. A. Shepherd; Conunittee: Messrs. Blyde,
Heritage, King, Searies, Harrison and Woodford. At the
moment our membership stands at over 100, which is a very
encouraging starting figure.

Our meetings so far have included talks on “Pulse-Code
Modulation,” by Mr. G. Bennett, “Crossbar Switching,” by
Mr. R. Fenn, and “The American Communications System,”
by Mr. D. Cotterill. We have also seen a selection of technical
films.

Future events include visits to the V.C. 10 flight simulators
at the R.A.F. Brize Norton station, and to Didcot Power
Station, and a talk on ‘“Tape Recording’ by Mr. Ray Stanton-
King. Our first annua! general meeting will be held on
23 April 1968.

Oxford Area staff who arc not alrcady members can
obtain application forms from any committee member or
come along to one of our meetings.

D. A.G.
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Model Answer Books

Books of mode! answers to certain of the City and Guilds of
London Institute examinations in tclecominunications are pub-
lished by the Board of Editors. Details of the books available arc
given at the end of the Supplement to the Journal,
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MARGONI high performance
90 EARTH STATION

Complete system service
Modular construction
Exceptional reliability‘

\ \

Integration and over-all station design meet full
INTELSAT standard.

@® Figure of merit G/T: Better than 40.7 dB at
5° elevation.

@ Cassegrain type feeds— monopulse or conical scan
available.

@® Unique quasi-paraboloid reflector for high
efficiency—aluminium or stainless steel surfaces.

@

THE QUEEN'S AWARD 10 INOUSTRY
1966 19907

@® Mounts: Fully steerable-—elevation over azimuth.
Hour angle declination—covers equatorial
satellites.

@® Transmitters: Either TW.T or Klystron type — wide

Marconi—space communications systems
and narrow instantaneous bandwidth.

The Marconi Company Limited,
Space Communications Division, Chelmsford, Essex

AN 'ENGLISH ELECTRIC' COMPANY

@® Receivers: Helium-cooled parametric amplifier.
Threshold demodulators,

LTD/P52
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Pye Telecommunications Limited designed, tested
and produced the Pocketfone, Britain’s first
truly-portable u.h.f. radiotelephone system.

Performance, reliability and impressive signal
penetration in built-up areas have been proved
under arduous service conditions by police and

security services in Britain and overseas.

The Pye Pocketfone has a myriad applications in

government, industry and commerce. Export orders
emphasise Britain’s lead in this vital field of

radio communication. Pye and Pye alonc are organised
and able to meet demands for any application—
anywhere in the world.

Nt
b

PYE TELECOMMUNICATIONS LIMITED - CAMBRIDGE - ENGLAND - TELEPHONE 0223 61222 «+ TELEX 8116

P19



STC Telecommunications

s

Deep down there
continents are talking

Just one fault—and
they’'d stop

STC has never lost a
continent

... quite a record!

Almost half the world’s submerged telephone repeaters
are ours; over 1,000, with a combined service record
of 3.500 unblemished years. And, moreover, we've
supplied enough cable to stretch right around the
world.

Two-way repeater techniques — now the world
standard — were pioneered by STC in co-operation
with the British Post Office. Our position as the lead-
ing supplier of submarine cable systems and as an
innovator of new repeater and cable technigques is
now undisputed.

Current orders stand at over £32 million for systems
linking South Africa to Portugal, Portugal to U.K,
[taly to Smwain, Italy to Sardinia. Germany to Sweden
and Sicily to Tripoli. Three of these will incorporate
our very latest development—transistorised repeaters
and terminal equipment that permit up to 640
simultaneous two-way telephone conversations. STC
has also provided systems for NATO use in the
Mediterranean area.

Locations: STC Submarine Cable Division, South-
ampton, Hampshire, STC Submerged Repeater
Systems Division, North Woolwich, London. STC
Testing Apparatus and Special Systems Division,
Newport, Monmouthshire.

All enquiries to: Standard Telephones and Cables
Limited, Submarine Systems Marketing. North
Woolwich. London, E.16. Telephone: 01-476 1401.
Telex: 21645.




STC Telecommunications

Set and forget

How often have you wanted to concentrate en the
testing problem instead of the operation of the
instruments. Often ?

Now you can—with the 74308-A Oscillator and its
assoctated 74309-A Selective Level Measuring Set.
Designed for testing audio, open-wire, balanced-
pair and up to 300-circuit coaxial systems—the
Oscillator features five bands with sufficient width to
eliminate changing over when testing a particular
system. And a special signal provides automatic
tracking with the S.L.M.S.—so there’s no need to
constantly re-tune.

Both instruments have all the best features. We'll
rush the advance information to you if asked. So
ask. Do. Standard Telephones and Cables Limited,
Testing Apparatus and Special Systems Division,
Corporation Road, Newport, Monmouthshire. Tele-
phone: ONE 3 72281. Telex: 49367.

Always on the air— ignoring
the ionosphere

Long distance HF radio telephone links need speech-
operated gates to prevent ‘singing’. Result—inter-
ference, interruption or even complete shut-down
when radio noise and fading are troublesome.
LINCOMPEX (develeped from a basic idea of the
B.P.O.) enables almost any conventional four-wire
radio telephone system to use Companding tech-
nigques, as it features a constant net loss system.
Result—optimum transmitter loading, high signal-to-
noise ratio, extended traffic handling capacity.

Voice frequencies are transmitted at constant ampli-
tude. Voice amplitude variations modulate a variable
frequency oscillator, providing a constant amplitude
control tone transmitted alongside the frequency
signal.

A special feature of STC LINCOMPEX is the remote
switching of privacy systems with automatic delay
compensation. All performance parameters are in
accordance with BPO specifications.

LINCOMPEX costs are rapidly recovered by the
increased revenue resulting from egreater usage time.
A brochure gives full technical details. Write, phone
ortelex to: Standard Telephones and Cables Limited,
Testing Apparatus and Special Systems Division,
Corporation Road, Newport, Monmouthshire. Tele-
phone: ONE 372281. Telex: 493@7.
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STC Telecommunications

' TELEPHONE
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Everyone wants the Pentaconta* system

Pentaconta® is the world’s most advanced Crossbar uous development and improvement. We're always

automatic telephone switching system. So naturally trying to make it smaller, faster, cheaper and more

the whole world wants it and systems are already reliable. And succeeding.

installed in over 76 countries, Standard Telephones and Cables Limited, Telephone

We're increasing manufacturing capacity to putin alot  Switching Group, Oakleigh Road. New Southgate,

more. And that's not all. Pentaconta® is under contin- L%[W{_i%)_né\lu : Tkelephone:m -368 1234 . Telex: 21612,
rade Mar

il
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STC Telecommunications

STC makes girls light-
headed

STC makes headsets that are so light and comfort-
able some telephonists forget they're wearing them.
They can nod, shake, shrug er frug and the head-
set stays put.

The exclusive STC ’'Rocking Armature’ principle
improves sensitivity and frequency response. So
STC headsets work better (and so do telephonists).
All told, STC headsets make telephonists happier,
and more efficient.

Made of nylon plastic and virtually unbreakable,
the headsets are available in black and grey (colours
approved by the GPO) and ivory.

Write, phone or telex for leaflet D/104 to: Standard
Telephones and Cables Limited, Telephone
Switching Group, Oakleigh Road,
New Southgate, London, N.11.
Tel: 01-3681234. Telex: 21612.

‘phone. Or on bed-side extensions at home you can

STC’s Deltaphone glows in
the dark. .. with pride

The Deltaphone can have a luminescent dial. So
when the lights fail at the office, you can still see to

dial without turning on lights and waking the wife.
Nobody gets disturbed when the Deltaphone rings,
either. Mainly because it doesn‘tring. It just warb/es
at the volume you set. In fact the Deltaphone is a
very sociable instrument. People like it because it's
slim-—at 4-3 inches it's only a fraction wider than
the dial. And the 4-ounce handset is only half the
weight of a conventional one. So it's twice as nice
to hold.

Add the Deltaphone’s restrained colours, its elegant
shape—and its exacting technical specification—
and you have an irresistible telephone.

Standard Telephones and Cables Limitcd, Telephone
Switching Group, Oakleigh Road. New Southgyate,
London, N.11. Telephone: 01-368 1234. Telex:
21612.
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Our first 4AMHz system dates from 1955

At that time we called it 4 Mc/s—probably you did, too.
Plus ca change . .. but in this case not/a méme chose:
because this one is different.

It's the Plessey 960 channel system and it is fully
transistorised. Self-contained, sealed, buried repeaters
are power fed over the centre conductors of the coaxial
tubes. Nominal cable section attenuation is 42.5dB at
4MHz. Also there’'s a compatible range of multiplex
equipment.

More than that, Plessey design and make everything

from individual components to the finished system.
It gives better results. And Plessey, a major supplier to
the British Post Office and many other administrations,
can provide service facilities throughout the world.

Plessey could look after your problems, too. Consult
us at:

The Plessey Company Limited

A T & E (Bridgnorth) Division, Bridgnorth, Shropshire
Telephone: Bridgnorth 2521 Telex: 33373

PLESSEY Electronics

f@PE(RT)IZ
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The world s fi rst 480 circuit

Submarine Telephone System
Norway-Denmark

The world’'s first 480 circuit submarine telephone
cable system went into operation on October 9th,
1967 between Norway & Denmark. The contract
was carried out by an all-British company,
Submarine Cables Limited who manufactured
the 80 nautical miles of cable and 10 transist-
orised repeaters. The special terminal equipment
was manufactured by AEIlI Telecommunications
Group. The cable was laid by the Post Office
cableship ‘Monarch’ under charter to Submarine
Cables Limited. The successful completion of this
contract is proof that all-British enterprise is still

5 e R Ay The Post Office cableship ‘MONARCH’ passes the Royal Nava,
ahead in this important field of activity. College Greenwich on her way to lay the Norway-Denmark Cable.

Submarine Cables Ltd

{on AE! Company) GREENWICH, LONDON, S.E.10.
Telephone: 01-858 3291 Telex: 23687 Cables: Moorings London S.E.10.
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TYPE 62

FULL RANGE

7 TO 14 DAY DELIVERY

o e

HIGH PRECISION MECHAN

|CS FOR INSTRUMENT ELECTRONIC
AND AUTOMATION INDUSTRIES

TELECOMMUNICATIONS
MECHANICS :

. " ?T‘ e . e s

G.P.O. APPROVED ST 4 |

. il e
IMMEDIATE QUOTATIONS AND — e
TECHNICAL SERVICE
SHELF ASSEMBLIES

o 41
i % ’f’ $
i T
P.C.M. TRANSIT JIG TYPE 42 TO 62 CONVERSION

THAMES ROAD, CRAYFORD, KENT

CRAY ELECTRON'CS LTD TELEPHONE: CRAYFORD 26526




P1LuUGS, SOCKETS, JACKS —in all sizes and for every purpose —are made by Illustrated from left to right
the Special Products Division of Astralux Dynamics Ltd. They’re chosen 1 Plug 316 2 Plug 406
by the British Government and approved by the Post Office and Aircraft 3 Piug 235 & Jack 84A
Industry. The special Astralux decign service forprototype models is used by 5 Plug 420 6 Jack 95A
these organisations and by private industry. You can rely on Astralux Z Socket 626 with Hex. Nut
efficiency and technical accuracy to produce cquipment strictly to specifica- 8 Plug 671 9 Socket 626
tion —and quickly. Plugs, Sockets and Jacks are just some of the products 10 Plug Electrical 119

of a company strcamlined to serve world-wide industry today. Learn more 11 40-way Connector
about what Astralux can offer yow. Write to us for descriptive literature. male and female

ASTRALUX dynamics limited
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Tells You How to Pass Your C. & G.

Examination at First Attempt !

All Post Office personnel who are anxious to
obtain early promotion sheuld at once send for a
copy of our handbook “ENGINEERING OPPOR-
TUNITIES” which, among other intensely inter-
¢sting matter, describes our unique methods of
preparation for the CITY AND G DS EXAMI-
NATIONS for the Telecommunication Technicians’
Certificate and for individual subjects—NMathe-

VALUABLE FREE BOOK
)

E Fﬂ matics, Engineering Science, Engineerlng Drawing,
P Elementary Telecommunication Practice, Tele-
U communication Principles, Radio and Line Trans-

mission, Telegraphy and Telephony, Line Plant
Pmctice, It alse contains details of our courses
covering the G.C.E. subjects required for promotion
to Assistant Engineer, Telecommunication Traflic
Superintendent and other grades; and the City
and Guilds examinations in Electrical Engineering
Practice, the AMIER.E. and S.E.
Eszaminations, in addition to a wide range of
non-examination courses in all branches of
engineering—Radio and Electronics, Electrical,
Mechanical, etc.

We also provide tuition for the Radio
Amateurs’ Examination and the P.M.G.
Certificates for Radio Operators, with
or without Morse training. Details are
given in the handbook.

On “SATISFACTION OR
REFUND OF FEE” terms

If you intend to make the most of today's oppor-
tunities, you cannot afford to miss reading “ENGINEER-
ING OPPORTUNITIES.” It tells you everything you want
to konow to secure advancement, and describes many oppor-
tunities you may now be missing through lack of information.
Send for your copy today—FREE and without obligation.

BRITISH INSTITUTE

OF ENGINEERING TECHNOLOGY
727D ALDERMASTON COURT,
ALDERMASTON, BERKSHIRE

ENGINEERING OPPORTUNITIES

TELEX
R. W. Barton 70s net

The increasing use and importance of Telex equipment
on an international scale has led to a demand for a more
comprehensive treatment of this subject than is given in
the book Telegraplhy. This book provides a detailed study
of the Telex system of the British Post Office and the
methods adopted for inter-working with the Telex systems
of other countries. Primarily for engineers and students,
it will also be valuable to those engaged in traflic and
operational aspects.

RADIO AND LINE TRANSMISSION (A)

D. C. Green 45s net

The title of this book is that of the second-year require-
ment of the City and Guilds Telecommunications Techni-
cians’ course 49, and the book covers the requirements of
that course in a simple and comprehensive manner. Many
worked examples are included in the text, and each
chapter concludes with a number of past examination
questions. Besides its obvious value £r the City and
Guilds student, the book should also help O.N.C. students
who wish to gain some insight into the field of radio.

ELECTRIC WIRING DIAGRAMS

R. H. Ladley 25s net 6th edition

This new edition is fully up to date with the fourteenth
edition of the I.E.E. Wiring Regulations and contains an
abundance of information for student, teacher, electrician
and electronic engineer alike. It is a volume the practical
man should never be without. For this reason it has been
produced in the smallest reasonable format and in spite
of its compact form it is probably the most comprehensive
book of its type.

PITMAN Books

Psst.. fancy something
ve-ry special,
ve-ry exceptional ¥

Your contact is E.D.C. for motors and generators you
can’t buy from stock.

£.D.C. specialise in ‘made-to-measure' AC and DC
motors and generators. Squirre!l cage motors, for example,
are made for a wide range of horsepowers, and all motors
can be watertight or flameproof. If, for you, silence is
golden, then motors can be super-silent and, if you wish,
shockproof up to 240 G|

Perhaps yours is a mechanical fixing problem. This
again is something we can solve for you.

There isvirtually no limit to the 'specials' we undertake
—they are no problem to us. We are set out for it.

Please send me more details of your
purpose-made motors and generators.

’ Address

ELECTRO-DYNAMIC CONSTRUCTION CO. LTD.
ST. MARY CRAY, ORPINGTON, KENT. Tel: 27551

P8475



Elliot-Automation
Integrated Circuits

score onallpoints

DL S

Thisis the most widely used of all integrated

circuit families.

DTL operates under the most severe environmental
conditions, giving a consistently reliable
performance. Elliott DTL is subjected to the
following tests as standard practice :

100% Hermaticity test to 5 x 10-7 standard
cc/sec of helium
100% D.C. Test

100% Temperature Cycling Test — 3 cycles
-65°C to +200°C

100% Centrifuge Test 20,000g on the y axis
In addition:

100% A.C. Tests if required

100% Burn-in if required

MOS.T.

Thisisundoubtedly the integrated
circuit of the future.

The advantages of M.O.S.T. include
low cost per function and high noise immunity. In
addition to the standard products listed below,
custom-built circuits can be manufactured to
realise maximum cost effectiveness.

MAQO?T 4 Input + 2 Input NOR Gates
MAQO3 Analogue Switch
MA10 Oual 8-8it Shift Register
M101 P-Channel Field Effect Transistor
M201 Dual P-Channel

Send forthese M.0.S.T.devices (avaiiable from

stock), experiment with them and assess their
advantages for your own applications.

in addition to DTL930 and M.O.S.T., the Elliott range of integrated circuits includes TTL 8000 and Linear A7700 Series.

Elliott-Automation Microelectronics Limited

Elstree Way, Borehamwood. Herts.Tel: 01-953 2040 (Extns. 2323 and 2489) Telex 22777

[lllu I I .A“InMAIIuN Glenrothes, Fife, Scotland. Tel: Glenrothes 3511 Telex: 72414
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single, ﬁiultipie
or continuous runs

leading suppliers
to the
telecommunication
and electrical
industries

SELF-LOCK LTD

.|._4

—
-1 H H

[t's not unusual to sound off about extraordinary achievements. So
we're taking time out to say that Connollys have continually sup-
plied telephone cables to the British Post Office for over 68 years!
We also supply cables to most countries abroad.

Want to make a hit? . ..then swing to Connollys for yourcable needs.

CONNOIL.L.YS

Connollys (Blackley} Limited Cable Division
Blackley, Manchester 9. Tel: Cheetham Hill 1801

@ CL73
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G.E.C. (Telecommunications) Ltd., of Coventry, England is a world leaderin the field of
telecommunications. This large industrial complex, backed by the vast resources of its
parent, The General Electric Co. Ltd. of England including a virile research and develop-
ment organisation, is fully capable of undertaking complete contracts, including the
manufacture and installation of a comprehensive range of telecommunications equipment,
surveying, planning, maintenance, and the training of personnel.

capability in telecommunications

G.E.C. can demonstrate the proven ability to undertake complete contracts on a “turnkey’
basis for the supply of completely integrated national telecommunication networks in
many different parts of the world.

equipment with

- acceptance

One of the major contributions made by G.E.C. to the advancement of the world’s
communications has been in the field of transmission equipment. In particular, the intro-
duction of semiconductored microwave radio equipment is an advance of fundamental
importance. This equipment, with its inherent advantages of greatly improved reliability,
lower maintenance cost and substantially reduced power consumption, enables the many
advantages of solid-state techniques to be fully exploited.

Advanced design in

G.E.C. SHF broadband radio equipments Types SPO 5558 A and B are examples of the
range of microwave equipments available. Both equipments are semiconductored, except
for a travelling wave amplifier output stage providing a 10 watt output, and operate in the
frequency band 5925 — 6425 MHz. The equipments conform to CCIR recommendations.
The Type A version of the equipment can provide up to 1800 high quality speech circuits
or 405, 525 or 625 — line high definition television in colour with one sound channel,
or monochrome with up to four sound channels. The Type B version can provide up to
960 high quality speech citcuits or 405, 525 or 625 — line colour or monochrome
television with one sound channel. Both equipments are designed specifically for high-
capacity, high-density long haul applications. One of the recent examples of the application
of G.E.C. 6000 MHz equipment is described overleaf, followed by a specification summary.

Takes telecommunications
96 ‘ _a into tomorrow
* 5 2 | GEC-AEI Telecommunications Limited
| of Coventry, England.
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G.E.C. Microwave Systems in Greece

New 730 km (450 mile) route
Broadband r.f. channel 6000MHz
Auxiliary r.f. channel 6000MHz

-Broadband r.f. channel 7500MHz

Routes in service or being installed
Broadband r.f. channel 6000MHz

Aucxiliary r.f, channel 6000 MHz

Broadband r.f. channel 2000MHz

Terminal and intermediate switching stations,
Repeater stations,

MT. PARNIS

]
AG. NIKOLAOS
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The ancient Greeks used the word ‘Mlkpﬁg’(or ‘micros’), meaning small, long
before microwave equipment had been dreamed of. Today, modern Greece is
served by up-to-date microwave radio links in which equipment made by
G.E.C. (Telecommunications) Ltd., of Coventry, England, plays a leading part.

The most recent example is the 450-mile (730 km) system between Dholiana,
on the mainland, and the island of Crete, for which the Hellenic Telecom-
munications Organisation have specified G.E.C. broadband radio equipment.
6000 MHz equipment, which makes optimum use of semiconductor techniques
to ensure increased reliability, reduced power consumption, and minimum
maintenance requirements, will be supplied for the main route. Two r.f. bearer
channels will be provided, one working and one standby, each with a capacity
of 960 telephone circuits, and with automatic changeover in the event of
degradation of the signal below a predetermined level. The capacity of this route
can be extended, when necessary, to a total of three working channels and one
standby. In addition a separate auxiliary radio equipment, also operatingin the
6000 MHz frequency band, provides 60 telephone circuits for intermediate
stations independently of the main through traffic and also a bearer circuit for
a supervisory order-wire and remote control and alarm facilities.

On Crete, the spur routes will be equipped with completely semiconductored
7500 MHz radio equipment operating on a ‘twin-path’ basis with a capacity of
300 telephone circuits.

The installation of this important new link between the Greek mainland and
Crete will be supervised by G.E.C. engineers, and Greek engineers will be
visiting G.E.C.’s headquarters at Coventry, England, for training in the operation
and maintenance of this new equipment.

G.E.C. microwave systems already link Patras with the island of Corfu, Athens
with Mount Parnis and the island of Syros, and Larissa with Mount Pillion.

Takes telecommunications
into tomorrow

GEC-AE! Telecommunications Limited
of Coventry, England.
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brings latest techniques
to 6000 MHz equipment

Specification summary
S.H.F. Semiconductored Broadband
Radio Relay Equipment SPO 5558 A & B

Radio
Characteristics
Operating Frequencies:
5925 MHz — 6425 MHz
(C.C.I.R. recommended).
Transmitter Output:

10 watts nominal.
Transmitter Input:

0.3 volt r.m.s. (70 MHz).
Receiver Bandwidth:

+ 20 MHz at 3db points.
Receiver Output:

0.5 voltr.m.s. (70 MHz).

I.F. Input and Output Impedances:

75 ohms.

Baseband
Characteristics

(i) Telephony

Capacity:

(A) Up to 1800 channels.
(B) Up to 860 channels.
Baseband Frequency:

(A) 300 kHz to 8248 kHz.
(B) 60 kHz to 4028 kHz.
Continuity Pilot:

(A) 9023 kHz (B) 8500 kHz.
Gain Stability:

+ 0.2 db over one day.

+ 0.5 db over one month.
Pre-emphasis:

To C.C.I.R. Recommendations.
Mean Deviation:

(A) 140 kHz r.m.s. at channel
test level.

(B) 200 kHz r.m.s. at channel
test level.

“one sound channel or TV monochrome

(ii) Television
Capacity:
(A) One high definition TV colour +

+ four sound channels.

(B) One high definition TV colour + one
sound channel or TV monochrome + one
sound channel.

Video Input and Output Impedances:

75 ohms.

Video Input Level:

Nominal 1 volt peak-to-peak
(Adjustable £ 3 db relative to nominal).
Video Output Level:

Nominal 1 volt peak-to-peak
(Adjustable = 3 db relative to nominal).
Pre-emphasis:

To C.C.I.R. Recommendations.

Sound Channel

Sub-carrier Frequencies:

(A)7.00 MHz, 7.36 MHz, 7.74 MHz

and 8.14 MHz. (B) 7.5 MHz.

Powver Regquirements

Supplies:

24 volts d.c. In-built d.c. voltage regulators
cater for supply variations of

21.8 volts to 28.15 volts.

Equipment Consumptions;

SHF Radio Rack, comprisine SHF
transmitter/receiver, meter unit, associated
power units and a 24V/AC inverter.

(A) 13 amps (B) 12 amps. Each pair
duplicated modulators 2.5 amps.

Each pair duplicated demodulators

1.5 amps.

e
6000 MHz Trans[Rec. Rack

Takes telecommunications:
into tomorrow

GEC-AEI Telecommunications Limited
| of Coventry, England




Light colourfui attractive
Plesseyphone is designed for
easy use—in industry,
commerce or the home.

Plesseyphone cuts
maintenance to a minimum.
Removal of one screw
separates the case and its
integral dial from the base.

Plesseyphone design is
based on simplicity of
components and assembly.
Maintenance is easy and spares
are always readily available.

Plesseyphone is lightweight,
and easily carried.

Plesseyphone isconsiderate.
It incorporates a loud bell-
whose volume is easily
controlled by a lever at the side
of the base—so that no-one is
deafened by its ringing.

Plesseyphonehasafunctional
handset designed to C.C.I.T.T.
recommendations-light,
clear-tone, mouided to fit
mouth, ear and hand perfectly.
And it's easy to clean.

Front handset cord prevents
accidental cancelling. An
ambidextrous telephone.

Four non-slip feet make
sure that Plesseyphone stays 13
where it's put down.

Plesseyphone is versatile.
Suitable for automatic or CB
exchanges, shared service, or
operator recall systems.

Get communications
flexibility at low cost-specify
Plesseyphone. Easy to install,
to use, and easy to service.

Like to know more? Send for
ourillustrated brochuretoday. :
1 Justfill in the coupon. e e i

Plesseyphone

the most versatile low-cost telephone in the world

PLESSEY

Please send me the full story of the low-cost PLESSEYPHONE, as described in

the illustrated brochure.
Name

Telecommunications | 0t

The Plessey Company Limited
Telecommunications Group
Beeston, Nottingham, NG9 1LA, England

Telephone: 254831

Address

Telex: 37666

@ PT(sA)e1
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®
THE REED ELECTRONIC EXCHANGE
No. 18 system

packs more lines
into less space—
AND LEAVES ROOM

FOR UNLIMITED
EXPANSION

REX in a nutshell

By providing electronic common control
of reed relay spatial switching, the REX
system offers an extremely compact and
reliable solution to both the switching
and control problems of modern
exchange design. The REX exchange
has been developed by AEI to integrate
smoothly with existing automatic
networks: its exceptional flexibility
ensures full growth capacity for boih
services and traffic . . .

Wider range—
more accessibility

An entirely new Reed & Electronic
Modular Apparatus practice (REMA)
has been designed by AEl engineers to
provide completely compatible
mounting of reed relays and electronic
circuit components. Combined with a
new sliding-frame mounting system, the
REMA practice allows more than 20,030
lines of REX switching equipment to be
accommodated in the space normally
required by a 10,000 line electro-
mechanical exchange. In existing
buildings this means more space for
future expansion : in new exchanges it
makes possible greatsavingsin
construction and installation costs. And
because the REX subscriber's line circuit
can tolerate substantially wider line
conditions, a REX exchange will serve
an area much larger than that ofa
conventional exchange, with significant
reductions in line plant investment.

Designed for expansion

The basic designallows for all future
switching requirements, including
abbreviated dialling and subscriber's
automatic transfer, together with all
current standard features such as data
for automatic message accounting. A
stored programme control is provided
to expedite inclusion of these and any
other special facilities that may be
required during the life of the excharnge
with virtually no redundancy of initial
apparatus.

Minimum maintenance

The high-speed electronic control
system is programmed to give complete
automatic self-checking and self-
reporting of fault conditions and at the
same time, routes calls away from areas
of faulty equipment. A 3,000 (ultimately
7,000) line prototype reed electronic
exchange supplied to the BPO at
Leighton Buzzard,* has been designed
for completely unatlended operationanc
reports all servicing requirements to a
remote maintenance control centre.

Maximum service security has been
ensured by exhaustive circuit design
and testing during the development
period and by replication of important
items of equipment. The control area is
sub-dividedintoindependentlyswitchec
functional units thus ensuring continued
operation in the face of faults. Thanks to
the REMA system every part of the REX
exchange is accessible for inspectio

or servicing.

* Developed in conjunction with the BPO

under the auspices of the Joint Electronic
Research Committee.



SOPHISTICATED
ELECTRONICS—
BUILDING BLOCK
SIMPLICITY!

The REX switching element

The basis of the REX system is the reed-
relay switching element. It contains only
nine different piece parts, compared
with 200 in a bi-motional selector, and its
very simplicitymakesituniquelyreliable.
There's nothing to wear outand itis
sealed completely against dust and
atmospheric pollution.

The REX switching matrix

Switchingmatrices can be builtup in any
form simply by clipping reed-relay
crosspoints together. Thus unlimited
provision for the growth of lines and
links is built ir:to the REX system.

The REX switching unit

Basic switching arrays are built up out of
matrices and are arranged in parallel to
form a REX switching unit, Typically, a
1,000-line four-section unit would serve
a community with an average calling
rate of 150 call seconds per line in the
busy hour ; other calling rates can be
accommodated by varying the number
of sections.

The multi-unit REX
exchange

Switching and linking arrangements are
provided for all sections of each unit so
that complete crosspoint path intercon-
nection is made betweenall lines of the
REX exchange. The special linking
patternadopted can cater for all traffic
patterns whilst retaining simplicity of
control.

REX electronic control

The REX electronic control has three
main areas of activity:

Scanners and Registers : To determine
the source and final destination of a call.

Markers and Interrogators : Concernec
with interrogating the state of crosspoi
paths and marking these paths through
the switching sub-units.

Common Control : Processes the neces
sary call setting data inaccordance witi
instruction from the stored programme
control so that the calls are routed with
rmaximum utilisation of the switchine
networks.

Information for
administrations

The AEI REX Information Serviceis

one of the most comprehensive
programmes ever offered. In addition t
brochures and full technical data, AEI
will gladly arrange for their lecture tea
to visit the engineering staff of intereste
administrations to provide an introduc-
tory course on basic REX principles.
Later, key personnel would receive ful
training both at AEI's UK factories and
on-site during installation. Training
schools staffed and maintained by AEI
are also under consideration for
territories where reed electronic
exchanges are proposed as standard,

Please write for
full details

Public Telephone Systems

Department {Electronic)
Telecommunications Group
Associated Electrical Industries Limited
Woolwich, London SE18.

Tel : Woolwich 2020

REX is 8 UK registered trade mark.

AX.X

TELECOMMUNIGATION:
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—pioneers

of S.S.B and I.S.B
—announce the
newest in an

extensive range | The new HYDRUS
of receivers high quality
low-cost

H.F receiver

for international
point-to-point
services

FREQUENCY RANGE 1.5 TO 30 MHz
.S.B, $.5.8B, D.S.B, F.S.K, C.W

HYDRUS offers

Y Exceptional versatility
Y Very high reliability

% All solid-state, incorporating
the latest field effect
transistors

% High stability

‘ % Frequency synthesis tuning

% Fast re-tune and change of
operating mode

% Panclimatic operation

% Available for operation in many
transmission modes

610
nnnnnnnn

The Marconi Company Limited
Radio Communications Division
Chelmsford, Essex, England

AN ‘ENGLISH ELECTRIC' COMPANY

| Dual diversity version LTD/HEI




MST@SUCCESS

SALES NOW
EXCEED
£10,000,000

More and more
countries are buying
Marconi Self-Tuning
h.fsystems...

and one good reason is:

MANPOWER

B Centralized station control by one man
who need not be technically skilled.

8 Full remote control of transmitting
and receiving complex extends this
concept to allow complete stations to
be unmanned on a routine basis.

@ Built-in MST reliability means that
only a nucleus of high grade
technicians required to service a full
h.f complex.

B Reduction of manpower require-
ments can be of the order of 5 to 1.

ECONOMY IN SKILLED

and other good reasons are:

Reduced capital outlay

MST designs reduce demands for space, and need
for standby equipment. |nstallation costs are
decreased.

Increased reliability

Maximum use of solid state techniques plus the
use of wideband amplifiers reduces number of
moving parts, gives higher reliability and longer
equipment life.

Traffic interruption reduced
Frequency changes and retuning accomplished in
less than one minute without loss of traffic.

World-wide acceptance

30 countries throughout the world have orderec
more than £10,000,000 worth of MST equipmen
to improve their communications services.

Marconi telecommunications systems

The Marconi Company Limited, Radio Communications Division, Chelmsford, Essex, England

LTD/H76}

AN 'ENGLISH ELECTRIC' COMPANY
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TCL produces all types

of dry core and plastic cables,

serves the GPO and

organisations in 75 countries
throughout the world.

A complete technical advisory
service is available.

Telephone Cables Limited,
Dagenham, England. Tel: 01-592 6611
Cables: Drycore Dagenham

The organisation with 130 years’ experience.
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Radio towers

Fixed, portable and
telescopic masts

Feeders

Aerials (LF to HF):
rhombics, dipoles,
quadrants, T-aerials,
wide-band aerials,
fixed log periodics,
rotatable log periodics,
omnidirectional aerials.

VHF to microwave aerial
systems : yagis, ground plane,
helices, dipoles, parabolic
dish aerials

acruttor

AERIAL SYSTEMS GROUF

Passive reflectors

Filters

u complete

Air-cooled transmitter loads

3 L]

Site layouts and installation (LF to M icrowaves)

with installations
in all continents

TELECOMMUNICATIONS
BROADCASTING

POINT TO POINT
GROUND TO AIR
NAVIGATIONAL AIDS
MARINE AERIALS
RADIO RELAY

VHF aerial array for BBC local are
broadcastin

6 ft diameter 1.5 GHz dish aerial with radome mounted on WSS175
at East Midlands Gas Board station, Fornaby Top, near Caister

COUBRO + SCRUTTON

AERIAL SYSTEMS GROUP GROUP SALES OFFIC

I——1 LF, MF and HF: Coubro & Scrutton Ltd . / 430 Barking Road, London, E.1
VHF and UHF: Associated Aerials Ltd Tel: 01-476 447
Microwaves : Precision Metal Spinnings Ltd < Telex: 2585

Business Radio: R.T. Masts Ltd Cables: Coubro London E.1
cst
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@Plessey ideasin
telecommunications

The Plessey Telecommunications
Group is the largest organisation in the
Commonwealth developing and
manufacturing equipment for public
and private telephone systems. It is
one of the five product groups of

The Plessey Company Limited. a

major force in the related fields of
telecommunications, electronics,
radar, radio, automation and avionics.

1 Testing prototype model of PEX
(private electronic exchange) for
240 lines

2 A section of the Ambergate TXE2
(PENTEX) exchange installed by
Plesscy, and cutover in December 1966

Ideas in the past

The history of telecommunications is
virtually a history of the members of
the Plessey Telecommunications
Group, from the early days of the
magneto telephone to the Strowger
automatic exchange system which it
helped to develop and on to the very
latest electronic switching systems.

Ideas in the present

The Group's switching research and
development resources are backed by
the Company’s basic and applied
research activities. Two of the Plessey
research centres are continuously
engaged on telecommunications
projects—the Allen Clark Reseaich
Centre at Caswell and British
Telecommunications Research
Limited at Taplow.
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‘5005’ Crossbar

Plessey has invested many millions of
pounds from its own resources in
'5005" Crossbar—and is the only
British company to have developed a
commercial crossbar system.
Originally designed for overseas use
‘56005" Crossbar is now being supplied
to the British Post Office for large
non-director exchanges, group
switching centres and the international
‘Gateway’ telephone centre

in London.

At a time when telephone-operating
authorities throughout the world are
faced with rapid expansion of facilities
‘6005’ Crossbar meets the need
because of its speed of operation.
flexibility, versatility and built-in
features which will provide STD and
other facilities when required.

Pentex

Desiynated Type TXE2 by the British
Post Office and adopted by them in
1966 as standard for exchanges up to
2000 lines. this reed crosspoint
system —Europe’s first production
electronic exchange —is manufactured
by the Plessey Telecommunications
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Group and is marketed overseas under
the name ‘Pentex’.

The cut-over of the first installation
was in December 1966 at Ambergate
in Derbyshire. It caters for 700 lines,
with ultimate expansion to 2000.
Pentex was developed by Plessey in
co-operation with the British Post
Office under the auspices of the Joint
Electronic Research Committee.
Manufacture is proceeding apace to
meet orders from the British Post
Office for 30 exchangesin 1967 and a
further 30 in 1968, together with
overseas orders.

Pentex exchanges take up less space,
need less maintenance and offer
higher switching speeds than
conventional electro-mechanical
equipment. Microphonic noise is
virtually eliminated.

Reed Selector

Plessey in conjunction with the

British Post Office has developed the
intermediate switching stage of the
Reed Selector System. This

system, designated TXE6 by the British
Post Office, is to be used for extending
and replacing Strowger exchanges.

3 One of the first telephone instruments
manufactured by Plessey

4 The press-button telephone— the latest
developments from Plessey can suit
D.C. or V.F.signalling systems

5 The Plessey Reed Selector—part

of the British Post Office electronic
Reed Selector System (TXEE)—for the
extension of Strowger exchanges

6 ‘5005’ Crossbar equipment at the
Hong Kong ‘Gateway' exchange

The Telecommunications Group

carried out a field trial at the Belgravia
exchange in London where intermediate
switching equipment was trunked to
replace 31 Strowger selectors. This

trial proved that Plessey's design
fulfilled all the requirements.

Pex

The private automatic exchange
(PAX) goes electronic and
becomes PEX. Adapting the principles
of the Pentex System,

Plessey Telecommunications
Group are completing the
development of this private
exchange. it will accommodate
both dial and press-button
telephones.

The prototype is a 240-line system.
which can be progressively
enlarged to 480 lines. The design
principle can also be used

to build exchanges up to about
2000 lines. Modifications

are also possible to enable PEX
to be adapted for private
electronic branch exchanges
(PEBX) connected to the public
telephone network.
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Ideas in the future

Stored Program Control

Designers at Plessey are currently
working on the application of stored
program control, whereby the switching
paths in a telephone exchange can be
directed and supervised by computer-like
devices. The ideas behind this study are—
greater standardisation of equipment,
easier extension of exchange at any
time. flexibility for subsequent
introduction of new subscriber facilities,
ability to use new components and
devices as they become available.

Integrated Switching and
Transmission

There is a growing recognition that
the traditional interface between
transmission and switching equipment
must progressively disappear in the
face of new techniques.

Plessey is engaged in studying the
integration of the switching and
transmission of speech and associated
signals in pulse code modulated

form. The problems are being
considered on a national and international
network basis with the aims of

cost reduction and greater efficiency.

)
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WHITELEY ELECTRICAL RADIO CO. LTD

MANSFIELD ‘- NOTTS - ENGLAND
London Office: 109 KINGSWAY, W.C.2

| “7 pmwde a

comprehensive
service for

the design &
manufacture
of electronic
equipment &
components

Whlteley Electronic Eequip-
ment & Components are de-
signed and precision-builtin
theCompany’'s own factories.
Every operation is strictly
controlled, every part is
vigorously inspected and
tested. Nothing is left to
chance—hence Whiteley's
enviable reputation.

Tel: Mansfield 24762 -
Tel: HOLborn 3074

wB185

MODEL IS

MICRO
SOLDERING
INSTRUMENT

LONDON

® EXTREME VERSATILITY

Range of 8 interchangeable bits, from
3/64” (.047”) to 3/16”, including new
non-wearing PERMATIPS.

A e T ——

® ULTRA-SMALL SIZE

Length 75”. Weight % oz.
Max. handle dia. 7/16”.

® EXTRA-HIGH PERFORMANCE

Heating time 90 secs. Max. bit temp.
320°c. Loading 15 watts — equals nor-
mal 30/40 watt iron.

The ADAMIN range includes five
other models (5, 8, 12, 18 & 24 watis),
Thermal Strippers (PVC & PTFE) and
a De-Soldering Tool. Please ask for

l
i
® ALL VOLTAGES l

colour catalogue A34

LIGHT SOLDERING
DEVELOPMENTS LTD.

28 Sydenham Road, Croydon, CR92LL
el: 01-688 8589 & 4559
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With a GUY GRIP DEAD END —it's dead easy. Jobs that used tc
take 1% to 2 hours—with the new GUY GRIP DEAD ENDS can now be
completed in 10 minutes. No tedious make-offs, no tools are required,
galvanising is undamaged, no stay rods to adjust, GUY GRIP DEAD
ENDS are the simple and effective means of making-off stay strands
and cannot sfip. Big economies are effected by this method. Demon-
strations arranged. Write or 'phone for comprehensive literature.

»RITIS,

® TRADE MARK

PREFORMED LINE PRODUCTS (GREAT BRITAIN) LIMITED
ANDOVER-HAMPSHIRE-ENGLAND-TEL: ANDOVER 4044/5-CABLES: PREFORMED ANDOVEF
AGENTS THROUGHOUT THE V/ORLD. MAHUFACTUREOD UNDER LICENCE FROM PREFORIED LINE PROOUCTS CO. CLEVELAND - ORIO - U5/
COVERED 8Y PATEHT AND PATENT APPLICATIONS KOS. 817535 - 817056 + B17534 - 806338 - B17544 - 7688998
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E N S 0 Mastic—

‘h..‘ used by Gas, Water and Electricity
' ' Boards and the Ministry
of Public Buildings and
Works for the sealing

of service entries.

Write for a copy of Publication 019
describing the uses of DENSO
Mastics and compounds to:—

WINN & COALES LTD

Denso House, Chapeil Road
London S.E.27 Tel: 01-670 7511

Also at Manchester, Belfast and Dublin. Agents throughout the Commonwealth

MODEL ANSWER BOOKS

CITY AND GUILDS OF LONDON INSTITUTE EXAMINATIONS FOR THE
TELECOMMUNICATION TECHNICIANS’ COURSE

Five model answer books are available, each covering one of the following subjects.

TELECOMMUNICATION TELECOMMUNICATION
PRINCIPLES A PRINCIPLES B

ELEMENTARY TELECOMMUNICATION PRACTICE
RADIO AND LINE TRANSMISSION A
TELEPHONY AND TELEGRAPHY A

PRICE 7/6 cach (Pest Paid 8/-)

Orders may be sent to the Journal Local Agents or to

The Post Office Elecrrical Engineers’ Journal, 2—12 Gresham Street, London, E.C.2.
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We make your production tick. ..

with over 99% availability and

a ‘same-day service’ from our
extensive stocks of some 2,500
different components. 8% is

your guarantee against hold-ups for
want of essential components.

No wonder we have nearly

50,000 happy customers.

Go 5= = at all times.

P.0. Box 2BH, 4/8 Maple St. London, W.1. Tel: 01-387 0151 {Order Dept.) or 01-387 7232 (Other Depts.)

Rlllliﬂspll"es Telegrams & Cables: Radosperes, London, W.1.
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Associated Electrical Industries, Ltd.. .

Astralux Dynamics, Ltd.

British Institute of Engineering Technology . .

Connollys (Biackley), Ltd.
Coubro and Scrutton, Ltd.

Cray Electronics, Ltd. ..
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Eddystone

Amateur communications receivers

BAITISH MADE

R
o deme L N

An amateur bands double-conversion
superheterodyne receiver, for a.m, c.w,
and s.s.b reception. For all amateur
channels between 1.8 MHz and 30 MHz
in nine 600 kHz bands with 28 MHz to
30 MHz in four bands.

Primary features. Crystal-controlled
1st oscillator, 2nd oscillator with con-
tinuously variable selectivity to 50 Hz,

muting switched or by external relay,
twinnoise limiters,fora.m/c.w,ands.s.b,
shortterm drift better than 20Hz and less
than 100 Hz in any one hour, 'S’ meter
calibrated in nine levels of 6 dB and dB
levels beyond 'S9’, two a.g.c time con-
stants, deep slot filter, independent r.f,
i.f, and audio gain controls with outputs
forf.s.k and panoramic adaptor.

940 HF communications receiver
An outstanding 13-valve receiver with two
r.f and two i.f stages, silicon diode noise
limiter circuit and high quality push-pull
output. Built to a professional specification,
facilities include provision for c.w, a.m, and
s.s.b reception over the range of 480 kHz to
30 MHzin five bands. Suitable for110/125V
and 200/250 V. 40-60 Hz a.c mains.

EC10 communications receiver

The fully transistorized EC10 communi-
cations receiver, supreme in its class,
covers both medium-wave broadcasting
and all shortwave service to 30 MHz. In-
corporating the famous Eddystone
tuning drive, with logging scale and
auxiliary vernier, shortwave reception is
particularly simple. Battery operated or
from optional a.c mains unit.

Comprehensive information from your Eddystone distributor or: Eddystone Radio Limited,
Eddystone Works, Alvechurch Road, Birmingham 31. Telephone: 021-475 2231. Telex: 33708

(A MARCONI COMPANY)

LTD/zD55

Published by The Post Office Electrical Engincers’ Journal, 2-12 Gresham Street, London, E.C.2,
and printed in Great Britain by Unwin Brothers Limited, Woking and London



MARGONI PCM FOR GPO

Marconi 24-channel pulse code
modulation equipment means a
twelve times increase in the
capacity of existing telephone
lines. Greater use of micrologic
circuits results in morereliable
equipment ; greater space saving;
more economic installation ;
better quality with extended
facilities.
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The Marconi Company has been awarded
major contracts from the British Post
Office for 24-channel pulse code
modulation equipment which considerably
increases the capacity of present
telephone lines.

Marconi PCM equipment is more
advanced and uses modern
micrologic to more effect than other
equipment. it is more adaptable,
being suitable for integrated
systems and data transmission ; a
teleprinter facility is incorporated
and arange of signalling sets for
different telephone exchange
conditions is available.

Marconi
line communications
systems

The Marconi Company Limited
Line Communications Division
Writtle, Essex

Telephone : Writtle 451

AN ‘ENGLISH ELECTRIC' COMPANY  LTD/US2
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GENERAL

and the power
of speech

Internal telephone communication systems call for the same degree of reliability as
for national networks. Pirelli General manufactures a range of multipair and multi-
way internal telephone cables which are stocked for immediate delivery.

To reduce cross-talk in the multipair construction the pairs are twisted and laid-up
with varying lays. Each cable has a distinct colour identification scheme for the
cores or pairs which facilitates quick termination, and a Terylene ripper cord assists
in quick removal of the PVC sheath. For further details ask for Publication C3:1968.

PIRELLI GENERAL CABLE WORKS LIMITED - SOUTHAMPTON - TELEPHONE: SOUTHAMPTON 20381

PB577
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