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The Reliability of Microwave Radio-Relay Systems

N. A. ELKINS, C.ENG., M.LEE.T

U.D.C. 621.396.65.004.6

Failures of microwave radio-relay systems are to some extent predictable, and, in most instances, the neces-
sary high degree of reliability can niost economically be obtained by the use of complete redundant
chamnels—usually referred to as protection channels—which can be brought into service automatically
when required. The degree of reliability given by systems incorporating such protection channels is discussed,
taking into account the possible effects of failure of the switching equipment or of common equipment, as
well as the effects of human error and maintenance work.

INTRODUCTION

The reliability of a tclcconununications transmission system
is usually expressed as the proportion of time, taken over a
sufficiently long period, for which the system has becen
available for service. The availability of thc system in the
future can be predicted from a knowledge of the reliability,
provided that it can bc assumed that thc behaviour of the
system will remain unaltered during the period concerned.
This assumption is usually justifiable for an established
equipment that is not approaching the end of its life. The
futurc availability for service of another, similar, equipment
may also be forecast, provided that the conditions of en-
vironment and maintenance arc also similar, though such
forecasts may be inaccurate during the early lifc of a ncwly-
installed system.

Failures may occur due to causes which do not accord with
previous experience, though such failures are rare in well-
engincered systems. The unpredictable nature of failures of
this kind places them beyond the scope of normal reliability-
assurance techniques, and other precautions, such as the
provision of redundancy within a network or the provision of
strategic reserves of cquipment, are taken.

Predictable failures on microwave radio-relay systems
arisc from equipment failures, human errors and fading.
Fading accounts for only a very small amount of lost-circuit
time in well-planned systeins, and it will not be considered
further in this article.

Equipment Failures

It is inherent in even well-designed electronic equipment
that it is liable to failure during the course of its useful life.
This tendency to failure can be controlled either by ensuring
that the equipment has a very high intrinsic reliability, or
by providing stand-by equipment that can be brought into
service after a failure. Extremely reliable equipment is very
costly, and it can be used economically only in circumstances
where repair is either impossible or very expensive. In more
commonplace situations it is less costly to cmploy equipment
mnade to good commercial standards, and then to obtain any
required improvement of reliability by the provision of
sufficient redundant equipment. In radio-relay systcms redun-
dant cquipment is provided in the form of complete stand-by
channcls (protection channels), which are automatically
brought into service when required, and also as shelf-spares
of plug-in assecmblies which permit the rapid replacement of a
defective unit.

T Development Planning Division, Telecommunications Head-
quarters.
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Failures due to Human Error

There are at least prima facie grounds for supposing that
the frcquency with which mistakes that lead to channel
failure arc madec by skilled maintenance staff depends upon
the amount of work that they are rcquircd to perform on
the equipment. This in turn depends upon the intrinsic
reliability and stability of the equipment. It is thus possible
to regard human-error failures of this type as an aspect of
equipment reliability, and to take account of such failures in
the value assigned to the reliability of the equipment,

There is a second class of failure due to human error that
arises from the casual intervention of non-skilled persons.
The incidence of faults of this typc depends upon how often
stations are visited by persons other than the maintenance
staff, and is, in the long term, unpredictable.

PROTECTION CHANNELS

Most microwave radio links are provided with one or two
protection channels, together with an automatic channel-
switching system. Fig. 1 shows in outline a typical arrange-
ment, in which six channels are used to provide four working
channels and two protection channels. One switching system
of this kind has been described in detail in this Journal.*
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FiG. 1—Principle of protection switching

* MARTIN-ROYLE, R. D. Intermediate-Frequency Switching
Systems for Microwave Radio-Relay Links. P.O.E.E.J., Vol. 61,
p. 110, July 1968.
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The improvement that may be obtained in the reliability
of a system through the use of protection channels depends
on the number and the reliability of the protection channels,
and on the number of working channels protected. The
extent of the improvement can be estimated, provided that
it is possible to assume that failures occur randomly and
independently in all the channels of the system. This assump-
tion requires that the equipment should be free from design
weaknesses which lead to non-random, or systematic,
failures, and also that faults that occur simultaneously on
more than one channel from a common external cause should
be considered separately.

In a system having a total number of channels m, each of
which has a probability that it will be unserviceable at any
time of p,, the probability P that » channels will be simultan-
eously unserviceable is given by
m!
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FiG. 3—Reliability of systems having two protection channels

The system will be unserviceable in some degree whenever #
exceeds the number of protection channels available, . The
total probability that one or more working channels will be

m

out of service is thus ), P. Fortunately, in practice p. is
n=r+I

a small number, and the value of P for n = (» + 1) is usually
an acceptable approximation. This value of P is the pro-
bability that any one working channel will be unserviceable.
The probability that a particular working channel will be
unserviceable is
R
" m—r

Fig. 2 and 3 show P, plotted against p, for systems having

one and two protection channels, respectively.

Use of Protection Channels to Carry Occasional
Traffic

Some protection channel-switching systems permit access
to protection channels when they are not otherwise in use,



so that the protection channels may be used to transmit
traffic of a kind that can tolerate interruption. The probability
that a channel will be unavailable for use in this way is the
sum of the probabilities that it will be required to replace a
failed channel, and that it will itself be unserviceable.

The protection channel of a single-protection-channel
system will be unavailable for external use with a probability of

(m—=r-+p,

andthe second-choice protection channel of a two-protection-
channel system will be unavailable with a probability

m=r)m—r—1) ,
De -+ 2 pe-

The second term of this expression is negligibly small com-
pared with the first, and, for practical purposes, the second-
choice protection channel has the reliability of an unprotected
channel.

Biassed Protection-Channel-Switching Systems

Switching systems are available for use on single-protection-
channel radio systems in which one or more working channels
may be given priority of access to the protection channel.
Such switching systems have the effect of distributing the
total probability of unserviceability of the system unequally
between the working channels.

If a single channel is given priority over all other channels
the probability of unserviceability of that channel becomes
that of a system which has one working and one protection
channel. If the remaining working channels arc all of equal
rank then the remainder of the total probability of un-
serviceability of the system is equally distributed between
them. Thus, a system of seven working and one protection
channels in which the probability of unserviceability of an
unprotected channel is 1072 can be arranged to have one
working channel with a probability of unserviceability of 10—4
and six of 4-5 x 10~4. Alternatively, if all seven channels
were ranked in descending order of priority of access to the
protection channel then the probability of unserviceability
of the channel ranked seventh would be 7 x 10~4, while that
of the remnaining channels would be uniformly distributed
between 10~%and 7 x 104,

FAILURE OF SWITCHING SYSTEM

As is shown in Fig. 1, the replacement of a defective
channel by a protection channel is made by two switches, one
at each end of the system, which are linked by a signalling
system and are operated by switch-control equipment in
response to signals from fault-detection equipment. This
complex of equipment, which will be referred to as the
switching system, is liable to failure, but the equipment is so
designed that the only failure mode to have significant
probability of occurrence in practice is the non-operation
of the switches in response to the appropriate stimuli. “Fail-
safe” techniques are used to ensure that the switch positions
remain unaltered under any foreseeable fault condition of
the switching system.

Thus, failure of the switching system does not, of itself,
cause loss of service on any working channel, and neither
does the simultaneous failure of the switching system and
a protection channel. Loss of service on a working channel
due to a switching-system failure occurs only when there is a
failure of that channel at a time when the switching system is
already out of service.

The probability that a particular working channel and the
switching system will be unserviceable at the same time is
p.P., where p is the probability that the switching system will
be unserviceable. However, this probability includes occasions
when failure of the working channel occurs before failure

of the switching system, so that a change to a protection
channel (which requires a negligibly short time) is not pre-
vented. As there is an equal chance that either failure will be
the first to occur, the probability that a working channel will
be unserviceable due to failure of the protection switching
system is

P, =0-5p,p,

The reliability of switching systems is likely to be better
than that of channel equipment, partly because the equipment
of the auxiliary radio-link that is used for the transmission of
switching-control signals is much simpler than that of the
main channels, and partly because the control and switching
equipment benefits from the redundancy of equipment
necessary to obtain the ‘““fail-safe” facility. Fig. 2 shows how
the reliability of working channels is affected by a switching
system in which the probability of unserviceability is one half
of that of a radio channel.

In systems having two protection channels it is usual to
duplicate the auxiliary radio-link, but not the remainder of
the switching system. The effect that this has on the overall
reliability of the switching system is to change the probability
of unserviceability from p; to p% where @ has a vatue between 1
and 2 depending on the proportion of switching-system
failures that originate in the auxiliary radio-link. Fig. 3 shows
the effect on the reliability of a radio system having two
protection channels and two auxiliary radio channels when
the value of @ is 1-5.

In bothway radio systems which are intended for frequency-
division multiplexed telephony signals it is possible to make
use of an otherwise unused portion of the baseband of a
channel in the return direction for the transmission of
switching-control signals, so avoiding the use of an auxiliary
radio-link. The reliability of this type of switching system
depends in part on the reliability of a radio channel, but, in
practice, it is unlikely to differ appreciably from that of sys-
tems which use auxiliary links.

SHELF SPARES

The total out-of-service time of a channel during a specified
period depends upon the number of failures that occur during
the period (failure-rate), and on the average time taken to
restore the channel to service.

The equipment failure-rate of an established radio system is
mainly determined by factors that are beyond the control of
the user of the system, so that it must be accepted as a system
parameter. The time taken to restore a faulty equipment to
service, however, depends upon the availability of men and
materials, and is controllable. Both men and materials are
costly to provide, so that it is uneconomic to exceed by very
much the minimum provision necessary to secure an adequate
standard of reliability. The supply of materials is tnore
amenable to control than is the supply of maintenance
manpower, because modern radio-relay systems arc so un-
demanding of maintenance attention that manning levels tend
to be determined mainly from considerations of prudence.

The restoration of service in radio-link equipment is
generally brought about by the replacement of exchangeable
units, and spares arc provided for the purpose. The quantity
of spares provided determines their availability, and, hence,
the time required for the restoration of service and the re-
liability of the system. This is illustrated in Fig. 2(a) and 3(a),
where the vertical dashed lines marked A, B, and C show the
conditions resulting from three different availabilities of
spare units for an otherwise unchanged system. The con-
ditions that apply to lines A, B and C are given later under
“Reliability and Cost.”

COMMON EQUIPMENT
Most radio-relay systems contain some equipment that is
common to all channels of the system, failure of which causes
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the failure of all channels. The sub-systems that are usually
shared by all channels, and without which the system cannot
function, are the power plants and power-distribution systems,
and the aerials and feeder systems. Aerial supporting struc-
tures and even buildings are also in the class of common
equipment, but no failure-ratc can be assigned to them.

The lost circuit-time due to conmon-equipment failures
contributes independently of all other causes to the total lost
circuit-time of a working channel, and it is desirable that the
reliability of the common equipment should be of a high
order, particularly where morc than one working channel,
or more than one system, are served. In such circumstances
the probability of failure of the total of the common equip-
ment should preferably be several times smaller than that of
the working channels. Fig. 4 illustrates the case in which the
probability of failure of the common equipment is 2 X 1073,
which might be considercd an appropriate level in a system
where the overall probability of failure of a working channel
was set at 10~4. When applied to a system 100 miles long a
probability of failure of 2 < 10=5 allows only some 1:6
minutes of out-of-service timc due to common-equipment
failure per station per year, or, more plausibly, one 2-hour
failure at any onc station during the 15-year life of the system,
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EFFECT OF MAINTENANCE WORK

Some radio-relay equipments require that routine-mainten-
ance tasks should be performed at prescribed intervals in
order to arrest the detcrioration of performance that would
otherwise occur, and on all links it is necessary to carry out
tests of overall performance from time to time. For both of
these purposes the channel concerned is taken out of service
and replaced by a protection channel, which is then no longer
available for its normal function. The reliability of the link is
thus impaired, but the impairment is less than that which
applies under fault conditions since, not only are mainte-
nance men immediatcly available, but they are usually in a
position to restore the channcl to service very quickly.

The probability that a channel will be out of service for
routine maintcnancc purposes is

_ h
b= 8,760°
where / is thc number of hours per year that a channel is
under maintenancc.

The probability that any one channel will be out of service
for maintenance is, therefore, mp,,,.

The probability that thc protection channel of a single-
protection-channel system, or the sccond-choice protection
channel of a two-protection-channel system, will be required
for usc is the probability that onc or two of the working
channels will be unserviceable, which is given by

(n — !

— pr — (m—2r) .
P =pe(l=p) (m — 2 r)

The probability that there will be loss of service duc to
maintenance and fault conditions existing at thc same time is
therefore P,,mp,,. However, on half of the occasions covered
by this probability the fault condition will occur before the
maintenance condition, and in such cases the maintcnance
work would not procced. The practical value of the probability
is thus 0-5P,mp,,.

Also, in practice, the period for which service was lost
would be limited by emergency restoration to service of the
channel under maintenance, so that the probability must be

. 2t . .
modified by the factor =, where ¢, is the mean time of
m
emergency restoration to service of a channel under mainten-

ance, and f,, is the mean duration of a maintenance period.

Thus, thc probability that a particular working channel
will be unserviceable due to the unavailability of a protection
channel because of routine maintenance work is

1 t
P.= m—r Enitipin i
This factor is normally of practical significancc only in
systems that require frequent routine maintenance attention
and which have a single protection channel, but it may
become significant in any system of which unusually high
reliability is demanded.

OVERALL RELIABILITY

The total probability that a channel will be unserviceable
is the sum of the probabilities of unserviceability due
to channel-equipment failure, protection-switching-system
failure, common-equipment failure, and the effect of routine
maintcnance work. The results of one such summation are
shown in Fig. 5, which relates to systems having a single
protection channel, where the probability of unserviceability
of the switching system is 0-5, and that of the common
equipment is 0-01 of that of an unprotected channel. Each
channel is assumed to be out of service for routine maintcn-
ance for 50 S-hour periods per year, with a mean time of
restoration in an emergency of 10 minutcs.
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RELIABILITY AND COST

The costs incurred in improving the reliability of an un-
protected radio channel arc the capital cost and the present
value of thc annual maintenance charges of the redundant
equipment. The deployment of redundant equipment should
be that which offers the required reliability at the least cost.
The best deployment in any circumstances depends, not
merely on the intrinsic reliability of the equipment, but aslo
upon the local conditions. It is, therefore, necessary to test a
number of locally viable schemes, and, for the purpose of
illustration, three schemes which are broadly applicablein the
United Kingdom will be examined. These arc as follows.

(a) A complete set of spare units is held at each radio
station. The average time required for restoration of service
after a fault is 3 hours.

(b) A complete set of spares is held at intervals of 100 miles
along a route. The average time for restoration of service
after a fault is 9 hours.

(¢) Spares are held centrally and serve many routes. The
average time of restoration is 36 hours.

The vertical dashed lines on Fig. 2(a) and 3(a) marked A, B,
and C indicate the out-of-service times corresponding to
schemes (a), (b), and (¢) when applied to a 100-mile link for
whichthe fault-rate is 1 - 7 faults per terminal or repeater chan-
nel-equipment per year; the intercepts of these lines with the
curves indicate the working-channel reliability to be expected.

The revenue-earning capacity of a system depends upon
the number of working channels, so that the cost of measures
taken to improve reliability should be expressed in terms of
the cost per working channel. In Fig. 6 the sum of the estimated
equipment costs and present value of maintenance costs per
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channel for various numbers of working channels are shown
plotted against the resulting reliability, It is evident that when
the best deployment of redundant equipment is used a
relatively small increase in expenditure can yield a marked
improvement in reliability.

For the purpose of this illustration the effect of the common

equipment has been excluded from consideration, but, as
Fig. 4 indicates, common-equipment reliability is a limiting
factor, and further costs may be incurred in iinproving the
common-equipment perforinance if the limit that it sets is
approached or exceeded by the reliability of the channel
equipment,

Telephone-Exchange Equipment Planning

and Design

A. B. WHERRY, B.SC.(ENG.), C.ENG., M.L.LE.E.T

U.D.C. 621.395.722:658.5

The planning and design of a telephone exchange must take account of many complex factors so that the
individual exchange may correctly and economically fulfil its function in the network. The necessity for
close liaison between telecommunications planning engineers, architects, civil engineers, equipnent manu-
facturers and installers is stressed, as well as the need to follow a master plan for the network as a whole.
As well as discussing planning and design, and questions of economic provision periods, contractual arrange-

ments are also briefly reviewed.

INTRODUCTION

In a modern telephone system the sizes and roles of individual
exchanges will differ considerably, and, therefore, a wide
variety of operational facilities and service parameters need
to be included in their basic design. The planning of a new
telephone exchange must take these factors into account; it
must also take into account the equally important need to
provide inthe right place, and at the right time, the necessary
switching plant, apparatus accommodation and the associated
line plant. Advance and accurate planning in the long term,
as well as in the short term, is of paramount importance if
this integration exercise is to be a complete success; these
points are emphasized in the following paragraphs, where
brief nention is also inade of the more detailed aspects of
exchange design. In somne respects the information given
reflects British Post Office practice ; nevertheless, the principles
involved apply equally to many other telephone systems.

LONG-TERM PLANNING

The development of a telephone switching system requires
the provision of plant at the appropriate time to cope with the
demand as and when it occurs, and this can mean not only
the purchase of exchange switching equipment, but also
the purchase of a suitable site and the erection of a new
building. These operations frequently take many years to
complete, and it is essential to foresee their need sufficiently
far in advance to enable the necessary relief action to be
taken. A regular review, therefore, of the rate of growth of
every existing exchange in an established network, whether
manual or automatic, becomes an important feature of
planning. The comparison of the current rate of growth
with the capacity of existing equipment, accommodation
and site gives a useful indication of the date when the capacity
of the existing plant, and, on occasions, the building, may be

t Network Planning Division, Network Planning and Pro-
gramming Department, Telecommunications Headquarters
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expected to be exhausted. In countries where growth rates are
likely to change rapidly a very frequent review is, of course,
desirable.

The early detection of exhaustion of plant capacity enables
the appropriate remedial action to be taken, and, ideally,
such action should be along the lines of some predeterinined
development plan. A master plan showing the longer-term
pattern of development for individual exchanges, as well as
for the system as a whole, should always be available.
These plans should not only indicate the definite lines to be
followed during the next few years, but should also give a
reasonably firm indication of the trend thereafter, together
with some indication of the cost of the work involved.

The master plans should indicate the position of existing
plant throughout the appropriate charging groups, and should
include existing boundaries and any proposed boundary
changes. The intended course of development for all the
internal and external plant to meet the forecast demnands for
service should be clearly described. Details of the proposed
locations, size, and status of new trunk and local switching
units, locations of auto-manual centres, sites and buildings,
proposals for major changes in line plant, and plans for the
replacement of existing exchange equipment should be
recorded. The master plans should also contain sufficient
information to permit the ready appreciation of the effect,
on the long-terin development of the systcin, of changes in
demand, introducing new facilities, and of changes in
national policy.

PROGRAM OF OPERATIONS

The provision of a new telephone exchange requires close
liaison between the planning engineers of the telephone
operating organization, the architects responsible for the
building, the civil engineers responsible for erecting the
building, the equipment manufacturers and the equipment
installation staff. Fig. 1 sets out the main stages involved in
the planning and provision of a large non-director group
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switching centre ((G.S.C.) with its associated auto-manual
centre. It clearly shows the extent to which the building,
equipment-planning and manufacturing work must be carried
out as simultaneous operations. Typical timing is shown for
the years in advance of the date when the new exchange
is required to carry traffic. Specific mention is not, however,
made of the related stages: local-line and main-line provision
plans.

In order to control and supervise all the various aspects of
plant provision a detailed ‘“‘control-sheet program™ is prepared
as soon as planning work commenccs, and many adminis-
trations, including the British Post Office, are applying the
critical-path method (C.P.M.) to assist in this respect.

BUILDINGS AND SITES FOR
TELEPHONE EXCHANGES
Buildings

Until recently the exchange-accommodation needs in the
British Post Office were based on a 20-year design figure, but
now buildings are designed to cater for a predetermined
capacity rather than for a specific number of years. One of
the major factors leading to this change was the introduction
of the unit method of equipment layout, described in the
section below on ‘‘Layout of Apparatus.” The new basis of
design achieves economy in building costs and minimizes
the effect of inaccuracies in long-term forecasts. It means
that buildings are being designed to provide an initial capacity
for a period, chosen to suit local circumstances, of from 10-
20 years. The factors which may influence the choice of the
building-design period include the form of the exchange-
numbering scheme, the effect of site dimensions on building
shape, and growth forecasts.

Telephone buildings may be either designed on an in-
dividual basis or they may be provided to conform to one
of a variety of standard plans. Standard buildings are at-
tractive in that they generally offer a reduction in the time
needed for their detailed planning, and the use in the future
of industrialized-system techniques should result in a reduc-
tion in building-erection times.

Individual design of larger telephone buildings is desirable
in that the accommodation will be required to house racks of
comparatively heavy telephone-switching or transinission
equipment., The width of the building, the overall height of
the rooms and the strength of floors must, therefore, be
designed with these factorsin mind. Moreover, some telephone

buildings must also accommodate auto-manual centres and
the associated operator welfare and training facilities.

Sites!'

When the equipment and other accommodation details
have been calculated and the size of building determined, it is
possible to decide the size of site required. To safeguard
future development, any new site should be of sufficient size
to permit a 100 per cent extension to a 20-year building.

The choice of site is important, and it is not only necessary
for the correct size of site to be sought, but, also, the site
location must be best from the telephone service-provision
point of view. The site selected should permit easy access for
telephone cables and should involve minimum expenditure on
their initial installation and subsequent maintenance. The
level of subsoil water, nature of subsoil, atmospheric condi-
tions, fire risks, availability of staff, and accessibility to heavy
transport are other factors which can affect the final choice.

Layout of Apparatus

It is the practice in most countries, and was the practice
in the United Kingdom until a few years ago, for the
apparatus racks and distribution frames in local and trunk
exchanges to be grouped in types, space being reserved
within each group for future extension. Present policy,
however, favours the layout of equipment on a unit basis,
with different types of equipment physically grouped together
to permit easy replacement in age groups. Similar arrange-
ments are now being applied to Strowger exchanges in other
parts of the world.

At this time, when new switching techniques are being
introduced, the unit method of layout has anadded advantage
in that spare space is left in areas large enough to permit the
introduction of new types of equipment in self-contained
units. Apart from saving some internal cabling it offers some
maintenance advantages from the managerial point of view.
The unit layout of some large trunk exchanges permits the
earlier utilization of plant; it also disperses racks of high heat
dissipation, thereby easing air-conditioning problems.

PRELIMINARY EXCHANGE-DESIGN
INVESTIGATIONS

Before the detailed design of an exchange can commence
there is a need to assess the future level and distribution
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pattern of the traffic to be handled. This work cannot be
completed, however, until some prelitninary studies are
finalized: the more important of these arc described in the
following paragraphs, and, as shown in Fig. 1, are investi-
gated at least 6 months before the commencement of detailed
cquipment-design work.

Routing and Signalling

Under some circumsiances a choice exists as to whether
direct routes should be provided to carry calls to particular
destinations or whether the calls should be routed via an
intermediatec tandem exchange. A. cost comparison is fre-
quently required to decide between the various alternatives,
having regard to the cost of line plant, and tandcin-switching,
transmission and signalling cquipment. In some switching
systems the routing-digit capacity and translation facilities of
the controlling register-translators must also be taken into
account when deciding the routing pattern to be followed.

With the Strowger switching system used by the British
Post Office it is readily possible to develop a trunk and junction
linc network having a basic star configuration auginented, as
justified, in a delta fashion, by direct routes between individual
centres. The final pattern represents an optiinum arrangement,
as the basic pattern enables any subscriber to be connected to
any other within the network, whilst direct auxiliary routes
may be provided when the amount of traffic to be carried
makes them an economic proposition. These routes may be
fully-provided, or they may operatc on a high-usage basis,
with traffic overflowing on to another route.

In conjunction with investigations into routing it is ncces-
sary to decide the dialling and signalling techniques to be
employed on all routes radiating from the exchange in qucs-
tion. In any developing system there will be a gradual con-
version from the older manual system to a fully-automatic
system, and it is also possible that therc will be plans for the
introduction of high-frequency line plant or radio-link
systems. In such cases it will be necessary to study throughout
the design period, in detail, not only the characteristics of the
line plant to be used but also any changes in the method of
working that are likely to arisc at the distant-cnd exchanges.
In this respect, a closely co-ordinated line and equipment
program can yield worthwhile dividends.

Numbering-Scheme Design

When subscriber trunk dialling (S.T.D.) is first introduced
into a country there is a need to design a national numbering
scheme with the nain object of allocating a unique national
number to each subscriber within the system.!’2 Any such
scheme should make allowances to accommodate the growth
of the system for the next 50-100 ycars, and should allow for
the fact that the network will eventually become accessible to
subscribers in other countries by means of international
subscriber dialling.

In general, thc subscriber’s national number is divided
into two portions: the first is a code to identify the exchange
to which the subscriber is connccted, and the second is the
subscriber’s local number. There are a number of ways in
which the code portion of the national number may be
allocated, and these vary from a scheme based on the geo-
graphical location of the exchange to a scheine based on less
rigid procedurcs. For example, it is possible to divide a
country into 10 large geographical regions, each of these being
sub-divided into 10 smaller areas which are, in turn, further
sub-divided into groups of up to 10 local exchanges. Altcr-
natively, a scheme could be based on the allocation of the
national-code portion of the national number to every
cxchange in the country in a purely arbitrary manner. It can
be argued that the first scheme offers advantages in the
simplicity of the design of control equipment, whereas the
seccond schemc has the advantage that any spare codes in
the numbering range may be allocated to any exchange in
the system. The latter scheme can also more easily accom-
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modate changes in forecast and unforesecn developments in
any one area. In the British Post Office a single code, usually
of three digits, identifies all exchanges within one numbering
area, i.e. the number-group code.

As the majority of number-group codes in the British
Post Office system have now been allocated, the major task
at the numbering-scheme planning stage involves the design
of a scheme to serve local exchanges and thec selection of
codes required for access to dependent exchanges. This work
must be carried out in advance of the detailed exchange
design to cnsure that time is available for economic studies
and any negotiations with local-government town-planning
authorities.

Number schemes for local exchanges are normally designed
for a period of 30 years and it is, thercfore, necessary to
determine beforehand the multiple requircments throughout
this period. Long-term forecasts are inherently liable to
inaccuracies, and a 30-ycar design period is chosen as a
compromise between the additional cost that might be
involved in planning a numbering scheme to cater for a
longer period and the expense of subscribers’ number changes
which might occur if the life of thec numbering scheme is
planned for too short a period.

A well-designed numbering scheine should not only cater
for the foreseen decvelopment in an cconomic manner,
without the inconvenience and expense of changing sub-
scribers’ numbers within a 30-year period, but should also
permit easy cvolution into the next numbering range. More-
over, with the introduction of S.T.D., a requirement is
imposed that codes for access to dependent exchanges in
the home and adjacent numbering groups must not be
changed within the foreseeable future, because of the national
repercussions in the form of directory changes. This has a
distinct bearing on the design of the numbering scheme at
any G.S.C.

In the design of the numbering scheme for a multi-exchange
area it is desirable to know the average calling rates of the
subscribers connected to individual satellite exchanges, and
to bear these figurcs in mind when deciding which exchange
should be allocated 6-digit numbers in a mixed 5-digit and
6-digit linked-numbering scheme. Knowledge of the dis-
tribution of calls during the 30-year period is also necessary
to permit the economic location of the tandem equipment
required for the routing of traffic between exchanges, in
particular, from a 5-digit satellite to 6-digit satellites which
might share a first-selector level.

In the British Post Office system the numbering schemes
are designed on the basis of either 4-digit, mixed 4-digit and
5-digit, 5-digit, or mixed 5-digit and 6-digit numbers. Several
of the larger non-director linked-numbering schemes are
already using mixed 5-digit and 6-digit numbers. In some of
the very large centres served by non-director switching equip-
ment in other countries, mixed 6-digit and 7-digit working
has been introduced, for example in Los Angeles, Melbourne
and Sao Paulo.

The exchange systems serving the six largest cities in the
United Kingdom use a form of register-translator, sometimes
known as a dircctor, to control the switching of local traflic.
The exchanges arc linked by a 7-digit numbering scheme,
and each subscriber’s number consists of a 3-digit exchange
code followed by a 4-digit number, e.g. 222 1234.

The design of a numbering scheme to serve an area using
either director equipment or a similar type of register-control
cquipment must take full account of the total number of
exchanges likely to be installed during, at least, the next
50 years. Once the number of digits to be allocated to in-
dividual exchange codes has been decided and the exchange
control equipment designed accordingly, it could become a
major task to increase the number of digits comprising the
individual exchange code, but, subject to this maximum
limitation, the introduction of additional digits in the sub-
scribers’ numbers does not necessarily involve the provision



of additional switching stages, although it could involve a
marginal increase in the time involved in setting up a call.

Where a small number of exchanges are to be served by a
register-control system a 2-digit exchange code might suffice,
but for larger systems a 3-digit code would be a wise invest-
ment,

EXCHANGE DESIGN
General

The design of an exchange may be undertaken as part of a
long-term economic study or immediately prior to its purchase
from a telephone-equipment manufacturer. In either circum-
stance the aim of the design engineer is to provide the neces-
sary operating and traffic-handling facilities at a predetermined
grade of service consistent with the adoption of sound
engineering practices and the economic use of the switching
equipment.

It is essential that, by the time the design stage has been
reached, all planning decisions regarding the function and
the status of the exchange shall have been made. Any attemipt
to reconsider basic planning at this late stage is almost
certain to delay thc opening of the new exchange. Data
showing the traffic characteristics and its distribution should
also be available.

The degree of detail to which an exchange is designed
depends on the extent to which the telephone administration
concerned wishes to specify its requirements to the equipment
manufacturer. In some countries only broad parameters are
given; in others, as in the British Post Office, a much more
detailed specification is prepared. If the telephone adminis-
tration has sufficient design staff available there are some
worth-while advantages to be obtained, not the least of which
is matching, as closely as required, the type of switching
equipment to be provided to the needs of the system and to

the traffic carried, within the framework of an overall long-
term plan for the development of the system. In this respect,
standardization of the type of switching plant has obvious
advantages.

Exchange Trunking

In most types of telephone exchange some items of plant
arc not directly related to the amount of conversational
traffic to be switched, and the numbers of thecse items are
usually specified in accordance with a predetermincd standard
of provision. The quantities of other items of plant, including
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the switching train or matrix, must be calculated from the
traffic data.

The inherent flexibility of the stage-by-stage method of
selection used in Strowger-type exchanges enables an econo-
mic overall design to be achicved. For example, auto-auto
relay-sets and local-call-timing equipment may be located in
the trunking to offer maximum cost advantage, and routes
destined to carry large quantities of traffic may be allocated
to the early switching stages thereby giving not only equip-
ment economies but also reductions in the call set-up times.3
Uniselcctors may be also used instead of line finders in thosc
exchanges which have a fairly high originating calling rate.

The efficiency of a group of interconnecting circuits,
measured in terms of the erlangs carried per circuit, increases
as the size of the group becomes larger. This is another
factor which must not be overlooked when switching traffic
through an automatic exchange. A graphical comparison of
the variation of efficiencies with availability is shown in
Fig. 2. Similar factors should also be taken into account
when deciding the type of switching device to be used.

Under normal circumstances, however, practical difficulties
rule out any attempt to use a variety of switching devices
within an exchange or even within an exchange system. In
trunk tandem exchanges it may be found that motor-uni-
selector group selectors with an availability of either 22 or
45 are desirable if access is to be given to expensive trunk
circuits.

It will be clear from the typical trunking diagrams shown
in Fig. 3 that the stage-by-stage method of sclection may be
used at small unit automatic exchanges (U.A.X.s). The system
can also be designed to serve subscribers in the largest and
busiest capital cities and can be adapted to meet changing
traffic patterns and facilities. In the British Post Office system,
for example, the introduction of S.T.D. facilities was a
relatively straightforward operation. Moreover, it has been
possible to arrange for the register-translator control equip-
ment, installed at a central point, usually at the G.S.C,, to
deal only with those calls, i.e. S.T.D. calls, which bencfit most
from this method of control.

It is noted that the quantities of register-translator equip-
ment to be provided are based on the number of calls origi-
nated rather than on the conversational erlangs generated.
The numbers of multi-frequency senders/receivers required
for high-speed signalling over the transit network are also
calculated from thc number of calls to be switched over the
routes in question.*

Other Design Features

The trunking pattern of any exchange dictates the traffic
routing to be followed and, when established, the next stage
of design can proceed. Once again certain fundamental
principles are involved, and the more important of these are
as follows.

Grade of Service

The grade of scrvice to be given by the equipment in a
Strowger system is normally specified on a stage basis, but
in other systems an overall standard may be specified. In
general, switching equipment in the British Post Office system
is provided on the basis of one lost call in 200 during the
exchange busy hour, although lower standards are adopted
on the more-expensive trunk circuits.

Interconnexion Methods

Throughout the British Post Office Strowger system either
the full-availability method or the grading method of inter-
connexion is used to connect one rank of switches to the next.
The actual grading facilities are generally made a feature of the
equipment racks in order to avoid the disadvantages asso-
ciated with separate grading frames or racks.’

Formulae have been derived to cnable the traffic-carrying
capacity of gradings to be rcadily calculated, and these make
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allowances for the nature of the traffic carried, e.g. pure
chance, or smooth.

Design of Gradings

To complete the design of a highly efficient grading it is
necessary for a variety of other factors to be taken into
account; these include the correct choice of groups in a
grading, the grading formation, the allocation of trunks to
grading outlets, and, where appropriate, limiting the number
of trunks connected to a grading.

Equipment-Provision Periods

Whercas a telephone-exchange building may be designed
to meet accommodation requirements for a period of up to
20 years, the switching equipment is best provided in instal-
ments to more closcly match the actual increase in demand.
The initial installation and each extension is, therefore,
designed to cater for a much shorter period.

For many years it was British Post Office policy to provide
the fixed equipment, e.g. racks and banks, to meet a 5-year
equipment-design period but selectors and relay-sets were
provided to cover only the 2-year demand. Recent studies
have indicated, however, that shorter provision periods for
both racks and jacked-in items offer further economic and
other advantages, and shorter provision periods have been
adopted.

Small Electronic Exchanges

The small electronic exchanges designated TXE2 now being
introduced into the British Post Office network lend them-
selves to a slightly different design approach from that
described in the preceding paragraphs. This difference arises
mainly from the fact that the system is based on the use of a
register-controlled switching matrix employing reed relays for
cross-point connexion. Fig. 4 is a typical trunking diagram,
showing only the speech path.®

All originating calls are routed via A, B and C switches to a
register; calls destined for subscribers on the same exchange
are then routed via own-exchange supervisory relay-sets and
the D, C, B and A switches to the wanted lines. Subscribers’
linc circuits and associated A-switch units are provided in
multiples of up to 25 to form groups, each being capable of
carrying a maximum of 7 erlangs of bothway traffic over 25
trunks to the B-switches. These groups are then combined in
threes to form major groups, with each major group or part
comprising five B-switches having five inlcts from each group
and outlets to every C-switch.

C-switches, although always 10 in number, will be of
various sizes, according to trunking requirements, and the
number of inlets per switch is thercfore governed by the
number of major groups. The number of outlets per switch
allows for the number of supervisory relay-sets to which access
is required.

PREPARATION OF CONTRACT SPECIFICATION

The extent to which the technical and operational para-
meters of the equipment are given in a contract specification
depends to a large degree on the size of the telephone oper-
ating company and, hence, the availability of staff to deal
with these matters. Traditional relationships which exist
between the administration and the equipment manufacturer
may also influence the details given and any tendering pro-
cedures involved.

The specification must, of course, include the commercial
conditions as well as thc technical requircments, and these
will vary from administration to administration, but, in
general, will include the price to be paid, the terms of payment,
guarantees, and delivery terms.

In the British Post Office, contract specifications are
prepared for new exchanges and for extensions to existing
exchanges. Each states in detail the type, quality and facilities
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of the equipment to be provided. It also specifies equipment
quantities, trunking arrangements, layout of the apparatus
on the exchange floor, standards of equipment, standards of
cabling, and standards of installation to be adhered to by the
manufacturer’s installation staff.

In some overseas administrations the contract covers not
only the provision and installation of the new equipment, but
also provides for its maintenance over a specified number of
years. This latter scheme has thc advantage that time is avail-
able for local staff to be trained and become proficient in the
maintenance of the exchange equipment. The same advantage
could be obtained if the equipment manufacturer employed
staff loaned from the local telephone administration for the
installation of the new equipment.

The system adopted by the British Post Office whereby the
contract specification gives precise information offers some
useful advantages. For example, no compatibility problems
are likely to arise from the introduction of a new exchange
into an existing system, such problems being anticipated and
allowed for in the individual circuit designs. Moreover, it is
unnecessary to check the circuit design of the equipment
being provided at every exchange. The British Post Office
is also in a position to obtain standard operational tolerances
on interconnecting circuits throughout the whole network.

Before the commencement of the installation work by the
equipment manufacturer, the British Post Office normally
appoints a Clerk of Works with the responsibility of ensuring
that the standard of installation and related contract specifi-
cations are complied with.

OPENING-DATE REQUIREMENTS

It will be seen from Fig. 1 that this stage is shown at least
6 months prior to the opening date of the new exchange.
Several tasks are completed at this time including (i) a final
check of the forecast traffic details used in the original design,
(i) final arrangements for any changes to existing subscribers’

numbers, (iii) a final check that equipment of the correct type
has been provided at all the other exchanges with routes to or
from the new exchange (this is of particular importance
when a large trunk-switching centre is to be opened), and
(iv) a final check of the arrangements to coordinate the
completion of trunk and junction circuit connexion, circuit
line-ups and circuit testing with the provision of the termina-
ting equipment, and also for the extensive re-routing of calls
which could result from the opening of the new exchange.

CONCLUSIONS

This article has mentioned briefly the main aspects of the
work involved in the planning of telephone-exchange equip-
ment. Although the British Post Office has for many years
adopted as standard the Strowger method of switching, the
planning principles and the design techniques which have
been described arc equally applicable to other developing
systems. In the future the integration of more electronic and
crossbar switching equipment into the existing network will
almost certainly bring about some detailed changes in instal-
lation practice, design techniques and allied matters, but it is
unlikely that the general planning and program principles
will be materially affected.
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An Introduction to Automatic Controls for

Central Heating

A. NESS, C.ENG., M.LE.E.T

U.D.C. 536.58: 697.3

A proper understanding of automatic control systems is essential to engineers responsible for the design,
installation and maintenance of heating, ventilating and air-conditioning installations. For the specialist a
detailed course of study is warranted but there are many others for whom an understanding of the basic
principles and their application is sufficient. In this article the fundamental requirements for automatically
controlled heating systems are outlined, and examples of control-system elements used in fairly straight-

Sforward applications are described.

INTRODUCTION

Ideal comfort conditions are dependent on many factors®
but the prime requirement in this country is heating during
the winter, With the introduction of teleconununications
cquipment having high heat dissipation, it is becoming
necessary in apparatus rooms to provide cooling and humidity
control in summer time, but, for office accommodation, air
conditioning is not yet considered essential. Acceptable
conditions can generally be provided by maintaining a mean
dry-bulb temperature of 62°-68°F in winter, and central
heating is, therefore, the major accommodation service in
most Post Officc buildings.

Automatic control of central heating has in recent years
become more and morc an integral part of the installation,
while the subject of controls has developed into a complex
and exact science. The choice of a control system is now a
dctermining factor in the design of any reasonably-sized
heating installation.

CONTROL REQUIREMENTS

A heating system coinprises heat-producing equipment,
such as a boiler, connected by a means of distribution to
heat-emitting equipment, such as radiators, unit heaters or
convectors. Most systemis are designed so that, when the
outside air tcmpcrature is 30°F, the heat output from the
radiators is sufficient to meet the heat losses from the building
and maintain the desired room temperatures with a water-
flow temperature of 180°F. When the outside tempcrature is
above 30°F, less heat will be required, so the output from the
radiators should be reduced to prevent overheating and
consequent wastage of fuel. Overheating of a normal typc
of building represents a wastage of between 4 per cent and
5 per cent of the total fuel consumption for every 1°F that
room temperatures exceed the desired value.

The function of the control equipment is to regulate the
output of the heating equipmient in a manner that will resuit
in the desired room temperatures being maintained within
reasonably constant limits despite variations in the in-
dependent factors which influence temperature conditions.
Chief among these factors is the outside air temperature;
others are heat dissipated within the rooms by occupants or
machinery, ventilation rates, solar-radiation heat gains, and
the cooling cffect of winds. A system which takes all these
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variable factors into consideration and does so individually
for each room is the ideal, but such an arrangemecnt, although
technically feasible, would have a high initial cost. A crude
system, on the other hand, would be expensive in fuel costs.
In practice, therefore, control systems effect a compromise,
aiming at the ideal as far as is practical.

In the most commonly-adoptcd method the automatic
control regulates the heat output of the whole installation by
adjusting the temperature of the main {low water in response
to changes in the outside air temperature. This “outside
compensation” of the flow temperaturc is made to be a linear
relationship and can be shown graphically as in Fig. 1. The
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Fi1c. 1—Heating-control characteristics

slope of the graph represents the amount of compensation,
and this is pre-set on initial calibration to suit the thermal
characteristics of the building. For every value of outside
temperature the flow temperature is set to a corresponding
value which will give the required heat output from the
radiators to achieve room temperatures of 65°F.

When the building is unoccupied it is usually unnecessary
to keep the rooms up to normal tcmperatures and the heating
plant can be switched off to save fuel. While it is off, the heat
stored in the fabric of the building continues to be lost and
room tempcratures will fall, As this heat loss must be made
good before normal temperatures can be restored, the plant
must be re-started some time before the staff comes on duty.
In cold weather the boiler-capacity margin may be insufficient



to restore the overnight loss with normal compensated-flow
operation. To cope with this situation, two alternative
methods of operation may be adopted.

The plant can remain off at night but, when started up,
the output is increased for a predetermined period until day-
time room temperatures are attained. This is known as a
“morning boost” condition, but, although an effective
method, it has the following drawbacks in very cold weather.
To protect the water in the system against freezing, a frost
thermostat must be provided to start the burner, if necessary,
during its off period. When the boiler is off overnight and has
cooled down considerably, it is subjected to severe thermal
shock when the burner starts. Until the boiler is warmed up
there is a likelihood of condensation of sulphuric acid from
the flue gases, leading to corrosion in the boiler flue-ways.

Alternatively, the plant can be run overnight at a reduced
output, thereby reducing the heat lost and, consequently,
the amount to be replaced in the morning. This arrangement,
known as ‘“‘night set-back’ or ‘“‘night depression,” overconies
the disadvantages of the former method while still offering
savings in fuel consumption. The thermal characteristics of
the building and its location will determine which method
gives the greater savings.

During night depression or morning boost the outside
compensation relationship remains unchanged but the
operating range is lowered in one case and raised in the other
(see Fig. 1). As with compensation, the amount of depression
and boost is pre-set on initial calibration. Change-over from
one condition to another is usually effected by a time switch
programmed to suit the occupancy of the building. Most
commercial equipment also provides facilities for manual
over-ride of the time switch, enabling the plant to be run
continuously in any one condition.

It will be apparent that the disadvantage of the com-
pensated-flow system, as described, is that heating for the
whole building is dictated by one thermostat on the assump-
tion that all parts of the building have a constantly similar heat
requirement. In large buildings, particularly where different
parts are used for different purposes, some rooms may sufier
variations in temperature greater than is acceptable. In-
dividual control of the heating equipment in such rooms may
be necessary because outside compensation will not respond
to incidental heat gains occurring within the rooms. In very
large buildings and in tall tower blocks there may be sig-
nificant differences in the outside temperature conditions
prevailing at various parts. It is usual in these cases to divide
the heating installation into a number of zones, each zone
being controlled independently by a separate outside com-
pensation system. Such installations will have multiple boiler
plant and will invariably require individual control on some
rooms as well, with the result that the overall control system
becomes large and complex.

CONTROL APPLICATIONS
Boiler Control

The first essential function in an automatic heating system
is control of the heat output from the boiler by regulating
the firing rate in the furnace so that the boiler-flow tempera-
ture remains constant. Methods of firing will depend on the
type of fuel being used, as this may be solid, liquid or gas.
The normal arrangement is to use a temperature sensing
device in the boiler flow to control the operation of the auto-
matic stoker, the oil burner or the gas valve, as the case may
be. For small-sized and medium-sized boilers, an on/off
control is the simplest arrangement. A flow thermostat starts
the burner when the temperature falls below the required
value; this is normally 180°F but it may be 190°F if morn-
ing boost is to be applied. When this temperature is reached
the burner is shut off, whereupon the temperature will
fall until the thermostat re-starts the burner. A slight
difference in the on and the off switching points is inherent

in the thermostat, and the amount of this differential, coupled
with the load on the boiler, determines the length of
timc the burner will fire each time it starts,

On larger boilers frequent starting and stopping of the
burner is undesirable and a closer control of the output is
required. Two-stage firing can be arranged by switching the
burner to a high or low rate under the control of a double
thermostat. A more precise control is possible by modulating
the flame to give a continuously variable firing rate. This
requires a control system having a variable output, as the
fuel and air supplies must be regulated while the burner is
running.

Outside Compensation

A temperature detector fixed on a wall outside the building
measures the outside air temperature and causes the necessary
proportional adjustment to the set point of a thermostat in
the water-flow pipe. Compensation can be applied directly
to the boiler output thereby varying the operating temperature
of the boiler, but there are disadvantages in this. When
return-water and flue-gas temperatures are low there is the
danger of condensation, particularly with oil or gas firing,
and this has a very damaging effect on the boiler. Another
disadvantage is that some parts of the installation, such as
unit heaters or a domestic hot-water calorifier, require water
at a higher constant temperature than is sometimes available
from a compensated flow.

A better arrangement is to allow the boiler to run at a
constant high temperature and to control the flow t2mperature
for the heating circuits by means of a mixing valve (Fig. 2).
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FiG. 2—Application of controls to a small heating installation

Low-temperature return-water is mixed with water from the
boiler to give a resultant mixed flow. The position of the
mixing valve is regulated so that the relative amounts of
boiler water and return water give a constant flow temperature
as long as the outside temperature remains unchanged. A rise
in outside temperature will cause the flow-thermostat setting
to be lowered and the mixing valve will, therefore, allow a
greater proportion of return water, resulting in a lower value
of flow temperature. The opposite effect will occur on a fall
of outside temperature. Set-back and boost are achieved by
biasing the relationship between the outside detector and the
flow thermostat to alter the operating range.

Local Controls

The need for local control of the heat emitters in some
rooms has already been mentioned. Overheating can be
prevented by a room thermostat which closes a valve to shut
off the water flow to radiators in that room, or, alternatively,
individual radiator valves may be thermostatically controlled.
The situation where one room must be kept up to normal
temperature at night when the main-flow temperature is
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depressed can be catered for in this manner. By increasing the
installed radiator surface a room temperature of 65°F can be
met under night set-back conditions. Overheating with
normal flow-temperatures during the day is then prevented
by a room thermostat set at 65°F.

Unit heaters will not operate satisfactorily in the samec
circuits as radiators because the lower values of coinpensated
flow-temperature result in relatively cool air being blown by
the fans. Control is best effected by installing the unit
heaters on a separate circuit supplied from the unmixed boiler
flow which is maintained at 180°F. Their output is then
regulated by switching the fans on and off with a room
thermostat.

CONTROL-SYSTEM ELEMENTS

An automatic control system for a complete installation is
built up from one or more control-system elements. Some of
these may be combined to interact with each other, while
others will perform independent opecrations. Each control
element is, in itself, a closed-loop systein in which information
about any change of a controlled condition is fed back to
equipment that will counteract the change and restore the
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F16. 3—Block schematic diagram of closed-loop control system

desired value of the condition (Fig. 3). A closed-loop system
must perform the following basic operational functions.

(i) Measure changes in the controlled condition.

(i) Translate the measurement into energy of appropriate
direction and amount,

(iif) Transmit the control energy from the point of trans-
Jation to the point of corrective action.

(iv) Use this energy to position a corrective unit which
will carry out the corrective change.

(v) Detect completion of correction.

(vi) Terminate the call for correction, to prevent over-
correction,

The controlled condition may be the temperature of air in
a room or of water in a pipe, but could alternatively be
pressures or levels, and could be in any medium. The functions
within the loop are performed by devices appropriate to the
operation of the system. Examples of such devices are given
in Table 1.

Table 1

Function Examples

(See Fig. 3)

Controlled Condition Water temperature; air temperature

Measuring Element

Bi-mctal; bellows; thermistor

Translation

Switch; variable resistance

Transmission ..

Pipes; mechanical linkages; electrical

circuits

Correcting Unit

Valve; damper; switch

Control Agent

Water flow; air flow

Controlling Energy

Heat from boiler

Control-System Encrgy

Electricity ; compressed air

156

Systems are classified into types acording to the means used
for translation and transmission of the control functions.
Control-system elements are classified into groups according
to the method by which the system acts. Three basic modes of
operational action are possible with any of the various types
of system.

Type of System Mode of Operation

Electric

Electronic Two-position
Pneumatic Floating
Hydraulic Proportional
Mechanical

There are, of course, many variations and extensions of
design within each mode to meet the numerous applications
for which each one is suited; this applies not only in the field
of heating but also for ventilation, air conditioning and
industrial processes. Electric and electronic systems are those
most commonly used in the British Post Office heating
installations and so examples from these will be described to
explain the operational principles of the different modes of
control.

Two-Position Control -

The basis of two-position control is a thermostat having a
snap-action switch. Movement of a bi-metal sensing element
in response to temperaturechange operates the switch to close
or open an electrical circuit. A finite temperature difference
is necessary for the sensing element to change the switch
position in each direction, and this gives rise to the operating
differential. Two-position control of a motorized valve is
shown in Fig. 4(a). Operation of the thermostat completes

AC SUPPLY
{MAINS OR
LOW VOLTAGE )

Ui
SWITCRES

L]

LINKAGE

) l

THERMOSTAT HOTOR

10 VALYE
(a) Simple
_ _ _ ‘LAC SUPPLY
(MAINS OR
— LOW VOLTAGE)
1Ll

|, _« | HIT
IT SWITEHES

HEATER ELEMENT _ !
TRERMOSTAT HOTOR

LINKAGE

TO YALYE
() Timed

F1G. 4---Two-position control

the circuit for a split-phase reversible a.c. motor which drives
in the appropriate direction until disconnected by a limit
switch at the end of its travel. Motor drive is transmitted via
reduction gears and a linkage to move the valve stem.

Once energized the motor must run to one or other of its
extreme positions and remain there until the sensing element
changes through its differential. The valve will, therefore, be
either fully open or fully closed and the controlled tempera-
ture will fluctuate up and down between two extremes.
In theory, this fluctuation would be the amount of the therm-
ostat differential, but, in practice, there is a certain amount
of over-shooting and under-shooting due to time lags in the



control system and the heating system, which delay the
response of the sensing element. For this reason simple two-
position control is rarely used for constant-temperature
regulation. It is, however, widely used in another form as an
open-loop system for alarms and safety devices.

Timed Two-Position Control

With timed, or accelerated, two-position control the circuit
arrangement is similar to simple two-position control except
that a small heater element is included in the thermostat (Fig.
4(b)). The action of this heater, placed adjacent to the sensing
element, overcomes the disadvantage of cyclic variations in
the controlled temperature. The heater warms up and cools
down alternately as it is switched on and short-circuited by
the thermostat contact. This results in the motorized valve
opening and closing at a fixed rate giving an average flow and,
hence, an average output from the heating circuit. If the
ambient temperature at the thermostat falls, then the sensing
element will warm up more slowly and cool down more
quickly, thus altering the on-to-off ratio. The motorized valve
remains open for a longer time during each switching cycle,
so the average flow is increased. A rise in ambient temperature
produces the opposite effect, thus decreasing the average flow.,
Since the thermostat detects general changes in ambient
temperature rather than cyclic changes produced by the
controlling action, the fluctuations in controlled temperature
due to system lag are greatly reduced. A relatively smooth
control is thereby obtained, producing a system suitable for
air-temperature or water-temperature control where normal
transfer lag is inherent.

Floating Control
Floating control employs a measuring unit having a
change-over contact with a mid off-position (Fig. 5). The
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contact makes on one side or the other at each end of the
sensing-element differential. While the controlled condition
is within the differential, the contact is floating in its mid off-
position. When the contact makes, the control motor drives
in the appropriate direction and continues until the sensing
element detects the restored condition, at which point the con-
tact breaks and the motor remains in its new position. The
valve may, therefore, take up any position between fully open
or fully closed.

If the system is slow in responding to corrective action, the
motor will drive each time until its limit switch operates, thus
causing the control to become unstable. Floating control can
only work satisfactorily in systems with a fast reaction rate
having very little lag, and where changes in load are slow. It is,
however, very accurate when operating correctly in a suitable
application such as pressure regulation or liquid-level control.

Proportional Control

In proportional control the measuring unit operates on a
different principle from that used in two-position and floating
control; instead of a switching action, its output is a variable
quantity which causes the correcting unit to be set to a
position proportional to the amount of deviation of the

controlled condition from its desired value. For temperature
control the sensing element is a vapour-filled sealed bellows
which expands and contracts in response to changes in
temperature, This is connected to the arm of a potentiometer
so that movement of the bellows is translated into variations
in electrical resistance. The control potentiometer is in the
circuit of a balance relay, the single floating contact of which
controls the reversible motor. Fig. 6 shows the control in its
mid-position,
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With the control in its mid-position, current through the
two halves of each potentiometer and through each coil of
the balance relay will be equal, so the relay contact is floating
and the motor is disconnected. Movement of the control
potentiomcter to a new position will increase the current
through one coil and decrease the current through the other
coil, causing the balance relay to operate and complete the
motor circuit, The motor drives in the direction appropriate
to the control-potentiometer movement. At the same time,
the motor feedback potentiometer moves in the opposite
direction to restore current balance through the parallel
circuits of the relay coils. On reaching balance the drive is
disconnected and the motor remains in its new position.
The amount by which the motor moves is proportional to
the amount by which the control potentiometer has moved,
and the motor can take up any stationary position between
either end of its operating range. Thus, the motor position is
a continuous linear function of the controlled temperature
and there is a different position for every value of controlled
temperature.

The range of temperature values corresponding to full
movement of the motor is termed the proportional band of
the system. Internal feedback results in a very stable control-
ling action, but the temperature will be somewhere within
the proportional band rather than precisely at the desired
value, This offset can be kept small if the external transfer lag
is not excessive. Where an offset of a few degrees is acceptable,
proportional control will, therefore, give excellent results.

Electronic Proportional Control

Electronic control systems have a very quick and sensitive
response and differ from most others in that the sensing
element is separated from the measuring and controlling
elements, The sensing element, which is normally a thermistor,
has a variable resistance-temperature characteristic. Being
simple in construction, with low mass and having no moving
parts, the thermistor provides rapid response to load changes.
The changes in resistance are, however, too small to permit
the clement to be used directly in a relay circuit so it must
operate in conjunction with an a.c. bridge and an amplifier
(Fig. 7). Strictly speaking, the amplifier is the only electronic

157



portion, but sensing and translation are effected by static
devices and the name ‘‘electronic” is given to the whole
system. The output relays and motors are, of course, electro-
mechanical.
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From an initial-balance condition any change in sensing-
element resistance results in bridge unbalance, producing an
a.c. signal across the bridge output. The phase of the signal
will indicate the direction of the change, and the amplitude will
indicate the magnitude of the change. The output from the
bridge is fed into a phase-discriminating amplifier, and the
system is calibrated so that the signal voltage will be zero
when the controlled temperature is at the desired value.
A deviation in temperature causes a change in sensor resist-
ance, resulting in a signal to the amplifier. Depending on the
phase of this signal the appropriate output relay will operate
to drive the motor in the required direction. Motor drive
continues until the feedback potentiometer has restored the
the bridge balance condition, thus removing the input signal
from the amplifier.

The input bridge of an electronic control circuit can easily
be adapted to give many facilities. For example, resistor R3
can be replaced by a second sensing element so that the
system output is then the vector sum of two independently
variable inputs. This can form the basis for an outside-
temperature compensation control, with the R2 sensor in
the mixed-water flow, the R3 sensor measuring the outside
air, and the motor controlling the mixing valve. Further
resistors can be incorporated into the bridge under the
control of a time switch to give the necessary biasing con-
ditions for set-back and boost operation.

Proportional-Plus-Integral Control

It is possible to combine the stability of proportional control
with the accuracy of floating control, even in applications
where transfer lags are great and load changes are rapid.

In a particular form of floating control the rate of driving
the correcting unit is made proportional to the deviation from
the desired value; the motor drives while a deviation exists,
but at a decreasing speed as the desired value is approached.
This is known as integral control, and it can be used to
correct the offset inherent in a proportional-control system,
Difficulties arise if proportional control alone is applied to
systems having large transfer lag; wide proportional bands
must be used to avoid hunting and this results in large
offset.

When proportional and integral action are used together,
the proportional action of the combined system responds to
changes in load and sets the motor to an appropriate position.
Integral action continues to drive the motor by a series of
pulses until the desired value of the controlled condition has
been reset. The rate of these pulses is proportional to the
amount of offset and will decrease towards zero when the
desired value is reached. Comparatively-wide proportional
bands may, therefore, be used to achieve stability because
integral action will continue as long as a deviation exists and
until the offset is eliminated.

A detailed explanation of the electronic circuits for pro-
portional-plus-integral control is beyond the scope of this
article. Briefly, however, the motor-feedback potentiometer,
instead of being in the input bridge, is arranged to cause
unbalance within the amplifier when proportional action has
occurred. This produces the pulsed output to drive the motor
until the desired value is reached. The input bridge balance is
thus restored and the amplifier input-signal disappears.

CONCLUSIONS

At the design stage of an installation the controls have to be
selected carefully in order to ensure their suitability for
particular applications. No control system can maintain
absolutely constant conditions, but this ideal is being more
closely approached as the science of control advances.
The required degree of accuracy and the availability of
control energy must be weighed against complexity and cost
in choosing the type of system to be employed for a particular
installation, and in choosing the mode of operation for the
individual control-system elenients.

A very wide range of control equipment is now com-
mercially available from the many manufacturers in this field,
and introduction of transistor-type amplifiers is leading to
the more sophisticated electronic systems being used for
applications hitherto considered uneconomic. Controls are,
therefore, being incorporated into heating installations of all
sizes to an ever increasing degree, and, with rising fuel costs,
it is imperative that the equipment functions correctly to
do the job for which it is provided. This establishes the need
for adequate knowledge and understanding of the principles
involved so that operation and maintenance will be of the
necessary high standard.

Book Review

“Antennas.” L. B. Blake. John Wiley and Sons, Ltd. 415 pp.
138 ill. S6s. (cloth) 30s. (paper).

This well-prepared textbook has clarity of presentation and
carefulattention to the correctness of terminology (American).
It is intended for the technician who prefers not to become
involved in higher mathematics and for the professional
engineer not working on this rather specialized subject.
It makes pleasant reading and, for the more intent, provides
problems and exercises which are given at the end of each
chapter.

The first three chapters deal with electromagnetic waves
in general terms, using optical principles to illustrate their
characteristics, and they include the principles of transmission
lines, the behaviour of waveguides and components, and
descriptions of the terms and components used in aerials.
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Chapter 4 covers the basic forms of radiating elements,
including long-wire and loop aerials, slot radiators and
methods of feeding aerials.

Basic array theory, with illustrations of various forms of
arrays, are given and a chapter is devoted to reflectors and
lenses followed by various ‘“‘special” types such as the log-
periodic, biconical and direction-finding aerials. In this era
of space communications, low-noise aspects are given only a
small section in the penultimate chapter, although an ele-
mentary treatment of noise is given in the final chapter on
measurements. This chapter also complctes some of the
definitions used in this field. The author finally quotes a claim
for a low-noise aerial having a noise temperature of 4-5°K.
This is an improbable figure, and it is surprising that this flaw
should appear in an otherwise excellent book.
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Ploughs for Laying Duct and Cable

F. L. BEST and R. W. MARTIN?

U.D.C. 631.312 : 621.315.235 : 621.315.671

Increasing use is being made of ploughs to lay cable and duct direct in the ground. This is a brief account
of the general practice of mole ploughing as carried out by the Post Office and the development of ploughs
Jor the job. The major factors and conditions affecting the methods employed and the design of the ploughs,
together with techniques which may be exploited on new designs, are described.

INTRODUCTION

Using a mechanical aid to bury wire or cable direct in the
ground is not new. It is recorded that during the Crimean
War an ordinary ploughshare was used to make a furrow in
which wires for telegraph circuits were buried.

In principle, cable and duct could be laid by plough in
almost any condition of ground if the cable plough is suffi-
ciently robust, sufficient power is available to pull it, there is
sufficient room to operate and the degree of soil disturbance
and surface damage can be tolerated. For example, given
adequate power and a stout plough it would be possible to
plough in a cable along a concrete airport runway but the
surface damage would be intolerable.

In general, the design of cable-laying machines has been
based on agricultural moledrainers or subsoilers.

The moledrainer is a machine for making land drains and
consists essentially of a vertical blade with a mole, a length
of round steel bar about 2-3 in. diameter, attached to the
lower end. As the blade is pulled through the ground, the
mole compresses the earth and leaves a drainage channel in
the soil. Moledrainers were developed early in the 19th
century when mobile steam ploughing engines became avail-
able and were able to provide the power necessary to pull a
moledrainer blade through the soil.

A typical arrangement of a mole and blade is shown on
the Ranscme moledrainer, model C.1.E. (Fig. 1). On this

FiG. 1—Ransome C.1.E. moledrainer showing connexion of the
cable to the mole

T Mr. Best is in the Telephone Manager’s Office Colchester, but was
formerly in the Mcchanical and Civil Engineering Branch, Telecom-
munications Development Department, Telecommunication Head-
quarlers. Mr. Martin is in the latter branch.

particular machine the depth can be controlled by a hand-
operated screw jack so that it is possible to maintain a steady
slope when making a land drain.

EARLY DEVELOPMENT

The moledrainer, then, was a simple and quick, if brutal,
method of forming a long hole in the ground and the hole
was enlarged as necessary by expanders following a short
distance behind the mole to which they were attached by a
short length of chain. The possibility of drawing in a cable
in a similar manner offered an economic system of cable
installation. The cable was attached to the mole by a short
length of galvanized-iron wire, which acted as a mechanical
fuse to avoid overstressing the cable, and the leading end of
the cable was protected by a metal sleeve (Fig. 1).

However, the method was not so simple or as effective as
would appear from first studies. The cable had to be protected
against mechanical damage and corrosion and, when so
protected and armoured, the cables were stiff and rough. As
a result, because of heavy friction between the cable and the
wall of the moledrained channel, it was, at times, only pos-
sible to pull in very short lengths of cable before the mecha-
nical fuse failed. It was then necessary to cut the cable and
start pulling in another length from the point at which the
mechanical fuse had failed. This, of course, made the job
rather slow and increased the number of joints, the positions
of which could not be determined in advance. Nevertheless,
in the 1930’s a number of junction cables were laid in East
Anglia where soil conditions are favourable! and during the
1939-45 war a considerable amount of cable was installed
by moleplough around airfields and other military installations.

During this period, a method was devised whereby the
cable was laid by passing it down a guide tube attached to
the rear of the moledrainer blade. This method placed no
strain on the cable so that unarmoured cables could be
used and, barring obstacles, the length of cable which could
be laid was limited only by the standard lengths of cable.

In 1947 the Post Office purchased a number of Ransome
model C.1.E. moledrainers which were modified for cable
laying by fitting one, two or three cable tubes behind the
blade, as shown in Fig. 2. Thus it was possible to lay up to
three cables simultaneously.

OPERATING REQUIREMENTS

Much work was done with these machines despite certain
shortcomings. The Ransome plough was heavy, about 11 cwt,
and required a clear path 5 ft wide in order to operate. If
obstacles were encountered, cable could not be removed
from the guide tubes without cutting it and the moledrained
channel left in the soil was used as a run by rodents which
seem to thrive on pitch, hessian and lead, and caused a
considerable amount of cable damage.
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Fi6. 2—Ransome C.!.E. moledrainer modified for cable laying
by the addition ef cablc tubes.

ﬂThe last two disadvantages could be overcome by fitting
a cable guide with a removable back, instead of guide tubes,
and redesigning the mole so that soil was left loose and
collapsed on to the cable. Even so it was realized that if the
best use was to be made of cable ploughs then a machine
designed to operate within the limits imposed by the geo-
graphy of the country was required.

In some parts of the world, notably North America and
Australia, conditions have made it possible to develop and
use large moleploughs pulled directly by large caterpillar-
tracked tractors which sometimes also tow a cable-drum
trailer behind the plough.

Rural conditions in the United Kingdom often consist of
narrow winding roads with restricted grass verges which
have an underlying mat of roots from adjacent hedgerows
and trees; the verge may also be bordered either by an
embankment or a ditch with gullies at frequent intervals to
allow rain water to drain off the road into the ditch. Some-
times there may be only a ditch or embankment and it may
be necessary to lay a cable in either one of these. These con-
ditions impose many limits on both the design of the mole-
plough and the method of operation.

The method most suitable for general use in this country
is to haul the plough by winch. The winch is fitted to an
industrial-type wheeled tractor which has a hinged-sprag
type anchor at the rear and is also often equipped with a
hydraulically-operated loader that is used for handling the
plough and drums of cable.

This method is very flexible because it is only necessary to
find stations for the tractor at intervals not exceeding the
length of the winch rope, 225 ft, and the plough can be pulled
through quite narrow gaps providing it is possible for the
tractor to take up a position on the far side of the gap. The
tractor positions need be only approximately in line with
the line of the cable route because the direction of pull can
be adjusted, as necessary, by passing the rope through a
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suitably positioned snatch block. This may be attached to
a spade-type anchor or tree or any convenient point stout
enough to withstand the strain.

This method of working entails using a mechanical fuse
to limit the line pull so that the stability of the tractor is not
endangered or the structure overstressed. The fuse breaks
at a predetermined load and, when breaking, dissipates
a large proportion of the strain energy of the winch rope so
that the rope does not flail dangerously. The fuse used by the
Post Office consists of a length of seven-strand 8 s.w.g. stay
wire with an eye formed at each end. The fuse is 3 ft long
and the nominal breaking strain is 9,800 1b. Rope strain
energy is dissipated by the elongation which the fuse under-
goes between the yield point and the breaking stress.

The plough itself must be quite narrow, preferably not
more than 18 in. wide at any point, and, in order to minimize
cable damage, it must not make a channel which can be used
as a rodent run. It must be strong enough to withstand direct
pulls of § tons plus shock loads caused by striking under-
ground obstructions, and yet it must be reasonably light and
fairly portable. Also it should preferably be simple to manu-
facture, maintain and repair.

A number of small skid-type agricultural moledrainers
were investigated and some, such as the Auto-Mower
machine (Fig. 3), although readily adapted for cable laying,

Fic. 3—Auto-Mower skid-type agricultural moledrainer

were not entirely suitable for Post Office work. So in 1953,
after a number of experiments, the first Post Office designed
machine, Moleplough No. 1, was produced.

MOLEPLOUGH NO. 1

This machine (Fig. 4) is 8 ft 4 in. long, weighs approxi-
mately 31cwt, and can lay cable at a maximum depth of
18 in. Tt is made of mild-steel angle, sheet and bar except for
the blade, for which a higher-tensile steel is required, and the
seat spring that is made of a high-carbon spring steel.

At the foot of the blade, in place of the round mole used
on agricultural moledrainers, is a flat plate4 in. wide and 4 in.
thick. The front end of this plate is pointed and chamfered and
isturneddown at an angle of [ 5 degrees. This turn-down at the
front of the foot produces a downward force which helps to
keep the blade in the ground at the set depth. The passage of
this blade through the ground leaves the subsoil loose around
the cable and so prevents the formation of an open rodent
run,

The cable guide fits immediately behind the blade and
tapers in cross-section from % in. wide at the leading edge to
14 in. wide at the rear. The removable back enables cable to
be easily placed in the guide and removed without cutting.
The rotating-disk coulter at the front of the plough cuts
cleanly through grass and roots to a depth of 3 in. and helps
to minimize surface disturbance. The seat at the rear end is
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F1G. 4—Post Office Moleplough No. 1

intended for one man to sit on the machine and fced the
cable in to the cable guide and the wheel underneath the seat
enables the plough to be moved for short distances in wheel-
barrow fashion.

The machine has not changed basically since its intro-
duction but a number of modifications have been made to
simplify or improve construction and the cable guide, which
originally could accommodate one cable 1 in. diameter and
one cable 08 in. diameter, can now take two cables 1-125in.
diameter.

The Moleplough No. | operates satisfactorily in both light
and heavy soils which are generally free from large stones
but, in other conditions, there is often difficulty in main-
taining depth and the force needed to haul the moleplough
is often more than would appear necessary.

A great increase in the use of moleploughs was brought
about by the advent of polythene-sheathed cable which was
lighter, more flexible and cleaner to handle than its lead-
sheathed counterpart and could be buried direct in the
ground without any additional protection against corrosion.
A machine capable of working satisfactorily in a wider range
of conditions and able to lay larger diameter cables was
therefore required.

In 1959 the National Institute of Agricultural Engineering
(N.ILA.E.) carried out a number of tests with a Moleplough
No. 12 and concluded that several factors were contributing
to the excessive draught or force required to pull the machine
and other unsatisfactory features. These were primarily:

(a) The narrow slit made by the blade was expanded by
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the diverging side plates of the cable guide. The soil exerted
considerable friction on the side plates and so increased the
draught.

() The junction between the vertical part of the blade and
the foot was a dead spot over which the soil did not flow.
Blocks of soil collected at this point on both sides of the
blade and friction between these blocks and the surrounding
soil increased the draught.

(¢) Depth-control skids on the chassis, and adjacent to
the blade, pressed down on the wave of soil raised by, and
flowing past, the blade and so increased friction between the
machine and the soil.

(d) The weight of the plough, plus the downward force
exerted by the soil on the blade foot, was insufficient to over-
come the upward force exerted by the soil on the near vertical
blade, hence the difficulty in maintaining an even working
depth.

The N.ILA.E. also concluded that the most important fault
in design was the attempt to make a wide slit by expanding
a narrow one: use of a wide blade, with side clearance
to reduce soil-metal friction, would have considerably less
draught.

Following on from this work, the N.I.A.E. designed a new
cable-laying plough (Fig. 5) using as the main working part
a standard commercial subsoiler tine with a replaceable
point. The tine was non-adjustable and so the operating
depth was adjusted by a variable geometry chassis.

Twelve machines were made to this design and placed in
service. Their performance was generally good, the draught
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Fic. 5—National Institute of Agricultural Engineering cable-laying plough
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in particular often being some 30-35 per cent lower than that
of a Moleplough No. 1 operating in similar conditions but
the chassis exhibited a number of weaknesses and there were
handling difficulties due to the size and weight of the machine.
A plough was therefore designed employing the same basic
principles as the N.ILA.E. plough insofar as its mode of
operation in the soil was concerned but with a fixed chassis
and an adjustable blade. This machine was designated
Moleplough No. 2.

MOLEPLOUGH NO. 2

The chassis of the Moleplough No. 2 is constructed largely
of rectangular steel tube and rests on the ground at two
points only, the front skid and the rear roller, as shown in
Fig. 6. In between these points the chassis is clear of the

F16. 6—Post Office Moleplough No. 2

ground and so does not restrict the wave of soil flowing past
the blade. The blade is 1% in. thick and the depth at which
cable is laid is regulated by a series of holes in the blade, the
maximum depth being 18 in. Two cable guides are provided,
the larger one being able to accommodate cables up to 13 in.
diameter, including Cable, P.C.Q.T. (Motorway). This larger
cable guide is thicker than the blade and so, in order to
relieve soil pressure on the side plates, the leading edge of
the guide has been made approximately % in. thicker than
the body of the guide and is stepped to give side clearance.

The blade has a replaceable foot and some of the down-
ward force exerted by the soil on the foot is transferred to
the roller and is utilized to assist in flattening the ridge of
soil raised by the passage of the blade.

The disk coulter is placed much nearer the blade than on
the Moleplough No. 1 and this close coupling of coulter and
blade makes it easier to negotiate sharp bends.

Despite extensive use of high-strength lightweight sections
in the construction of the plough it became apparent that
the weight and size of the machine as a whole would create
some manual-handling problems and difficulty in transporting
it in smaller vehicles, e.g. Land Rovers. The chassis has been
constructed, therefore, in five parts, skid, front chassis,
blade housing, roller and handle. The blade and cable guides
are the other main components. All parts are assembled by
pins most of which have drop noses to retain them in position
and are rust-proofed by sheradizing. The handle fits into a
socket in the blade housing and can be arranged either
vertically or horizontally. A lifting point is fitted so that the
machine as a whole can be lifted if a suitable mechanical aid
is available.

Because of the urgent demand for moleploughs, the Mole-
plough No. 2 has been manufactured and placed in service
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after a comparatively brief development period and further
work remains to be done to improve its performance and to
enable cables to be laid at greater depths.

LAYING DUCT

During the development period of the Moleplough No. 2
a number of trials were made of laying rigid PVC duct by
moleplough.? The duct was attached to the blade and pulled
into the ground behind it in a similar manner to the method
originally employed to lay armoured cables.

This required the development of fittings to allow the duct
to be attached to the blade and, if necessary, to release it
without excavating. Such fittings have been designed for the
Moleplough No. 2 and form part of the standard equipment
supplied with the machine. The Adapter, Duct Laying, fits
to the rear of the blade in place of the cable guide.

NEW PLOUGHS

Experience in recent years has shown the need for a robust
plough able to operate in a wide range of conditions, and it
is for this purpose that the Moleplough No. 2 has been
designed.

Experience has also shown that with the increasing use of
moleploughs there is room for a lighter plough specifically
designed to work in a limited range of conditions. In fact
two other ploughs have been designed and will shortly
become available.

The first of these, Moleplough No. 3, will utilize the blade
and cable guide of the Moleplough No. 1 mounted in a
simplified skid-type chassis based on the Auto-Mower mole-
drainer (Fig. 3). This machine will operate satisfactorily in
soils generally free from large stones.

The second new machine, Moleplough No. 4, is designed
for laying armoured-polythene cables on new housing estates.
It will lay cable either 9 in. or 14 in. deep and will have no
cable guide. The cable will be attached directly to the lower
end of the blade and be pulled into the ground. Because of
the smooth polythene sheath, soil-cable friction will be quite
low. The Moleplough No. 4 will weigh approximately 120 Ib.

NEW DEVELOPMENTS

Recently, the merits of vibrating the blade of a plough in
order to reduce soil friction and lower the draught have been
investigated.

A considerable amount of work on vibrating-blade ploughs
has been done in North America where, in some areas, the
formation of hard pan is a growing problem. Hard pan is
a consolidated layer of subsoil which tends to form below
normal cultivation depths in land subjected to intensive
mechanized farming using heavy machinery. Subsoiler tools
used to break up this compressed layer require very large
forces to pull them.

Reductions in draught of the order of 50-80 per cent may
be achieved by vibrating the tool. Power is required to vibrate
the tool and this can be supplied by the tractor via a power
take-off or by a separate power source mounted on the
plough. A vibrated plough also causes less surface disturbance.

American utility companies have taken advantage of this
vibration principle to develop cable-laying and pipe-laying
ploughs which can lay telephone cables and other services
with minimal damage to cultivated grass, etc. The various
machines so far developed vary in size from a one-man
operated machine powered by a 12 h.p. engine and designed
to install lead-in cables to houses across open-plan grass
frontages to large machines laying 1% in.-2in. diameter
cables at 36 in. depth on which the vibrator alone absorbs
some 60-70 h.p.

In all but one machine a vertical movement is excited in the
blade by two synchronized eccentric masses rotating in



opposite directions. In the other machine the blade is posi-
tively moved by a slider-crank mechanisin and a small orbital
movement is produced at the tip of the blade, thus using the
inertia of the plough to literally hammer the tool forward
through the soil.

1n general, the overall power required to operate a vibrating-
blade plough is about the same as for a conventional machine
but the reduced draught of the former permits the use of
lighter tractors with a consequent reduction in surface
damage. Vibrating the tool can also reduce the draught
enough to enable a tractor to maintain forward movement
across soft, slippery or other difficult ground where it is not
possible to develop suflicient draught to pull a non-vibrated
machine.

Research into modes and frequency of vibration could
possibly enable the draught of a plough to be reduced to a
fraction of that of current machines. One avenue still to be
explored is the use of very high frequency vibration which
could have the effect of making the soil around the tool fluid.

This technique has already been applied to deep-driven piles
with considerable success.

CONCLUSION

The need for a duct-laying and cable-laying machine has
led to progressive development and many new avenues are
about to be explored. The development of an acceptably-
sized self-propelled machine operated by one man and capable
of laying 14 in. diameter cables at 18 in. depth now seems
possible.
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A New Cartridge-Type Fixing Gun

M. R. G. RUMP, AMILED.¥

U.D.C. 691.88.087

The cartridge-type fixing gun is a valuable aid in erecting light-load-bearing fixtures. A new type of tool has
been adopted that should be safer in use than older designs. The precautions that are essential in using tools

of this type are described.

INTRODUCTION

The cartridge-type fixing gun is a fixing tool that can drive
a pin or threaded stud into wood, brick, concrete or mild
steel without requiring a previously-drilled hole. The energy
required to make this type of fixing is obtained from blank
cartridges of varying strengths. Over a number of years tools
of this type have increased in popularity in the building
industry, and, since their original conception, they have
undergone changes to make them more reliable and safe.

DANGERS ASSOCIATED WITH EXISTING TOOLS

The basic dangers with the cartridge-type fixing gun have
been overdriving and ricochets of the pin or stud. Ricochets
are caused when the pin or stud is fired into a non-homo-
geneous material, such as concrete, in which the existence of a
piece of hard aggregate may deflect the stud in such a manner
that it can turn back on itself with sufficient force to cause an
injury to the operator of the tool. Overdriving describes the
condition when the pin or stud is fired into a material with too
great a velocity, so that it passes through the material and
continues in flight as a projectile on the other side.

ALTERNATIVE SYSTEMS OF OPERATION

The principles of operation of the different types of cart-
ridge-assisted fixing tools are as follows.

In the first type (Fig. 1 (@)), all the energy from the cartridge,

¥ Civil and Mechanical Engineering Branch, Telecommunications
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Fic. 1—Types of fixing gun
except for the small amount expended in noise, heat and
deformation of the cartridge casing, is transferred to the pinin
the form of kinetic energy, whereas in the second type
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(Fig. 1(b)) the energy from the cartridge is transferred to a
plunger which drives the fixing. The second, third and fourth
types (Fig. 1 (b)—(d)) are almost identical in their operation,
as the energy from the cartridge accelerates a plunger which
in turn drives the pin or stud into the material.

Because of their “direct’ operation tools of the first type
are referred to as direct-acting tools, whereas the other types
are referred to as indirect-acting, since the plunger is an
intermediary between the cartridge and the stud or pin.
While an impulse of much the same magnitude is produced in
each type of machine, the comparatively high mass of the
plunger results in much lower muzzle velocities with indirect-
action tools. Direct-acting tools have muzzle velocities of
850-1,400 ft/sec, whereas with indirect-acting tools the
muzzle velocity lies between 50 ft/sec and 300 ft/sec.

DESCRIPTION OF NEW TOOL

A tool of the low-velocity type has recently been adopted
for general use in the British Post Office. The principle used

e g
Fic. 3—Inserting cartridge in new-type tool
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FiG. 2—New-type fixing tool
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in this tool, of directing the pin or stud into a wall or structure
via a plunger, is much safer, and the new item (Fig. 2) embodies
the other necessary requirements, which are (a) it should be
easy to use, and (b) it should require little maintenance. This
latter requirement involves the number of parts to be dis-
mantled and the ease with which dismantling and re-assembly
can be carried out. Fig. 3 shows a cartridge being inserted in
the new tool.

SAFETY PRECAUTIONS

Used sensibly, the new tool involves negligible risk. As with
all power-operated tools, however, it is essential for the
operator to observe certain precautions to prevent accidents
occurring. The more-important precautions are listed below.

(i) Only trained operators should use the tool.

(ii) The gun must never be pointed at anybody, and should
be kept unloaded when not in use.

(iii) The operators should wear eye shields, safety helmets
and, if necessary, ear protectors.

(iv) The gun must be retained in position for at least 30
seconds if the cartridge fails to detonate.

(v) Pins must not be fired into very soft or brittle materials,
holes made by a previous attempt, existing holes or near
corners of walls.

(vi) The tool should not be used in premises where there
is a risk of fire or explosion.

(vii) When not in use, the gun must always be kept locked
in its container,

(viii) The weakest cartridge must always be used for the
first fixing, progressively stronger cartridges being used, if
necessary, to give the correct strength.

PERFORMANCE

Some of the main uses of this tool are: fixing battens for
cabling, fixing saddles for conduit, and providing other
light-load-bearing fixtures in brick, concrete or mild steel.
The tool is already in use and in one Telephone Area two men
with one of these guns made 500 fixings in a 10-hour day.
This job involved running a cable in a small tunnel where
working space was restricted by other plant and by the
overall height of the tunnel. Using ordinary methods this
operation would have been arduous and costly.



An Electronic Automatic Call Sender for Testing
New Telephone Exchange Installations

R. H. MACKIETY

U.D.C. 621.395.722.001.41:621.395.63:621.395.345

The advent of electronic telephone exchanges has led to new methods of acceptance testing, The generval
principles of these new methods are discussed, and the part played by the call sender in the new methods of
testing is explained. The operation of the new tester—a multi-sender traffic-sinunlating equipment—is
described, and the development of a more advanced model, using integrated circuits, is mentioned,

INTRODUCTION

With the arrival of electronic telephone exchanges it has been
possible to introduce a new and streamlined method of
acceptance testing exchange equipincent provided under
contract. The use, on site, of functional testers for individual
items of equipment is bcing abandoned, except where such
testers are absolutely necessary as commissioning aids. It is
held that the nature of the devices used in electronic exchanges
is such that, if the general quality of the equipment is sound,
the functional tests carried out at the end of the production
line at the manufacturer’s works should provide a reasonable
safeguard against the installation of faulty itcms. It follows
from this that great emphasis must be placed on quality-
control methods and a very searching final functional test in
the factory, if the obviously unacceptable situation where a
substantial quantity of equipment is shown to be faulty in
somerespect atanadvanced stage of the exchange installation
is to be avoided.

When a new clectronic exchange has been installed for
the British Post Office, the contractor carries out a testing
process according to a jointly-agreed commissioning schedule.
The Post Office clerk of works monitors this process to
satisfy himself that each stage has been completed satis-
factorily. An exchange is said to be commissioned when all
the facilities specified for the system have been provided and
tested, all site and factory wiring has been completed and
checked, and all equipment provided under the contract is in
working order. It is necessary at this stage to provide some
final test to assess the quality of service that the public may
expect when the exchange is opened. The most satisfactory
way of doing this is to pass a number of calls into the system.
A represcntative sample involves a large number of calls,
with a sufficient number taking place simultaneously to
ensure that the calls are spread fairly evenly over all the
exchange equipment. The calls must also be carefully con-
trolled in order that the performance of the exchange may
be accurately judged. The automatic call sender described
in this article has been designed for that purpose.

FINAL ACCEPTANCE BASED UPON
PREDICTED QUALITY OF SERVICE

The final acceptance by the British Post Office of a new
telephone exchange installation is based upon the theoretical
probability of accepting a unit with grcater than a given call-
failurc rate when taking a sample of finite size with a fixed

t Exchange Equipment Design and Installation Standards
Branch, Telecommunications Dcvelopment Department, Tele-
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rejection-figure. An exchange network, during its lifctime
will establish an infinitely large number of connexions: this is
so irrespective of the size of the exchange or its calling rate.
The sample size may thercfore be independent of the size of
the unit being tested. It is only necessary to ensure that the
calls making up the samiplc arc set up in a random fashion,
Fig. 1 shows a family of curves dcrived from Poisson’s
cxponential binomial limit. Each curve represents the prob-
ability of the whole population of calls, i.e. thc exchange
performance, having a given failure rate, based on the sample
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FiG. 1—Family of sampling curves each giving approximately
1 per cent risk of accepting an exchange with greater than
0-25 per cent call-failure rate
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size and rejection figure shown. Thus, taking curve C for a
sample size of 30,000 calls, and with an acceptance figure of
56 failures, the probability is less than 1 in 100 that the
cxchange has a failure rate of 2-5 calls, or more, per 1,000.
At the other extreme, thc probability is less than 5 in 100
that the true performance is 1-5 call failures, or less, per
1,000. Alternatively, this means that if equipment is manu-
factured and installed to give a standard represented by a
call-failure rate of 1-5 calls per 1,000, there would be a
5 per cent risk of rcjecting a particular exchange, using the
sample size and rejection figure quoted. The first probability,
1 in 100, is usually taken as the risk to the Post Office of
accepting a bad exchange, while the second probability, 5 in
100, is taken as the contractor’s risk of having a good exchange
rejected. If a smaller sample size is chosen, say 5,000 with an
acceptance figure of 4, curve A, the manufacturing and
installation objectives beccome very much higher in order to
achieve the same degree of risk. Fig. 2 shows a practical
operating curve; the sample size is 20,000 calls with an
acceptance figure of 50. Thus, if equipment is manufactured
and installed so that an average failure rate of 2 calls per
1,000 is to be expected, the risk of accepting a particular
exchange with a failure rate of 3-4 calls per 1,000, or more,
is less than 1 in 100. The contractor’s risk of having an
exchange wrongly rejected, when its true performance is
better than 2 calls lost per 1,000, is 5 in 100.

At the end of the commissioning period, when the installing
contractor is satisfied with its performance, the exchange
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equipment is handed over to the Post Officc clerk of works
so that hc may carry out a final acceptance test based upon
the principles described above. The clerk of works will
prepare a schedule of 20,080 test calls in such a fashion that
all types of routing and all classes of subscribers’ line circuit
receive an appropriate proportion of the total number of
calls. Outgoing and incoming routes arec tested by tem-
porarily looping outgoing junctions back into incoming
junctions, as failures duc to thc external lines and network
must be eliminated. The test programs are so arranged that
the maximum number of calls possible take place simul-
tancously, while at the same time they ensure that no sig-
nificant risk of congestion is present.

The call sender pulsing-out circuits (senders) arc connected
to subscribers’ linc circuits, which scrve as inlets to the
network. The call sender is then programmed by writing into
its store the first 50 test numnbers from the schedule. The
50 subscribers’ line circuits sclected by this program are
individually connected to test-number relay-sets contained
in a portable answering circuit. The call sender is then
instructed to give thc appropriate conditions to the linc
circuits selected as inlets, depending on whether they are
ordinary, shared-servicc or coin-box circuits, and the test
cycle is started. At intervals during the 20,000-call final
acceptance test, and in accordance with the schedule prepared
by the clerk of works, the program is altercd and the inlets
changed.

A feature of the new electronic cxchanges is their ability to
initiate a second attempt to establish a connexion should the
first attempt fail. It is therefore necessary, when totalling
the failures that occur during the test, to add the second-
attempt registrations to the failures detected by the call
sender itself. Also, as the tcst progresses, the fault indication
given by the call sender is studied in conjunction with the
information given by the exchange maintenance-data recorder.
When any pattern is cstablished that suggests that a single
fault is causing a significant number of call failures or repeat
attempts, the test is stopped. The contractor will diagnosc,
trace and clear the fault, and the recorded failures that are
attributed to this fault are counted as one defect by the clerk
of works when he is satisfied that the fault has, in fact, been
cleared. This would normally be after a further quantity of
calls had been passed without a failure of the same type
occurring. As a further aid to fault diagnosis the exchange
traffic recorder may be run while the test is being carried out.
Any inter-switch trunk that does not appear to be receiving
its sharc of the traffic is checked. At any time during the test,
individual failures can be investigated. It is, however, the
intention, ultimately, when the quality of the equipment
permits, to adhere strictly to the 50-call-failures principle, no
fault location taking place during the test.

If at any time the actual failurcs exceed the acceptance
number, set at 50 initially, then the exchange is handed back
to the installing contractor for further attention. If at the end
of 20,000 calls the acceptance number has not been exceeded,
the exchange is accepted from the contractor as fit for scrvice.

DESCRIPTION OF THE SYSTEM

So that the use of thc call sender shall be as comprehensive
as possible the system has been designed for the following
applications.

(a) The acceptance testing of

(i) electronic exchanges,
(i) crossbar exchanges,
(iii) Strowger exchanges,
(iv) p.a.b.x. systems, and
(v) p.c.m. systems.

(&) Pre-transfer testing of the trunk and junction network
associated with new exchangc cquipment.

Fig. 3 shows the appearance of the automatic call-sender
equipment.
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The front covers are removed to show the shelf and tray assembly
FI16. 3—Automatic call-sender

Choice of Answer Condition

Pre-transfer testing of the trunk and junction network
involves passing calls from the new exchange equipment over
a trunk or junction route into the distant exchange equipment
associated with that route. The obvious choice therefore for
an answer condition to the call sender is test-number tone
(inverted ring-tone) as test-number relay-sets are provided
on the basis of one per 1,000 subscribers’ lines at all local
exchanges. When acceptance testing a new exchange instal-
lation the calls must, by the nature of the test, be confined
within the unit under consideration. It is, therefore, necessary
to provide inverted-ring-tone answer conditions on all the
line circuits selected for the program. A portable answering
circuit has been designed for this purpose.

Outline of Operation

Calls are passed from individual senders under the control
of high-speed common equipment. Each sender is presented
on demand with a test number, one digit at a time, according
to a pre-determined program. This is done in such a way that
no two senders are operating on the same test-number
simultaneously, thereby preventing a spurious busy condition
being encountered. Each sender is responsible for pulsing-out
the digit offered to it and for timing the seizure, inter-digital

pause and release functions. The sender will also monitor
the progress of the call, having been instructed to react in a
particular fashion to all the line conditions likely to occur,
i.e. line polarity, carth or disconnexion on the p-wire, dial
tone, number-unobtainable tone, ring tone, equipment-
engaged tone, busy tone, congestion announcement, test-
number tone and metering. A successful call is signified by
the receipt of test-number tone after the last digit of the test
number has been sent, accompanied by the appropriate
metering conditions.

A maximum of 10 senders at a time may be operated, but
any number up to 10 may be brought into use. The program
will accommodate from 1 to 50 test numbers of from 1 to 10
digits each, as required. There are two modes of operation:
manual and automatic. When in the manual mode the call
sender will hold a faulty call and display both the nature of
the fault and at what stage in the call it occurred. The call
sender may be instructed, if required, to step on when
engaged tone is encountered. In the automatic mode the call
sender will step on if a fault or busy condition is encountered,
recording the fact as it does so. When used in this way the
call sender may be left unattended, provision being made to
extend alarms into the exchange-alarm system for those
categories of faults which would prevent the proper func-
tioning of the equipment if not attended to, e.g. failure to
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release by the subscriber’s line circuit associated with a
sender.

Allocation of Digits to Senders

Fig. 4 shows the system in simplified block schematic form.
Whenever a sender has successfully completed a call, it
initiates a new word dcmand on the common cquipment,.
The test-number information circulating in the store is
examined, and the first “address™, i.c. test-number time-slot,
that is cncountered which has not already been used by the
scnder making the demand, and that is not currently in use
by any other sender, is allocated. The identity of this address
is written into the sender address store of the sender concerned.
The first digit of this address is passed into the sender digit
store, and is pulsed-out into the network. As has alrcady
been indicated, during the inter-digital pause (i.d.p.), the line
is monitored for faulty conditions. Assuming that no such
condition is cxpcrienced, a new digit dcmand is made on
the common equipment. The sender address store and the
sender digit countcr are compared with the system word and
digit counters, respectively, and when coincidence occurs the

next digit in the address currently in use is passed into the
sender digit store for pulsing out. This process continues
until the last digit is passed from the common equipment, at
which time a last-digit signal is generated to instruct the
sender to look for test-number tonc from linc, i.e. a suc-
cessful call.

Success or Failure

The first burst of 400 Hz tonc during the tone-on period of
test-number tone will trigger the tone-recognition circuit,
and at the same time the incoming lines to the sender are
examinced for metering conditions. Provision is made to
instruct the call sender to respond to the following metering
conditions: (/) a reversal on the positive and negative wires
(i) a +50-volt pulsc on the P-wire (iii) a -+ 50-voit or
—50-volt pulse on the M-wire (Strowger exchanges). The
tone-recognition cycle lasts for 12 seconds, this being the
minimum period required to accurately recognize all types
of tone, and at thc end of that time a success signal is gencrated
provided inverted ring-tone has been detected and a meter
pulse has arrived.
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Fic. 4—Simplificd block schematic diagram of automatic call-sender
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Should the tone-recognition circuit detect either ring tone,
busy tone, equipment-engaged tone or congestion announce-
ment, or should no tone be received within 12 seconds of the
last digit being sent, then a fault is recorded and the sender is
either stepped-on, or the call held and analarm given, depend-
ing on whether the call sender is operating in the automatic
or manual mode.

All the senders in use will operate in the manner described
above, and when all senders have sent all the test numbers in
the program a program-finish signal is generated. This signal
will result in either (g) change-over to another group of
10 subscribers’ line circuits, followed by a repeat of the
complete test cycle, or (b) the call sender will stop with an
audible and visual alarm. Onceagain this will depend on how
the equipment has been set up initially.

Tone Recognition

Each sender contains a detector designed to give a sub-
stantially constant output with input tones in the bandwidth
300--500 Hz at levels down to —30 dBm. A 400 Hz tone burst
that persists for longer than 100 ms occurring during an i.d.p.
or at the end of a call on any sender will trigger the tone-
recognition circuit. This initial 100 ms delay is necessary to
prevent the tone-recognition circuit being stimulated by
switching noise or low-level background noise which contains
a 400 Hz component.

The analysis of the tones that are received follows the
principles described in a previous issue of this Journal*. The
only significant difference is in the means used.

TABLE 1

Signals Requiring ldentification

Signal Periodicity
Busy tone 375 ms on, 375 ms off
Equipment-cngaged tone 400 ms on, 350 ms off, 225 ms on,
(Note 1) 525 ms off
Test-number tone (Note 2) 2 seconds on, | second off
Nuinber-unobtainable tone Continuous

Ringing tone 400 ms on, 200 ms off, 400 ms on,
2 seconds off

Congestion announcement

Tone not recognized

(Note 3)

Notes:

1. The level of the 400 ms period of tone is —6 dB with respect
to the others.

2. This is inverted ring-tone modified to the periodicity shown.

3. Required when a tone is received which for one reason or
another does not persist long enough to be recognized.

Test-number tone and number-unobtainable tone are
timed by simple delay circuits: any tone pulse that persists
for 3 seconds is recognized as number-unobtainable tone,
and any tone pulse that persists for longer than 650 ms but
less than 3 seconds is recognized as test-number tone.

All tone pulses are counted into a store common to all
10 senders on a time-shared basis. Each sender is allocated
a time slot containing a tone-length counter, a primary
counter, and a secondary counter. The tone pulses arriving
at each sender are measured for duration in the tone-length
counter, and then transferred to the primary counter and
the secondary counter if they exceed 90 ms and 320 ms,
respectively. At the end of a 12-second recognition cycle
the contents of the primary and secondary counters are read
out and decoded.

Should the primary and secondary counters assume any
other state than those indicated in Table 2, the outputs are
decoded as tone not recognized.

* Measuring Quality of Service on Trunk Routes. Francuis,
R. A, and HoLLIGON, E, R. P.O.E.E.J., Vol. 60, p. 227, Oct. 1967.

TABLE 2

Tone Recognition

Primary Secondary

Counter Counter Tone

(90 ms) (320 ms)

4 > 10 4 > 9 Ring tone

11 - 18 S5—> 9 Equipment-engaged tone

11 -> 18 10 - 18 Busy tone

1 - 32 3 - 3 }Congestion announcement (Note)

Note: This analysis depends on the adoption of a new type of
congestion announcement, at present under trial, which will greatly
improve the ability of the tone-recognition circuits to detect this
condition.

Circuit-Block Logic

In order to reduce the development time of the automatic
call sender to a minimum and at the same time achieve a
high degree of system reliability, it was decided to use en-
capsulated-circuit-block logic. The M.E.L. Equipment Com-
pany, Ltd., Series 1 100 kHz range was chosen, and the
company put their design advisory service at the disposal of
the Post Office to co-operate in the design of the high-speed
area of the system.

The M.E.L. Series | circuit blocks consist of a compatible
range of circuit elements, each one encapsulated in a standard
module. A typical cross-section of such a circuit block is
shown in Fig. 5. There are several advantages to the design
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The dimensions are approximatcly 2 in, X 1in, X 0-25in.
Fi1G. 5—Cross-section of typical circuit block

Z

engineer in using this method. No tiinc need be spent in
evaluating components and logic circuits for performance
and reliability, and system design is simplified because the
rules for inter-connecting the various devices are clearly laid
down and will give a guaranteed electrical performance within
given operating conditions. The expected reliability is of a
high order, since the manufacturing methods used include
100 per cent functional testing before and after encapsulation,
quality control incorporating periodical life testing of samples
from the production line, and environinental protection of
the finished product against pollution, dampness and shock.

Delay-Line Storage

The ultrasonic wire delay-line, Fig. 6, is dependent upon
the magnetostrictive properties of the wire for its operation.
The line consists of a stable nickel-alloy wire coiled at the
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F1G6. 6—Ultrasonic wire delay-line

correct radius to avoid dispersion of the signal. At each end
of the wire is a length of special high-remanence magneto-
strictive wire (Permador) upon which is threaded a simple
transducer. The input transducer accepts a triangular current-
waveform. This produces a magnetic field which, interacting
with the axial magnetic field permanently induced in the
wire itself, causes a torsional wave to travel slowly down
the line. At the output transducer the mechanical deformation
in the wire induces a flux change which is converted to an
electrical output at a level of approximately —40 dB relative to
the input. This signal is clipped, amplified and re-shaped
prior to re-circulation.

The digital information required for the program of up to
50 test-numbers is written into a store consisting of six
3:214 ms ultrasonic wire delay-lines in tandem. This in-
formation then circulates and is available as required for use
by the individual senders. The store contains 2,700 bits of
information made up of fifty words, each consisting of

(i) 10, 4 binary-bit digits,

(i) 10, sender-used bits,

(iii) one busy bit,

(iv) two repeat bits, and

(v) one prepare logic bit.

The information is stored serially, and at the operating
frequency of 140kHz each bit occupies a time slot of
7:1428 ps. The total scanning time for the store is therefore
2,700 x 7.1428 ps, i.e. 19275 ms.

The tone-recognition circuit contains a store in which the
tone conditions encountered by each sender are recorded in
digital form. This store consists of one ultrasonic wire delay-
line of nominal delay 3-:214 ms, in series with a 15-stage
shift-register used for read-out purposes. The store contains
240 bits of information made up of 10 words (one per sender)
each consisting of,

() word shift, one bit,

(#i) tone-length counter, seven bits,

(i) transfer bit,

(iv) primary counter (90 ms), six bits,

(v) secondary counter (320 ms), five bits, and
(vi) four spare bits.

At the operating frequency of 70 kHz each bit occupies a
time slot of 14:286 us. The total scanning time for the store
is therefore 240 x 14-286 pus, i.e. 3:428 ms. For reasons of
logical manipulation the store is available to accept new
information every other scan. The tones, as and when they
appear at the input of each sender, are therefore inspected at
approximately 6-86 ms intervals. This interval is short
enough to avoid any error in the tone analysis.

Delay-line storage was chosen for two main reasons. At
the time the design was being considered there was a clear
economic advantage for delay-line storage over, say, a
ferrite-core store for the bit capacity required in this system.
Also the M.E.L. Equipment Company, Ltd., were able to
offer a delay-line module that was electrically and physically
compatible with the Series 1 circuit blocks, thus saving
valuable design time.

Call-Sending Rate

The call sender operates at an average rate of 130 calls per
hour per sender, assuming that the program consists of
mixed 4-digit and 5-digit codes. A program of 50 test-numbers
can be written into the store in about 15 minutes, and the
connecting cords changed in about 45 minutes. If it is assumed
that an average of seven senders are making calls at the same
time, to complete 20,000 calls will take approximately 22
operating hours. Typically, the program will be changed nine
times, adding 9 hours, and, if 20 hours are allowed for
stoppages, e.g. call traces, fault finding, then the final quality-
of-service test can be completed in about 50 hours or, say,
6-7 days. This assumes of course, that the failure rate is
within the acceptance figure.

CONCLUSIONS

The first four production TXE2 exchanges have been
accepted from the contractors on the basis of a final acceptance
test using the automatic call-sender, and following the
principles described in the first part of this article. The
experience gained from these installations shows that the
theoretical advantages predicted for this method of accepting
an exchange are capable of practical achievement. There is
considerable evidence that many of the faults that can occur
on an electronic exchange installation would not be found in
any other way, and that exchanges will open for service with
a much better performance than would otherwise be so. It is
hoped that confidence in this method can be built up to the
point where it is possible to substantially reduce theamount of
testing carried out at the commissioning stage.

Looking to the future, a second generation call-sender is
at present being developed, making use of the considerable
advantages now offered by integrated microcircuits. For
much the same cost this new version of the automatic call-
sender will be approximately half the size and weight with
twice the capacity in terms of senders and test-number
storage.
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Measurements on Goonhilly 85ft Diameter Aerial

Part 1—Physical Measurement of the Paraboloid

H. E. PEARSON, B.sC.(ENG.), C.ENG., M.I.MECH.E.T

U.D.C. 621.396.7: 621.317.39: 531.717

The dimensions of the original paraboloid reflector on the Goonhilly aerial were measured by comparatively
simple methods appropriate to the relatively coarse tolerances. When a second paraboloid was required
with a tolerance of +0-1 in., new measuring methods were developed for adjusting the bowl as it was
built, and also for measuring the variation of dimensions with a view to optimizing the reflector shape when
the aerial was pointing at the geo-stationary satellite, EARLYBIRD. This article describes the work of
physical measurement carried out in brief intervals when the aerial was available over the period 1962-67.
Part 2 will relate electrical performance measurements on the working aerial fo various orders of profile
accuracy as measured by the methods described herein.

INTRODUCTION

The grade of service which the Post Office can provide from
its satellite communication earth station at Goonhilly Downs
depends critically upon the accuracy of shape of the 85-ft
diameter paraboloid aerial reflector surface. In large aerials
of this type, departure from the required form can lead to
loss in gain and increase in noise as misplaced parts of the
reflector fail to focus wanted incident signals in the required
manner and pick up unwanted signals from other directions,
The ideal radiation pattern for such an aerial could only be
achieved with a geometrically-perfect paraboloid. As it is not
practicable to make a perfect bowl or to hold the shape
absolutely constant under all varying load conditions due
to gravity, wind and temperature changes, tolerances
must be arrived at within which a practical and technically-
acceptable solution can be obtained at reasonable cost.

The size of tolerance admissible is a small fraction of a
wavelength at the frequency of transmission used, in order
that elements of reflected energy from the various parts of
the bowl may arrive at the focus in phase with each other.
In 1960 the highest frequency expected to be used was
4,000 MHz, giving a wavelength of 7-5 cm, or approximately
3in. An accuracy of one sixteenth of a wavelength was aimed
at, hence the desirable bowl tolerance was % in. However,
as the bowl diameter was so large, and because with the
original design of radio-feed unit fitted at the focus, illumi-
nation intensity decreased rapidly towards the edge, the
tolerance for the outer part of the bowl was relaxed to # in.
to ease design and construction problems. To measure
manufacturing variations and set the bowl within these
tolerances, it was thought that a measuring accuracy of
45 in. was adequate and that this could be met with con-
ventional optical levels, steel tapes and special parabolic
templates.

MEASUREMENT OF ORIGINAL BOWL

Planes containing the principal axis of a paraboloid have
parabolic intersections, planes normal to this axis have
circular intersections. These properties were used in building
and measuring the first bowl with the aerial axis pointing
vertically upwards (Fig. 1). The circumferential structural
framing members of the bowl were built as horizontal circles

t Mr. Pearson is in the Power and Ancillary Systems Develop-
ment Branch, Telecommunications Development Department, Tele-
communications Headquarters.
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F1g. 1—Geometry of bowl measurcment

of diameter appropriate to their distance from the apex.
Steel plates were laid on these members and the resulting
surface errors measured with radial templates of prescribed
parabolic form. The template blade was carefully supported
at a fixed distance from reference edges of circumferential
members so that, allowing for the thickness of plating, the
gap between the template blade and the plating surface could
be measured by inserting a calibrated wedge. From several
hundred measurements it was shown that the specification
was well met in the inner area of the bowl but exceeded
slightly in the outer area (Fig. 2). At this stage the aerial was
put into service in July 1962 for the first communications-
satellite experiments with TELSTAR. In addition to the
4,000 MHz frequency for which the aerial had been designed
a higher frequency was used in the 6,000 MHz band. The
aerial as a whole performed well within this limitation but it
was clear from the start that profile improvement was de-
sirable. Not until November was it possible to take the aerial
out of service again to work on the bowl to improve its
profile accuracy. This was done by a combination of panel
beating and heat treatment. Measurements were taken by
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the same template and wedge method as before until 98
per cent of the whole bowl was within the specified tolerance.

OPTICAL SURVEYS
General

These first Jimited excursions into the field of large-scale
metrology were a new venture for Post Ofiice enginecrs as
were many other aspects of building an earth station., The
methods adopted for measuring the first Post Office 85-ft
diamcter paraboloid had been simple and straightforward
with a probable accuracy adcquate for the specification.
It was clear, however, that if tolerances were to be tightencd,
then considerablc refinement of mcthods of measurement
would be meeded. Furthermore, means would have to be
found of measuring the paraboloid shape when the aerial
was facing the satcllite, not just in the position of manufacture
facing the zenith.

Valuable expertise in ficld-survey work has been steadily
developed in the radio external-construction groups over
the last three decades. A small number of officers possess the
ability to manipulatc high-grade theodolitcs, levels and
other survey instruments. This has enabled aerial positions
to be fixed and accurate sitc plans produced, masts, towers
and microwave aerials at inland link stations located and
orientated, and, at Goonhilly, the aerial centre co-ordinates
and physical references for the aerial pointing indicators
established, It was natural to look for a paraboloid profile-
measuring system using these skills.

Two-Theodolite Surveys

Some promising optical-survey experiments were carried
out in 1963 using two ground-mountcd theodolites at either
end of a fixed base line in front of the aerial, with the bowl
facing the horizon. Both instrumcnts were trained in turn on
targets fixed to the bowl surface. From the linear and angular
information thus obtained the co-ordinates in space of all
the targets could be obtained and hence thc departure of the
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actual bowl from its proper shape, or best mean shape, could
be derived. The major difficulty of holding the bowl stationary
under varying conditions of weather was to some extent
oftset by the facility of processing results quickly on the
Goonhilly computer. This permitted the discarding of wild
results and rapid resurvey of doubtful areas under sub-
stantially the same conditions of measurement. It appeared
likely that this system would yield information good to
0-1 in. when the aerial was pointing at or near to the horizon
and during calm weather.

Antenna Theodolite

The original bowl was used until August 1964 when the
station was closed for modifications to be made including
the fitting of a new and improved reflccting surface to the
aerial. The new specification required that 99 per cent of the
surface should lie within 0-1 in. of a true paraboloid, hence
the manufacturing accuracy demanded was of the same order
as the measuring accuracy available and further improvements
in technique were esscntial. An opportunity occurred to
obtain an up to date appreciation of the work of others at a
National Physical Laboratory Standards-Division Round-
Table discussion in October 1964. One interesting report
described a mechanical modification by the manufacturers to
the very type of theodolite used by the Post Office so that it
could be used fixed when within a bowl and at any attitudec.
This antenna theodolite seemed to have the potential of
providing valuable information at intermediate angles between
the zenith and horizon attitudes so far investigated at Goon-
hilly. Otherwise no measuring mcthod clcarly cmerged in the
discussion as ideally suited to the particular circumstances
involved in making and measuring thc new Goonhilly
reflector in the following four months,

AERIAL MODIFICATION

The designers of the new bowl, Husband & Co., consulting
engineers, based its accuracy on a 25-ft diamcter centre
scction which could be fully machined on an existing machine
tool to within +0-015in. of a master template. Outside this
rigid centre, 24 similar radial segments, each 15* wide and
connected to each other along their cdges, would extend the
bowl surface out to 85 ft diameter (Fig. 3). Fifty-seven screw
links per segment were used to permit the individual panels
to be set to the right shape for the segment: 24 screw jacks on
a 70-ft diameter circle and at segment junctions were used
to enable the segment surfaces to be set to the same para-
boloid as the centre dish. The design thus embodied very
adequate provision for adjustment: the next problem was to
produce a rcference system against which adjustment could
be made,

Numerically-Controlled Machines

Mechanical-engineering workshop practice had reached
the stage wherc numerically-controlled machine tools could
produce three dimensional shapes to an accuracy of 0-010 in.
or better over lengths of 30-40-ft whilst on the machine table.
On these machincs, cutter movement is controlled in threc
dimcnsions by a magnetic tape which has been prepared
from computed geometrical data. This technique was applied
in two ways: first, the steel frames for the individual panels of
reflecting surface were machined to shape and second,
adjustment templatc blades were machined. The basic
geometrical co-ordinates required in producing the magnetic
tapes were printed out by the Goonhilly computer, Whilst
it was comparatively easy to arrangc for the smaller manu-
facturing templatcs for use in the shop to be self-rigid so that
thcy could be handled and used without destroying their
accuracy, special measures were needed if the intrinsic
accuracy was to be realized in the field when the whole bowl
was built up. For this check a full-length radial template was
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made and fixed in space so that the aerial could be rotated
beneath it and the gap between the reference edge and all
parts of the surface adjusted. Final surfacing of the reference
edge (some 45-ft long) was done on the tape-controlled
machine with the template backing-frame or support-truss
strained to the deflexion which would occur in use in the
measuring position. Such refined methods having been
employed in producing an accurate template in the factory
the next anxiety was to ensure that the accuracy would not
be lost during transport or on application at an exposed
location. An indcpendant site checking-system was therefore
devised based on a taut wire.

Taut wire method

A test rig was prepared on site as shown in Fig,. 4, to support
three 15° seginents facing the zenith, i.e. 45° of the bowl.
A tower was erected on the paraboloid axis, from the top of
which a taut wire could be applied to any part of the surface
of the segments. A length of wire slightly more than twice
the total length of the paraboloid yielded a circular swept arc
which differed from the required parabolic arc by a maximum
of only a few inches, and exact knowledge of the differences
was obtained from a simple computer program. The top
end of the wire was taken over a frictionless pulley and
brought down within the tower to a suitable measuring
station, By suitable choice of wire material, gauge and
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F1G. 4—Mcasurcment test rig

tension, errors were reduced to an acceptable order. The
arrangement was tried out on a long straight edge and found
to give results accurate within +0-010in. of computed
values, with a spot repeatability within £0-003 in., which
looked promising. Some mcchanical improvements were
found necessary when measurements were made on the first
deliveries to the site of aerial segments, which were set up in
their true position in space by ineans of an optical level and
stick micrometer,

The main template was now erected on the test rig, pivoting
at its inner end on the axis and rolling along a track at its
outer end. The gap between the reference edge and the
reflector surface was adjusted to a nominal design value of
14 in. at a chosen point, and the variation of gap was measured
along the template by means of an internal micrometer.
Simultaneous measurement in still air by taut wire and
template over the same radial cut on the test rig gave agree-
ment to better than 1 0-010in. and thus gave confidence in
the accuracy of the temiplate and in the method to be employed
in adjusting the complete reflector surface.

Radial Template Measurements

The teinplate was transferrcd to the bowl, Fig. 5, again
with its inner end on an axial pivot, but this time with the
outer end supported on a rigid tower built up from the ground
alongside the bowl. By use of the normal azimuth movement
of the aerial, any part of the bowl could thus be offered up to
the reference edge and adjustments made as required. It had
been established earlier that normal azimuth movement
would not tilt the bowl by morc than a few seconds of arc.

A moving carriage was attached to the template to measure
the required gap from end to end, using a pair of linear
potentiometer-type transducers in a bridge circuit. The
electrical read-out from the bridge circuit was recorded on a
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chart rccorder calibrated to give a full-scale reading cor-
responding to +0-150in. Agreement between transducers
was good to within about 0-0065 in. and reset accuracy about
half that value.

Comparison was then made between the transducer-
carriage results and spot internal-micrometer readings. By
trial survey over sections of the reflector surface, it was found
that readings taken every two feet along the template by
internal micrometer yielded a good curve not lacking any
important information which the continuous trace could
complete. From such curves drawn for radial cuts over the
centre and edges of each segment it was possible to decide
what adjustments to make on jacks and screws and to carry
out these adjustments under the template. In the final measurc-
ments at constant temperature at night the transducer
carriage was not uscd as the internal micrometer applied every
two feet gave a quick positive answer with less complication.

In the time available the surface was adjusted to lie 99 per
cent within limits of +0-092in. and —0-084 in., the mean
paraboloid being +0-004 in. away from the design position
in the dircction of the focus. The template was checked by
the taut wire method after use and is available for use on any
future bowl of the same geometry.

BOWL DISTORTION MEASUREMENTS

Having set the new bowl to tolerance in the zcnithal
position it was important to find out if there was any serious
distortion of the bowl at other elevation angles. Unfortunately,
the imminent launch of the EARLYBIRD satellite did not
permit any protracted surveying, and therefore quick, simple
measurcments of diameter changes were made initially, with
a more comprehensive survey planned at a later date when con-
venient. A taut wire was stretched along the vertical diameter
and another along the horizontal diameter, assuming the bowl
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to be facing the horizon. Each wire had a linear potentiometer-
type transducer mounted ina specially designedframeat oneend,
Fig. 6(a),and a micrometer for calibrationpurposesat theother,
Fig. 6(b). The transducer formed part of an electrical bridge
circuit whose output was fed to a chart recorder. This chart

(b) Calibrating micrometer

Fig. 6-—Instruments uscd in bowl distortion measurements

recorder was calibrated before use by setting thc micrometer
at its mid position as zero, then altcring the micrometer screw
on either side of the mid position by specified amounts, noting
the recorder reading each time. After calibrationin this manner
the micrometer was reset at its mid position and played no
further part in thc measurcments until a further calibration
check was required. Thereafter, any change in the diameter
was shown by an alteration in the potentiometer settings
under the control of the spring and taut-wire tensions, which
were balanced at the zero position. These measurements
showed that thcre was very little change in the measured
diameters as the aerial was moved from facing the zenith to
an elevation of about 70°, after which their variation gradually
increased as the aerial elevation was reduced to 0°. The ver-
tical diameter decreased by 0-19 in. whilst the horizontal
diameter incrcased by 0-24 in. during the elevational move-
ment, sce Fig. 7.

These results alone were not sufficient to determine the
actual distortion along the vertical diameter because both
points sag in the same direction when the bowl is at 0°
elevation. More comprehensive surveys were thercfore made
with an antenna theodolite mounted at the vertex and with
ground-based theodolites. Meanwhile, the existing taut wires
were used to monitor static and dynamic changes in the
diameters with change of temperature and wind loading.
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Comparison of bowl distortion measurement
methods

The optical-survey method of measuring an operational
aerial using ground-based instruments was very attractive
as it did not involve any work on the aerial itself. 1Indeed at
the beginning of the EARLYBIRD operational era the
satellite appeared to be so nearly stationary relative to the
earth, that it seemed possible to hope for the aerial itself to
be kept stationary and working to EARLYBIRD for a long
enough period to permit one whole survey to be made as a
completely indepcndent exercise. However, as operational
experience was acquired, it rapidly became clear that to keep
the service going properly aerial movement would be required
too frequently for this to be realized. Nevertheless, the
advantagec remained that the aerial would in no way be
affected by such surveys, which meant that so long as Goon-
hilly had equal periods of duty, carrying traffic, standing by
and standing down, then for two thirds of the time surveys
could be made.

The antenna theodolite on the other hand is a special device
mounted at the vertex involving an observer with head and
shoulders emerging through the hole at the dish centre.
Not only must the aerial be out of service for this purpose
but it cannot be put back into use until the instrument and
observer have been withdrawn and operational conditions
restored. Hence, for short time stand-by service availability
the aerial could not be so impeded and thec amount of time
during which antenna theodolite measurements could be made
was only one third.

Results

Results obtaincd by these various methods showed fair
agreement in indicating a pattern of distortion increasing in
magnitude, but not changing very much in nature, as the bowl
was tipped from zenith to horizon. Separate electrical per-
formance measurements showed a corresponding deteriora-
tion in the radio characteristics of the aerial to an cxtent
which justified an attempt to improve the bowl shape at the

operational attitude. If the aerial was destined to spend a long
period facing EARLYBIRD with its bowl tipped to an
elevation angle in the region of 28°, then the profilc should
be made as near as possible the right shapc at that angle.

As stated earlicr, the design provided for adjustment of
major areas of bowl by 24 screw jacks. From a detailed
analysis of results related in particular to 24 targets at
jacking positions, a programme of progressive jack adjust-
ment was prescribed. The extent of all proposed jack
changes was well within the range of adjustment provided
and thercfore structurally tolerable. The time required to
effect the first major change was estimated at 12 hours with
electrical measurements before and after to show whether
the desired improvement had been achieved. Further minor
changes could perhaps be made in shorter periods of time if
justified by results. Thesc short time scales were important,
not only to minimize the length of time for which the aerial
would be put out of service, but also to ensure that before-
and-after electrical measurements would be carried out under
as ncar as possible the same conditions.

DISCUSSION OF TECHNIQUE

There is fair agreement betwcen engineers concerned with
this sort of work thata tolerance of 0-1 in. on an 85-ft diameter
aerial, representing as it does, a tolerance of one part in
10,000, is approaching the economic limit of manufacturing
capability, measurement accuracy being one important
factor in setting the limit.

The principles adopted throughout the work described have
been first, to recognize that against a tolerance of 0-1 in. one
requires a measuring tool good to 0-01 in. having measure-
ment units of 0-001 in., and second, to disbelieve any single
measuring method in isolation seeking always to confirm it
by a second independent mcthod based on separate funda-
mentals. One thousandth of an inch scems a ridiculously
small unit when one is working with cold steel 80-ft above
the ground on an cxposed coastal plateau at night in mid-
winter, but that degree of discrimination was sought and
achieved on successive readings within a measuring method.
This led to comparison accuracies good to 0-01 in. between
methods, and ultimately to accurate knowledge as to whether
the specification had been met.

Whether the spccification was too tight or not tight enough
could only be revealed by electrical measurements at various
stages of adjustment and an evaluation of the cost of the last
fraction of a decibel required of the acrial. The ultimate
objective of thc whole exercise of physical measurement of
the paraboloid was to provide the information for optimum
shape adjustment and so reveal the economic limit of shape
control.
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Trunk Transit Network:

Incoming Register-Translators for Director

and Non-Director Areas

D. T.BLANCHARD, ciNnG.,,M.1.LEE. and W. A. RYANT

U.D.C. 621.395.374 : 621.395.341.72

The use of multi-frequency signalling in the trunk transit network and the adoption of 4-wire switching between
originating and terminal group switching centres has necessitated the provision of additional incoming register-
translator facilities at both divector and non-director group switching centres. This article outlines the facilities
and operation of this new equipment, and describes the circuit principles involyed.

INTRODUCTION

Under present arrangements for subscriber-dialled trunk
traffic to non-director areas, the controlling register-translator
at the originating centre determines, from the numbering-
group codc that is dialled by the calling subscriber, the trans-
lation necessary to route the call to the terminal group
switching centrc (G.S.C.), and follows this with the local
part of the required subscriber’s national number. If the
terminal G.S.C. serves dependent numbering groups, the
controlling register-translator supplies additional routing
digits to take the call to a later point in the trunking of the
terminal G.S.C.; thence, access is obtained to the objective
exchange without further translation. Thus, prior to the
introduction of the trunk transit network, incoming register-
translators have not been required at non-director area
G.S.C.s.

For subscriber-dialled trunk traffic to director areas,
incoming register-translators are already provided at terminal
centres. When a call has been routed to a terminal G.S.C.,
the controlling register-translator at the originating centre
repcats forward the seven digits representing the required
subscriber’s number. As soon as the first three digits (the
local-exchange code) have been received, the incoming
register-translator generates the nccessary routing digits to
reach the objective local exchange, and then repeats forward
the numerical digits of the subscriber’s number in order to
switch the call at the local exchange. Two types of incoming
register-translator—electromechanical and electronic—are
in use,!» 2 and give broadly similar facilities.

This article describes the additional register-translator
equipment which must be provided at non-director and
director area G.S.C.s to cater for incoming traffic from the
new trunk transit network.3 ¢ The register-translator equip-
ment required at originating G.S.C.s to control outgoing
traffic to the trunk transit network has been described in a
previous article in this Journal.’

ADDITIONAL REGISTER-TRANSLATOR
EQUIPMENT

It is essential to the transit-network plan that a high-speed
inter-register signalling system be used to switch calls over a
number of tandem links, and a multi-frequency (m.f.) system
has been adopted for both the forward digital signals and for
the necessary backward signals, e.g. proceed-to-send, number-

1 Electromechanical Exchange and Telephone Apparatus
Development Branch, Telecommunications Development Depart-
ment, Telecommunications Headquarters.
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received. Also, to meet the transmission objectives, switching
is on a 4-wire basis from originating G.S.C. to terminal G.S.C.
Switching is 2-wire through, and onward from, the terminal
G.S.C. 1t follows that the equipment to be provided at
terminal G.S.C.s to cater for incoming traffic from the
transit network must include

(a) the linc signalling system termination cquipment,
incorporating 4-wire-2-wire conversion, with access to
terminal register equipment and to the G.S.C. 2-wire switching
cquipment, and

(b) the terminal register equipment with associated m.f.
receiver-senders.

Basically, the registers are required to control the trans-
mission of backward m.f. signals, to accept, decode, and
store the digital signals detected by the associated m.f.
receivers, and to convert these signals into Strowger-puising
form to route calls onward through the G.S.C. and into the
local network. Translation facilities arc also given, aithough
in the non-director-area equipment the required translation
capacity is small.

The equipment arrangements at non-director area G.S.C.s
are indicated in Fig. 1. Register and translator facilities are
combined into one circuit, and electromechanical cquipment
is used. An incoming m.f. recciver-sender is directly asso-
ciated with each register-translator.

The equipment to be provided at director-area centres is
shown in Fig. 2. At small centres, clectromechanical register-
translator equipment will be used. The translation requirements
are sufficiently large to justify the use of separate translators,
common to a number of registers. At larger centres, the
existing electronic register-translators using ferrite cores and
transistors will be used suitably augmented with equipment to
associate and control m.f, receiver-senders.

INCOMING REGISTER-TRANSLATOR FOR
NON-DIRECTOR AREA G.S.C.s

Outline of Facilities and Operation

The block schematic diagram (Fig. 3) shows the main
elcments of the register-translator for non-director areas.
An m.f. receiver-sender is associated with each register-
translator. On seizure by an incoming call, the register-access
relay-set causcs its associated register hunter to search for a
free register. When association takes place, the 4-wire line is
extended from the incoming trunk circuit via the register-
access circuit and register-translator through to the m.f.
receiver-sender, and a control signal is applied from the
register-translator via the PTS lead to cause the m.f. equip-
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(5) Trunking where Electronic Register-Translatars are Used
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ment to return a terminal proceed-to-send signal to the
originating centre. A signal-sent condition from the m.f,
equipment, on the RS lead, subsequently removes the pro-
ceed-to-send control signal.

In response to the proceed-to-send signal, the first forward
digital signal is transmitted from the originating centre and
received by the incoming m.f. equipment, and is marked into
the register-translator in 2-out-of-5 code on thec SA-SE leads.
The incoming digit is checked in the register to verify a
correct 2-out-of-5 combination, and is converted into decimal
form. A digit-acknowledgement signal is then applied to the
DA lead to cause the incoming signal marking to be removed.
Subsequent digits are signalled, one at a time, from the
controlling centre in response to further proceed-to-send
signals, and each digit is checked and decoded as described
above and taken into the appropriate digit store.

The first digit received on any call is the third digit of the
called subscriber’s national number, excluding the trunk
prefix digit 0, i.e. the first digit received is the third digit of
the required numbering-group code. This is used to opecrate
a route relay which marks the translation routing digits,
if any, to be transmitted. The need for this facility can be
explained by reference to Table 1 and to Fig. 4. Fig. 4 shows
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Fic. 4 -Typical example for use of the non-director arca
register-translator

a non-director area G.S.C. serving exchanges in dependent
charging groups in addition to its own (home) charging
group. Each charging group has one numbering-group code,

TABLE 1
Numbering-Group Codes and Translations for Exchanges Shown in Fig. 4
Exchange C(hxz:(r)gulgg ; National Number Dggit Translation Si‘gﬁé‘fr

A Home | 0234- X X X X 4 Nil —

B |__ 1— N 7r 0345-2x x v %X N 5 o _975__7 92_2_7 )
¢ |1 osaxxx s | e | o

D 2 owraxxxe |7 [ e | o

E 2 0397-5x X * 7 94 945

I 3 T06884x X X x 8 96 964

G | 3 h 0688-21 X x 8 9% | 9621
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and the figurc indicates, for each charging group, the 3-digit
numbering-group code that is dialled following thc prefix
digit 0, to rcach an exchange in the charging group concerned.

Prior to the introduction of the transit-network scheme,
the controlling register-translator at an originating G.S.C.
has to transmit, by translation from the numbering-group
code, the nccessary routing digits to route a call through
the incoming G.S.C. to a selector switching stage from which
access can bec obtained to the required dependent-numbering-
group exchange. Under the transit-network scheme, however,
a register-translator controls routing of traffic through its
own exchange only. Thus, when dealing with a call via the
transit network, a controlling register-translator supplies
routing digits to take the call through the originating G.S.C.
to an outgoing route to thc next centre, which may be either
a transit switching centre (T.S.C)) or, subsequently, the
objective G.S.C. To facilitate onward routing, the controlling
register-translator transmits forward to the register at the
next exchange a part of thc national number dialled by the
calling subscriber.

At terminal G.S.C.s, (see Fig. 4 and Table 1) discrimination
between different dependent numbering groups is made by
inspection of the third digit (usually known as the C digit)
of the numbering-group code, which is different for each
numbering group served by the home G.S.C. Hence, this is
the first digit rcceived at a terminal G.S.C. Thus, in Fig. 4,
a C digit 4 indicates a call to the home charging group, a C
digit 5 indicates dependent charging group No. 1, a C digit 7
indicates dependent charging group No. 2, and so on. The
received C digit is examined by the incoming regis(er-trans-
lator, which then generates one or two translation routing
digits, if requircd, to take the call to thc appropriate switching
stage for access to the required numbering group. If the call
is to an exchange in the home charging group, no translation
digits are required, because access is from a Ist selector.

Following the first incoming digit, thc subsequent digits
are received to complete the local portion of the called
subscriber’s national number. Therc 1nay be four, five or six
digits depending on the precise trunking arrangements at
the G.S.C. concerned and depending also on the numbering
schemc of the objective exchange.

When the last digit has been received, the incoming register-
translator connects a control signal to the m.f. equipment via
the NR lead to cause the return of a number received m.f.
signal and thus enablc the controlling rcgister-translator and
its m.f. equipment to be released from the connexion. Since
the number of digits in subscribers’ national numbers can
vary bctween one exchange and another served by the same
G.S.C., the incoming register-translator must determinc the
number length on any given call in order to decide when the
number-received signal should be returned. This is done from
inspection of the first digit or the first two or threedigitsreceived.

On initial seizure of the register-translator, the outgoing
2-wire linc is cxtended from the register-access rclay-set into
the register, and a loop is applied within the register to scize
the Ist sclector associated with the register-access relay-set.
Since the register-translator is designed for installation in
existing step-by-step G.S.C.s, outgoing sending is in Strowger
pulsing form and is controlled by a self-intcracting pulsing-
relay circuit. The rcgister-translator is designed to give a
standard inter-digital pause (i.d.p.) of 750 ms, controlled
basically by a transistor-type timer within the register; but
thc i.d.p. may be curtailed, upon detection that switching of
the pulsed selcctor has taken place, by a high-spced relay
element inserted in the outgoing loop. Pulsing-out of trans-
lation digits, if any, commences as soon as the first incoming
digit has been received, followed by repetition of the local-
number digits when these are available, until all expected
digits have been received and transmitted. To avoid difliculties
when calls are routed to 11-and-over final selector groups,
the penultiinate digit is not transimitted until the last incoming
digit is stored. Whcen sending is completed, a signal from the

register-translator causes the register-access relay-sct to switch
the call through and rcleasc thc register-translator.

Service Safeguards

The register-translator incorporates comprehensive self-
checking facilities, and fault-analysis lamps are provided to
identify failures to thc receiving or sending sections of the
equipment. Both recciving-circuit and sending-circuit opcra-
tion sequences are monitorcd by electronic timers, and if a
circuit sequence is not completed, owing to a fault, an output
from the appropriate timer causes forced releasc of the
registcr-translator from the access relay-set. The occurrcnce
of a fault, and the conscquent forced-released condition, will
usually inhibit the m.f. signalling sequence between the
originating and terminal G.S.C.s. The m.f, equipment at the
originating G.S.C. then passes a signal to the controlling
register to cause it to release the trunk connexion and
automatically initiate a second attempt to establish the call.
If the failure occurs on a second-attempt call, the controlling
register is released and number-unobtainable tone is returned
to the subscriber from the register-access relay-set at the
originating G.S.C.

Apart from the forced-release function, thc precise
action taken within the incoming register-translator under
call-failurc conditions depends on the type of fault. For
certain failures that can bc identified as actually occurring
within the incoming register equipment, c.g. failure to send
outgoing digits, the register-translator is locked out of
service and a deferred alarm is given. For failurc conditions
that may have arisen either within the register-translator or
in the extcrnal network, e.g. a disconnected outgoing linc,
the call is forcibly relcased and a first-failure memory is set in
the register, If the next call is completed correctly, the memory
is reset, If the next call fails, however, the probability is that
this is due to a register-translator fault, and the cquipment is
locked out of service, a SECOND FAILURE lamip is lit, and a
deferred alarm is given.

Circuit Principles

The circuit clements used for receipt, check and storage of
incoming digits are shown in Fig. 5. The first digit is received
in thc m.f, recciver-sender as a 2-out-of-5 combination of
signal frequencies and is marked into the register by operation
of two of the SA-SE relays, in accordance with Table 2.
Relay DR is permitted to opcratc if two, and two only, of the
SA-SE relays are operated. If relay DR does not operate
within 2 seconds, the rcgister-translator is forcibly released
under first-failure conditions. The arrangement of SA-SE
rclay contacts, associated with arcs INS1-6NS1 and the C-
digit tags, gives conversion from 2-out-of-5 to 1-out-of-10
marking. Thus, when the first digit is marked into the register,
earth potential from the RD2 arc home position is extended
via the appropriate C-digit tag to operate a particular route
relay (ITS, 2TS, etc.). Contacts of the operated route relay
control the positioning of two Post Office Type 4 uniselcctors
(not shown in Fig. 5) in order to mark the translation routing
digits, if any, to be transmitted. With relay DR operated, the
earth potential from the RD2 arc also opcrates relay DS,
which in turn operates relay DSR. A DSR contact returns a
digit-acknowledged (DA) signal to the m.f. equipment, which
then removes the incoming signal marking, thus releasing the
SA-SE relays and, consequently, thc DR, DS and DSR relays.
During the slow release of relay DSR, a pulse is given to step
the RD uniselector to contact 1. Relay DSR, on releasing,
connects earth potential to the PTS lead to cause the m.f.
rcceiver-sender to rcturn the next proceed-to-send signal.

Subsequent digits, representing the local part of thc called
subscriber’s national number, arc storcd on Post Office
Type 4 uniselectors 1NS-6NS. Generally, a further four,
five or six digits will be received. With the arrival of the next
digit, relay DR operates as before and closes a self-drive
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Fig. 5 —-Digit receipt and storage in non-director area register-translator
TABLE 2 TABLE 3
Marking of Digits in Register Number-Length Determination
Digit Relays Operated Key to Typical Example Shown in Fig. 5
J SA, SB Incoming Digits chuircd‘l Numt ¢
For Number-Length umber o
2 SA, SC b TS Route Digits Rclay
] Determination Relay Required Oper-
3 SB, SC Used for Call ated
_ — - — C N Ist | N 2nd
4 SA, SD I
1 — — 1 6 6 NL
S SB, SD N
- 4 — 2 6 6 NL
6 SC, SD _ N _
- 3 8 — 2 t 4
7 SA, SE 4 NL
1 3 3 and 4
2 SB, SE ! mat S B
7 | 8 3and 4 4 4N
9 SC, SE an L
10 SD, SE

circuit for uniselector INS via RDI arc. An outlet on INS1
arc, corresponding to the incoming digit, is marked with
—350 volts via DS relay and the appropriate pair of SA-SE
contacts. Unisclcctor INS steps until the marked contact is
reached, when relay DS opcrates, cuts the drive to the INS
uniselector and operates relay DSR. As before, relay DSR
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returns the digit-acknowledgcment signal and, when the
incoming digit marking is removed, the RD uniselector is
stepped to contact 2 in preparation for receipt of the next
digit. Each digit is marked on the appropriate 1NS-6NS arc
as its complemcnt with respect to 11. For cxample, if the
incoming digit is 2 thc uniselector is stcpped to contact 9.
Later, under sending control, thc uniselector is stepped to
contact 11, and digit 2 is sent out as Strowger pulses.



When the last due digit has been received, rclay NR is
operated so that, on release of relay DSR, a number-received
signal is returned to release thc controlling register-translator
from the connexion. As indicated in Table 1, the number
of digits in subscribers’ nuunbers can differ from one cxchange
to another served by a given G.S.C., thus thc incoming
rcgister-translator must determine the correct number of
digits and, hence, the point in the call at which to return thc
number-received signal. Depending on the subscriber’s
number conccrned, this can be dctecrmined from either the
first digit, or the first and second, or the first, second and
third digits received. The nccessary discrimination is generally
achieved by cross-conncxion of TS relay contacts to operate
onc of five numbecr-length relays 2NL-6NL. As indicated in
Fig. 5, more than onc TS rclay may be used if thrce digits are
involved in numbcr-length determination.

It is probable that at a terminal G.S.C. one number
length will be more commonly uscd than any other. To
minimize cross-connexions and to cconomize in the use of TS
relays a common-number-length relay, CNL, is provided.
If none of the relays 2NL-6NL has operated after receipt of
the third incoming digit, then the most common length of
number will have bcen dialled, and relay CNL will be opera-
ted. A contact of relay CNL is connectcd to operate thc
appropriate relay in the group 2NL-6NL.

Timing Element

Conventional circuit principles are cmployed for the
remaining basic functions of thc rcgister-translator, e.g.
pulsing-out, clcardown, and will not be described. However,
one other circuit element of intcrcst is the transistor-type
timer uscd to control send-fail and receive-fail conditions,
and to generate thc outgoing inter-digital pausc. Thc basic
circuit, which is also used in other S.T.D. equipment, is
shown in Fig. 6. The timer consists cssentially of two p-n—p

270

220

470
CONTROLLING
CONTACT

TOTAL
500
=
13
=

Fis. 6—Transistor-type timer circuit

silicon-transistor stages: a compound cmittcr-follower VTI
and VT2, and a relay-operating stagc VT3. With thc control-
ling contact unoperated, current drain via thc potential
divider is avoided, but VTI collcctor-base junction is forward
biascd from carth via the 270-ohm and 220-ohm resistors,
the transistor, the CR timing elcment, and the S500-ohm
resistor chain and a 1,000-ohm resistor to —50 volts. Hence,
a charging current can flow to the timing capacitor, C. The
capacitor charges to only slightly less than thc full 50-volt
battery potential because the rcsistancc R (typically, 1-2
megohms) is a high proportion of the total chain resistance.
When the stcady state is reached, a charging current of a few
microamperes maintains the charge on capacitor C, which
would otherwise discharge slowly through thec high resistance
of resistor R. Under these conditions transistor VT3 is in
the non-conducting state and the relay normal.

When the controlling contact closes to conimence the
timing pcriod, --50volts is connected via the 470-ohim
resistor to the collectors of transistors VT1 and VT2, which
now assume cmittcr-follower configuration. At the same time,
thc potential at the tapping point on thc 500-ohm rcsistor
chain, which was prcviously near to —50 volts, rises towards
earth potential due to the closurc of thc scries-resistor circuit
from earth to --50volts. This positive-going changc is
coupled to the base of transistor VTI, which is thus biased
off, and thc potcntial now developed across the 270-ohm
resistor is applied to transistor VT3 via the 56,000-ohm
resistor so as to ensure that transistor VT3 is also biased off
at this stage. Capacitor C discharges through resistor R,
eventually pcrmitting transistor VT1 base to reach a nct
negative bias, so that transistors VT] and VT2 conduct.
When thc basc drive is adequate, transistor VT3 bias is
overcome and the transistor conducts sufficiently to operate
the relay. Since transistors VTI and VT2 arc biased off
during the timing period, the time delay is mainly determined
by the timing-clement CR product, While this product can
be large, so as to give several seconds time delay, it is a
fcaturc of the circuit that when the controlling contact opens,
the resetting interval is very short, governed principally by
the time-constant of capacitor C in conjunction with thc low
resistance of thc charging circuit already described. Also,
thc timing capacitor can be a relatively low-value non-
electrolytic type, facilitating reasonably close and predictable
accuracy of timing. Choice of tapping point on thc 500-ohm
resistor chain dctcrmincs the extent to which capacitor C
must discharge before VT1 conducts, and thus pcrmits finc
adjustment of timing to the nominal value required.

Physical Design

The registcr-translator equipment is conventionally
mounted on standard 10 ft 6} in. by 4ft 6 in. 2,000-type
racks, and each rack has capacity for eight rcgistcr-translators,
Five mounting plates accommodatc each register-translator,
including both thc circuit components and the translation
strapping field. The mounting plates are bolted to the rack
and permanently inter-wired.

ELECTROMECHANICAL INCOMING REGISTER-
TRANSLATOR FOR DIRECTOR AREAS

Outline of Facilities and Operation

The block schematic diagram, Fig. 7, shows thc main
elements of the register-translator. The same incoming m.f.
receiver-sender equipment is used as in non-dircctor areas,
and it will be seen from Fig. 7 that the only difference at the
interface with the m.f. equipment is the provision of an
additional backward-signal lead (SC) to cater for return of a
spare-code signal, when appropriatc.

The operational sequence for initial seizure, return of
proceed-to-send signals and receipt and dccoding of digits is
similar to that for the non-director equipment, On normal
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subscriber-to-subscriber calls, the digits received represent
the 7-digit director-area number required, i.e. a 3-digit code
portion followed by four numerical digits. The seven digits
are stored on Post Office Type 4 uniselectors. When the
3-digit-code portion of the number has been received, the
register applies for association with a translator to obtain

When it has received seven incoming digits, the register

returns a number-received signal in order to release the m.f,
equipment at the originating G.S.C. and switch the con-
nexion through. If, however, a spare code has been received,
a signal from the translator causes a spare-code signal to be

returned instead of a number-received signal. This prompts
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Fi6. 7—Block schematic diagram of electromechanical incoming registcr-translator equipment for dircctor areas

the routing digits to the objective local exchange. After
translator association the three digits are marked into the trans-
lator in 1-out-of-10 form and operate a translation relay, TS.
The operation of this relay is signalled back to the register to
remove the code-digit-store marking, and the appropriate rou-
ting digits are then returned from the translator into these same
digit stores. An additional store, designated T in Fig. 7, is used
for a fourth routing digit when required. Following the
routing-digit transfer, the translator is released, and the
routing digits and numcrical digits are pulsed out from the
register to route the call to the required subscriber,
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the release of the trunk connexion and return of number-
unobtainable tone to the calling subscriber from the origi-
nating G.S.C.

As indicated in Fig. 7, check circuits are incorporated to
monitor the correct association and release of register and
translator, and to verify the absence of incorrect marking
conditions on input and output leads. The action taken
under fault conditions, as for the non-director equipment,
depends on the type of fault identified, and either the register
or the translator or both may be locked out of service auto-
matically. In the event of a translator being locked out,



the registers it serves are changed over to a second translator.
At any installation a minimum of two translators are pro-
vided to meet service-security requirements, and under
normal conditions each translator can serve up to eight
registers.

1T-4T to the digit-store arcs. Relay TF also releases relay CA
in the translator to remove the 1A-9A relays from the first
code-digit wires. Relay TF operates relay CR via a check
circuit which verifies that the digit wires have been cleared
of all potentials; the negative potentials from relays 1T-4T
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FiG. 8—Transfer of code and translation digits between register and translator

Circuit Principles

The register and translator circuit elements used for
transfer of code and translation digits are shown in Fig. 8.
The incoming code digits are stored on Type 4 uniselectors
1DS-3DS, and when the third code digit has been received
the register applies for association with a translator., When
association has taken place, relay KA in the register operates
and extends an earth to operate relay CA in the translator.
Contacts of relay CA permit the first code-marking condition
to be extended via the 1DS arc in the register to operate one of
nine first-digit selection relays, IA-9A; the second and third
digit markings from arcs 2DS and 3DS are used in con-
ventional manncré to operate a relay in the group 1B-90B
and, thence, the appropriate translation relay, TS.

The translator can be equipped with a maximum of 200
translation relays, 1 TS-200TS, each having 10 make-contact
units. One contact is required for each translation digit
returned to the register, and since the register-translator
design provides a maximum of four translation digits on any
call, each TS relay can be arranged to cater for two trans-
lations. As indicated in Fig. 8, this facility is obtained by
cross-connexion strapping so that the marking condition
for the first code digit operates either relay AX or relay AY
in conjunction with one relay from the group 1A-9A. Relay
AX or AY contacts select the group of TS contacts used to
return translation digits to the register.

The incoming code-digit stores, 1DS-3DS, with a fourth
store, RDS, are also used to receive and store the translation
digits returned from the translator. In order to remove the
code-digit marking, a TS relay contact operates relay TF in
the register, which now connects high-speed cut-drive relays

being isolated by the series diodes. The operation of relay
CR then operates relay TR in the register, thus closing self-
drive circuits to the digit-store uniselectors, which drive and
switch to the outlets corresponding to the translation digits
marked by the TS relay. In each case the outlet represents
the complement, with respect to 11, of the digit concerned.
Each uniselector is subsequently stepped to position 11 as its
stored digit is transmitted to line. If the incoming code
requires less than four translation digits, the TS relay contacts
for unused digits are strapped so as to mark outlet 11 of the
digit-store uniselectors concerned.

Physical Design

Two 10 ft 6} in. by 4 ft 6in. 2,000-type racks have been
designed to accommodate the register and translator equip-
ment. Two translators can be fitted on a translator rack,

and up to 12 registers on a register rack.

ELECTRONIC INCOMING REGISTER-TRANSLATOR
FOR DIRECTOR AREAS

Additions to Existing Register-Translator

The electronic incoming core-type register-translator for
director areas, as at present in use, only accepts incoming
digits in Strowger pulsing formi. As mentioned in the earlier
article in this Journal,2 however, the register-translator was
designed to anticipate the future provision of incoming
multi-frequency signalling, but additional equipment must
be installed to enable this capability to be utilized. The most
important addition is a new register signal-conversion circuit
(S.C.C.) designed to pass digital signals in 2-out-of-5 code
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Fic. 10—Association of register with receiver-sender

from a m.f. receiver-sender to the electronic common
equipment (E.C.E.), and to mark backward-control signals
received from the E.C.E. into the m.f. equipment. The block
schematic diagram (Fig. 9) shows the main elements of the
S.C.C. and its interconnexion with the E.CE. and m.f.
equipment,

One unit of the existing register-translator equipment
consists of two associated equipment cabinets known as a
cabinet-pair. One cabinet of a pair contains the E.CE.
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slide-in units, and the other contains the S.C.C. equipment
also mounted on slide-in units. The new signal-conversion
circuits for incoming m.f. signalling will be fitted in a third
cabinet—thus each cabinet-pair will become a cabinet-triple.
The third cabinet will house a maximum of 100 of the new
type S.C.C.s. Because one E.C.E. cabinet can accommodate
approximately 200 registers, half the total number of registers
at any installation can carry incoming m.f. traffic, if required.

The operational facilities of this register-translator for



incoming m.f, traffic are the same as those of the electro-
mechanical register-translator, alrcady described, and the
same rcceiver-scnder cquipment is used. An important
difference, as indicated in Fig. 9, is that thc in.f. receiver-
senders are not connectcd directly to thc register S.C.C.s,
but are arranged so that a pool of receiver-senders are shared
amnong a number of signal-conversion circuits, This is im-
portant sincc the number of signal-conversion circuits
provided at any one exchangc is dictated partly by sccurity
considerations, which require that a satisfactory grade of
service bc maintained in the cvent of failure of two electronic
common-equipinent cabinets. In consequence, when all
the electronic common-equipment cabinets are working,
thc number of S.C.C.s in service is greater than the numbecr
requircd to carry the busy-hour traffic, and it would bec
uncconomic to provide one m.f, receiver-scnder for cvery
S.C.C. With the arrangemnent adopted, thc number of signal-
conversion circuits will excced the number of receiver-senders
by a ratio of at Icast three to two.

Association of Registers with Receiver-Senders

The circuit principles used in the association of register
signal-conversion circuits with n.f. rccciver-senders are
shown in Fig. 10. The signal-conversion circuits arc arranged
in groups of 24, dictated by the capacity of thc register-hunter
bank, and cach group shares a cominon pool of, typically,
16 rccciver-senders., Relay contacts arc used to connect
S.C.C.s to rcceiver-senders, each S.C.C. having access to two
receiver-senders, on a first-choice and sccond-choice basis.
Thus, in a 24 S.C.C. group, there are 48 interconncxions with
m.f. receiver-senders, and so the 16 receiver-senders are each
interconnectcd with threc S.C.C.s. The interconnexions are
madc systematically to ensure that if onc or more register-
translator cabinets are out of scrvice, the receiver-sendcrs
arc distributed uniformly over the S.C.C.s that remain in
service,

The circuit ensurcs that a signal-conversion circuit can only
beseized by a register hunter if at Icast one of its two associated
receiver-senders is free (Fig. 10). This is arranged by taking
the P-wirctesting-inpath to a receiver-control circuit (R.C.C.),
onc of which is provided for every m.f. rcceiver-sender. Thus,
each signal-conversion circuit is connected to two recciver-
control circuits, As indicated in Fig. 10, if the first-choice
control circuit is engaged, having bcen seized from another

Book Review

“Principles of Television Reception.”” W. Wharton, C.Eng.,
F.ILE.E,, and D. Howorth, B.Sc.Tech., C.Eng., M.1.E.E.
Sir Isaac Pitman and Sons, Ltd. viii + 296 pp. 154 ill. 40s.

The scope of this book is rather wider than is implied by
the titlc. It reviews, in a simple manner, the basic principles
of modern television systcms for both monochrome and
colour in addition to dealing at greater length with the
principles of receivers.

After dcaling with the principles of monochrome reccivers,
the circuit techniques used in thc various parts of a recciver
are surveyed. Both valve and transistor circuits are con-
sidered, and useful comments arc made, about the advantages
and disadvantages of various possible arrangemcnts. The
principles of colour television and colour display tubes are
then treated and this is followed by a review of receiver
circuits for the N.T.S.C., SECAM and PAL systecms. A final
chaptcr deals with propagation, and there are appendices on
colorimetry and recciving acrials. A useful feature of the
book is thc lengthy and up-to-date bibliography (with
refercncces up to early 1967) which is included.

The trcatment is essentially non-mathematical and relies
onsimple physical explanations of circuit operation. However,

signal-conversion circuit, its B relay will be opcrated. Hence,
rclay RC will be operated in the conversion circuit to change
over the P-wire to thc second-choice receiver-control circuit.
If both receiver-control circuits arc cngaged, the P-wire will
be earthed and thc signal-conversion circuit will test busy to
thc register hunter. If, however, either of the rcceiver-control
circuits and its associated receiver-sender are free, relay B
of the frce rcceiver-control circuit will bc normal, and the
testing-in potential of - -50 volts is extecnded to the incoming
P-wire. The register-hunter can now switch to this free
condition, and thus opcratc the rclay H in the signal-conver-
sion circuit. Depending on which receiver-control circuit and
recciver-sender are free, the operation of relay H will operate
rclay AW or BW in the signal-conversion circuit to extend
the signalling and control leads to the receiver-sendcr.

In order to reduce the resistance of the P-wire circuit to a
minimum, the receiver-control circuits are mounted in the
signal-conversion circuit cabincts, and thc intcrconncxions
betwecn S.C.C.s and R.C.C.s are made on an association
frame which is mounted en suitc with thc S.C.C. cabinets.
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for the most part, the explanations arc brief and require from
thc rcader a reasonable familiarity with valve and transistor
circuits.

Chapter 2 on ““Circuit and Modulation Thecory” contains
the surprising statement that two mcthods of circuit analysis
are used in television, viz. steady-statc analysis for picturc
circuits and pulse or transient analysis for synchronization
circuits. Even more surprising in the light of the lead which
thc U.K. has given to the rest of thc world in the use of K-
ratings and waveform specifications, is thc appearance, four
pages later, of steady-state limits for tolerances on gain
and group-delay/frcquency charactcristics which are claimed
to beappropriate to the British 625-linc systcm. In Chapter 10,
the description which is given of diffcrential phasc and gain
distortions is also liable to causc some confusion to a new-
comer to the subject,

Despite these criticisms the grcat majority of the subjcct
matter is well presented and the book is well produced and
clcarly illustrated. It can be recommended for anyonc who is
reasonably familiar with valve-circuit and transistor-circuit
techniques and who requires a survey of modern television
practice with special emphasis on reception.

I. F. M.
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A Field Trial of an Experimental Pulse-Code
Modulation Tandem Exchange

K. J. CHAPMAN, B.sC., C.ENG., M.LE.E,, and C. J. HUGHES, M.sc., C.ENG., M.I.LE.E. T

U.D.C. 621.376.56.001.41: 621.395.722

An experimental pulse-code modulation (p.c.m.) tandem exchange has been developed as the basis of &
trial to test the feasibility of switching telephone traffic in p.c.m. form. Although small, the model exchange
contains many of the features of a full-size exchange suitable for London tandem applications. It is now
installed in Empress telephone exchange in west London where it will carry live traffic originating from

three nearby exchanges.

INTRODUCTION

Pulse-code modulation (p.c.m.) is now widely accepted as a
means of increasing the number of circuits that can be pro-
vided by existing multi-pair audio junction cables. The
advantages of p.c.m. transmission have already bcen
described:! by the end of 1969 it is expected that over 900
separate 24-circuit p.c.m. point-to-point systems will be
installed in the United Kingdom network.? As such systems
penetrate the network the possibility of p.c.m. switching
becomes increasingly attractive, particularly to perform the
tandem switching function between junctions. When a tandem
exchange of conventional design is uscd it is necessary to
decode the p.c.m. signals at the entry to the exchange and to
encode them again for retransmission over another p.c.m.
link. Such an arrangement is not only costly in encoding and
decoding equipment but it also causes an unnecessary degra-
dation of speech quality by repeating the sampling and coding
processes. Digital switching avoids these difficulties and can
be scen to be complementary to p.c.m. transmission (Fig. 1).
The p.c.m. line signal is alrcady time-divided, and the prin-
ciples of t.d.m. switching by high-speed electronic gates can
be applied directly; no additional peripheral modulating
equipment is required. The robust digital p.c.m. signal is more
tolerant of crosstalk and interference within the exchange
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[S——ryr EXCHANGE

AUDIO
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(a) Existing Audio Circuits
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EXCHANGE — EXCHANGE
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(6) With P.C.M. Transmission only

3d8
LOCAL = N ey LOCAL
EXCHANGE - EXCHANGE
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24- Circuit p.c.m, lerminal

TANDEM
Audio link

_____ P.C.M. link

v

(¢) With P.C.M, Transmission and Switching
FiG. 1—Advantages of p.c.m. switching for tandem applications

t Electronic Switching Branch, Research Department, Tele-
communication Headquarters.
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than the signals of earlier pulse-amplitude modulation
systems. Also, by the use of 4-wire digital switching in con-
junction with p.c.m. transmission, significant reductions in
transmission loss can be obtained, particularly for calls
across large urban areas, as, for example, in the London
tandem network.

Clearly, the economic attraction of p.c.m. in a particular
switching environment will be dependent on the proportion
of p.c.m. transmission systems already in service, or likely to
be installed within the life of the new switching equipment,
and on the relative cost of p.c.m. switching compared with
switching by conventional means. In fact, the indications are
that the cost of p.c.m. switching will be significantly less than
that of audio switching, so that the cost saving might be used
to offset the expense of meeting the net increase in peripheral
p.c.m. multiplex equipment which would be necessary
initially in an environment which was mainly of audio
junctions.

EMPRESS EXCHANGE FIELD TRIAL

Preliminary study of the basic technical problems of p.c.m.
switching indicated that there was no effective substitute for
an experiment involving the detailed design and construction
of an integrated p.c.m. transmission and switching system,
and the installation of this system in rcpresentative Strowger
surroundings where it would interwork fully with the existing
network and carry live telephone traffic.

Thus, the prime purpose of the experiment was to demon-
strate the technical feasibility of p.c.m. tandem switching of
p.c.m. junctions serving Strowger-type local exchanges, to
expose any practical problems and to find solutions to them,
and to establish a firm basis for future development. The
experiment should also go a long way towards indicating the
technical possibilities and economics of more widespread
use of fully-integrated p.c.m. line and cxchange systems.

As examples of some of the practical problems, means
must be devised of suppressing the effect of interfering
signals when operating in the rather high level of inter-
ference generated by adjacent electromechanical equipment.
Rather scvere timing requirements have to be met, and timing
problems are greatly affected by the actual physical layout
of the equipment: production tolerances of the circuit
elements used must also be taken into account. New com-
ponents and techniques have to be shown to be sufficiently
fault-frec and to have an acceptable life for the job. System
design must provide alternative paths so that, when faults do
occur, the traffic can be carried until maintenance repairs
have been carried out.

Three adjacent London director exchanges—Acorn, Ealing
and Shepherds Bush*—were selected for the trial. These

* With the introduction of all-figure numbering, these exchange
nan&es together with that of Empress exchange are now no longer
used.




exchanges serve an area with a community of interest, so
that in the normal course much traffic passes over direct
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F1G. 2—Block schematic diagram of Empress exchange field trial
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audio junctions between them. A proportion of this traffic is
automatically diverted to p.c.m. equipment installed at these
exchanges, where the information is converted into p.c.m.
form and passed to the experimental switching unit, which,
for convenience, is located at Empress exchange in the
vicinity. Fig. 2 shows that each exchange is equipped with
two 24-channel multiplexes. In addition, there are two p.c.m.
multiplexes at Empress exchange, but these do not carry live
traffic; they are used solely for tests and demonstration pur-
poses. Thus, the experimental exchange handles only 144
live channel connexions (40 Erlangs of traffic); even so, it
contains many of the features of a full-size exchange.

In early 1965, work commenced at the Post Office Research
Station on the detailed design of the model exchange. Two
years later, prototypes of many of the key units had been
constructed and tested, and limited quantity production
began; wiring and assembly of the racks commenced in June
1967. By January 1968, assembly work was almost completed,
overall commissioning tests commenced, some modifications,
mostly of a minor nature, were carried out, and the model
was moved to its site in Empress exchange in the following
April (Fig. 3).
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Fi6. 3—Field trial p.c.m. exchange equipment
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P.C.M. Line Systems Used

The 24-circuit p.c.m. line systems supplied for thc trial are
substantially the same as those currcntly being installed in
the United Kingdom network for normal point-to-point
working.* For cach input channel thc analogue speech wave-
form is sampled at 8 kHz, and the amplitudc of this sample
is decscribed using a 7-digit binary code, which spccifics
27 (128) different levcls, or quantizing steps. Tn fact, for each
channel cight digits are transimnitted to line; the first digit,
known as thc signalling digit, specifies the signalling code,
whilc the remaining seven digits spccify the speech-waveform
amplitude. The eight digits representing cach channel form
a time-slot; these arc then interleaved with the 23 other
time-slots to form a framc (Fig. 4). In fact, a 4-framc multi-

st FRAME (125.5)

Facilities for forward and backward call-trace have also
been incorporated in the line systems. After a call has bcen
sct up over the p.c.m. network, forward call-trace can be
initiated by thc inscrtion of a U-link into a test point on the
appropriate channel outgoing signalling relay-set of the
multiplex equipment. This causes the appropriatc signalling
condition to be transmitted to linc, and a lamp display at
the incoming signalling relay-set at the distant-cnd multiplcx
equipment indicates that call-trace has becn rcquested. When
call-tracc has been cstablished, the call cannot be relcased by
normal clearing signals. Similar facilities exist in the rcverse
direction. The experimental exchange has, of course, bcen
dcsigned to handle call-trace signals; its supervisory equip-
ment inhibits rclcasc in the presence of call-tracc, and a lamp
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frame is uscd; the first digit provides signalling information
in odd frames only, in the sccond frame of the multi-framc it
is at present unallocated, while in the fourth frame it provides
the synchronization pattcrn.

Correct interpretation of signalling conditions is of course
vital to the operation of the exchange; these conditions arc
transmitted in the form of rhythmic, or coimmma-less, codes
(Table 1) formed by the state of the signalling digit in suc-
cessive odd frames.

TABLE 1
P.C.M. Line System Signalling Codes

State of
Signalling Digit
Appcaring Serially
in @dd-Numbcred

Signalling
Condition (Backward
Direction of
Signalling)

Signalling
Condition (Forwaré
Dircction of
Signalling)

Frames
000000. . .. Circuit idie Circuit busy
and dial break or called party
period clear
DR DR I Call trace Circuit free
: or call-trace
oiolol . ... ‘ Circuit scized Called party

and dial make
period

answecer
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display provides an indication of the path taken by the call
through the exchange. The cxperiment should illustrate the
feasibility of providing these facilities in the future for
cxchange-maintenance purposes.

Apart from the call-trace facility, the line systems differ in
certain other respects from thosc currently specified for
point-to-point working. In order to mect the timing require-
ments at the exchange it is necessary to maintain a fixed
relationship between all transmit and receive timing at each
multiplcx tcrminal. Also, to ensure delivery in time for thc
field trial (thesc systems werc some of the first to be ordered)
it was necessary to accept certain deviations from standard
practice, the most important ones being the use of a straight
binary linc code instead of a symmetrical binary code with
alternatc-digit inversion, and the usc of a 24-bit synchroniza-
tion pattern instead of the preferred 16-bit pattern. For
systems connected to an exchange the choice of line code
can be important in ensuring that the line rcpeaters remain
active under idle conditions.

Two-cable working is employed, and regenerators arc
fitted wherc necessary. The longest routc rcquircs seven
regencrators; this is sufficient to demonstrate synchronization
problems.

Access From Strowger Exchanges
Access equipment is required at the Acorn, Shepherds
Bush and Ealing exchanges to ensure that a proportion of the



traffic is diverted to the experimental p.c.m. network. For
calls originating at one of these exchanges and requiring
access to another of them, the first two digits of the director
routing code actuate the Strowger code selectors in the normal
way and, at the output of the second-code selector, a choice
is made between an audio route via a third-code selector
and a route incoming to the experimental p.c.m. network.
Early-choice and late-choice outlets are interleaved to give a
realistic traffic loading to the experimental network. If the
experimental network is chosen, then the third routing digit
controls the routing of the call through the experimental
exchange. Thus, the register unit of the model is required to
handle only one routing digit. In this respect it is simple in
concept, but the principles used can be readily extended to
cope with more routing digits. Outgoing routes from the
experimental network have access to first numerical selectors
at Acorn, Ealing and Shepherds Bush exchanges.

System Security and Change-over Arrangements

In a trial of this nature involving public traffic, security of
service is of the utmost importance; during commissioning
the experimental equipment was subjected to a very compre-
hensive set of overall tests, which included measurement of
timing tolerances, behaviour under extremes of ambient tem-
perature and performance in the presence of external inter-
fering fields, as well as a confidence test for an extended
period. The cxperimental unit is also equipped with compre-
hensive automatic routining facilities for the regular checking
of all its essential parts; these routiners operate in conjunction
with print-out equipment and proved to be of considerable
value during commissioning and confidence testing. The
system philosophy permits a variety of alternative paths to
be offered for each desired connexion; path selection ensures
that the use of paths involving faulty equipment is avoided,
and where possible a record is provided of the paths which
have been rejected. All the essential common equipment,
such as the exchange timing equipment (clock oscillators)
and waveform-generation equipment has been triplicated.

In spite of these precautions to provide adequate security
and fault tolerance within the exchange, unforeseen problems
must be expected, while the small size of the network imposes
restrictions which would not apply in full-size exchanges. If,
for example, one line system fails on one of the links between
Empress exchange and an outstation, the outgoing capacity
of that link is halved and congestion can occur within the
experimental network. The network is therefore equipped
with a manual and automatic facility for diverting new calls
away from it in the event of trouble.

DESIGN OF THE EXPERIMENTAL EXCHANGE
Switching Network

The switching network forming the experimental exchange
is, in effect, composed of co-ordinate switches similar in
principle to those used in crossbar and reed-relay exchanges.
In such switches, connexions are established through a parti-
cular co-ordinate point, known as a cross-point, between a
particular row and a particular column. The p.c.m. switches
differ from the more conventional co-ordinate switches,
however, in one essential feature. Because the p.c.m. cross-
points are time-shared, each provides the equivalent of
24 cross-points in a space-divided analogue network.

A 3-stage symmetrical switching network is used; systems
employing more switching stages were rejected because they
did not give sufficient cross-point economy to justify the
consequentincreased complexity in control, and the additional
transmission-path delays produced more difficult timing
problems. A full-size exchange operating on the same principle
as the experimental unit would use matrices of up to about
15 x 15; the particular trunking arrangements used for the
experimental exchange are shown in Fig. 5. Although the
switching matrices used in the experimental unit are small,

INCOMING
JUNCTIONS

CUTGIING
JURCTIONS

DELAY UNLTS

‘The model exchange is equipped with two A-switches, three B-switches and two
C-switches

Fic. S—P.C.M. tandem exchange switching network

the fan-out associated with a full-size matrix is simulated in
one A-switch,

Incoming junctions are connected to the A-switches, and
the central B-switch stage contains delay-link units, the
purpose of which is described in a latter section. The C-
switches give access to the outgoing junctions.

For a large exchange, up to about 15 A-switches and
15 C-switches could be provided while maintaining full inter-
connexion between these switches; such a unit could handle
about 3,000 Erlangs of traffic. For larger exchanges, limited
availability is proposed: in the B stage, connexions that do
not require delay are routed via the BZ-switch cross-
points.

The particular combination of paths required for all the
channels that have to be connected at a particular slot time
are set up by the control, and the information on the channels
is passed between the appropriate exchange terminals during
that slot time. At the end of the slot time all the connexions
are cleared and the necessary interperipheral paths for the
channels in the next time-slot are made before the slot time
begins. It is, therefore, essential to use electronic devices for
the cross-points, because the switches have to operate at very
high speeds. Such devices should also give greater reliability
and freedom from wear problems than electromechanical
devices. As only 1/24th of the cross-points required for an
equivalent space-division exchange are necessary, the elec-
tronic cross-point devices can be more expensive than the
electromechanical ones and yet still show an overall
economy.

Fig. 5 also shows how the switches and links may be
organized in security layers to cope with equipment failures.
For example, if part of the Bl-switch or its associated links
fail, the A-switches continue to have access to both C-switches
via the B2-switches and B3-switches.

Fig. 6 is a simplified schematic diagram of the complete
exchange.

Timing Problems
The time-divided nature of the p.c.m. line signal brings

with it some rather severe timing requirements. For the

189



REGISTER
SWITCH
J":_}_——_ REGISTER CALLED ROUTE
aursns . TRANSLATOR I
= CHAMNELS
I SYSTEM
UNIT ) || spsrew)
i (ALIGNER) | P CM.
SYSTEM SWITCHING NETWORK SYSTEM
N ING OUTGOING
TRUNK TRUNK
INCOMING
CHANNELS | UNIT A A UNIT | QUTGOING

PATH
SELECTOR
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24-channcl p.c.m. system operating at [-536 Mbits/second,
the fundamental digit-pulse period is about 650 ns; a S0 per
cent duty cycle is used, giving a digit-pulse width of
325 ns.

To retain the identity of individual conversations, and to
enablc them to be correctly switched through thc exchange,
all the incoming information from the different routes is
synchronized at the entry to the exchange. Thus, each system
connected to thc cxchange requires a unit known as an
aligner to compensate for delay variations due to temperature
changes and repeater phase jitter etc., and to align incoming
information with exchange time. For paper-core junction
cables the delay variations are not likely to exceed 150 ns/mile
even under extreme conditions, and the system aligners
provided for the ecxpcrimental exchange incorporate an
8-digit variable-delay buffer store. The experimental p.c.m.
network operates on a synchronous-star principle, and the
exchange clock-oscillator controls all network timing. In
addition to variable storage, some fixed delay has, in general,
to be provided so that the loop delay on any link is an integral
number of multi-frames. For the experiment this has been
provided partly by additional fixed delay in the system
aligners, and partly by adjustment of the relationship between
transmit and receive timing at the p.c.m. multiplex equip-
ments at the outstations.

In handling digit pulses of 325 ns duration, the propagation
delay of the electronic switching elements and, indeed, of
every few fecet of inter-connecting wire has to be taken into
account, It is, therefore, necessary to introduce four deliberate
stages of half-digit retiming of pulses during their passage
through the exchange. These timing devices permit con-
nexions of up to SO feet in length between switching stages;
such connexions would be necessary in a large exchange.

Function of Delay-Link

The switching network of A, B, and C switches enable a
caller on, say, channel slot 2 of a particular incoming route
to be given access to the same channel time-slot of any out-
going route. As the exchange is handling junction traffic, the
choice of outgoing time-slot is, however, unimportant, for
all time-slots of a particular p.c.m. system serve the same
destination. Traffic studies have shown that, in a large
exchange, approximately 40 per ccent of calls can be set up
without the need for slot changing.* For the remaining
60 per cent of the traffic the same time-slot will be busy in
the wanted route, and it will then be necessary to introduce
time-switching. For this purpose delay links arc introduced
which arc capable of storing the p.c.m. message appearing
in, say, slot 3, and releasing it in, say, slot S (Fig. 4). The
link units are either of the fixed-delay type, introducing
delays of, say, one or two slots, or of the variable-delay type
—these arc more complex units capable of connecting any
incoming time-slot to any outgoing time-slot and of working
in conjunction with a program unit. If, for example, a delay

190

of three slots is provided in the forward direction, then it is
necessary to provide a complementary delay of 21 slots in the
backward direction.

Call Detection, Path Selection and Control
Equipment

Each p.c.m. system is terminated in a system unit which
provides synchronization-pattern detection and generation
equipment and the time aligner. For each system of the
experimental network, incoming and outgoing channels arc
interleaved alternately, so that no system serves exclusively
one type of junction. Thus, at the system-unit output, in-
coming channels arc associated with an incoming trunk
unit, which includes supervisory equipment and provides
access to the register switch and thence to the rcgister-
translator. Outgoing channels arc associated with an outgoing
trunk unit, Path-selection equipment is linked with the
B-switches of the switching network. The method of setting-
up calls is described in a later section.

Cross-Point Switches and Stores

In a conventional space-division exchange, a connexion.
once set up, is held for the duration of the call. In the p.c.m,
exchange, because of the time-division naturc of the signals,
a connexion is held only for the duration of a channel time-
slot (5-2 us) and then it is released so that the signals on the
subsequent time-divided channels can be switched to their
destinations. In the next p.c.m. frame, the incoming channel
must be switched to its outlet as before, and so on.

The forcgoing features make the design of the cross-point
switches very different from that of switches for a more
conventional exchange. Firstly, thc cross-points have to
operate far more rapidly than would be possible with electro-
mechanical switches, and solid-state logic gates have to be
used. Secondly, because of the necessity for rearranging the
connexions for each channel, a store must be associated with
the cross-points in order to memorize the switching con-
figuration for each channel time-slot. This store is operated
in a cyclic fashion so that the same switching information is
presented in the corresponding channel time-slot of each
frame, the only change in the cycle occurring when a new
calil is set up or when an existing call is cleared.

A simplificd logic diagram for one 3-outlet column of a
cross-point matrix and its associated core store is shown in
Fig. 7. The core store is rcad by a pulse from thc appropriate
read amplifier just before the signals for that particular time-
slot arc expected on the highways. The store toggles T1 and
T2 are thus set to a binary combination corresponding to the
cross-point it is required to operate. Because it is a 3-way
switch, two binary digits are required to operate it, thc 00
combination being used for the free condition. Three binary
digits would be necessary to control a 7-way switch and four
binary digits for a 15-way switch.
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The cross-points must be operated between digit 8 of one
time-slot and digit 1 of the next, an interval of only 325 ns.
This requires very precise timing, and store toggles could not
control the cross-points directly. Sccondary toggles, T4--T6
and T7-T9, mounted on the switch unit and operated by
clock pulses, are, therefore, usced for this purpose. Two sets
of toggles are used, onc for each direction of transmission
since, owing to different propagation delays, the time-slot
for one direction of transmission is not exactly coincident
with that for the other dircction. These toggles control the
main cross-point gates G1-G3 and G5-G7, rcspectively. As
the p.c.m. signals and thc outputs from the control toggles
have the same logic levels, the decoding of the control signals
and the switching of the p.c.m. signals can be carried out
within the same logic gates.

Error Detection

In addition to the two binary digits used to control the
cross-points, a parity bit is used to check the operation of the
switch; the coding is shown in Table 2.

The parity bit is stored in the same way as the control bits,
and the store output is used to operate toggles T6 and T9.
If the operation is correct, the output of toggle T6 will apply
an inhibit condition to that gate of the group G9-G12 which
corresponds to the cross-point that has been operated by the
contro} bits. The p.c.m. signals are thus prevented from
passing through to the error toggle, T1{. However, if the
p.c.m. signals should pass through an incorrect cross-point,
as indicated by thc parity bit, the inhibit condition is not
present on the corresponding gatc and the first 1 digit in the
p.c.m. signal will pass through the gate and operate the crror
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toggle. In the opposite direction of transmission, the output
of toggle T7 is used to apply the inhibit condition to gates
G13-G16, but the error toggle is common to both directions
of transmission. The gates G4 and G8 are dummy cross-
points used to decode the 00 combination of control bits, so
that a complete parity check can be applied in accordance
with Table 2. This method of parity checking not only

TABLE 2

Parity Check for Cross-Point Operation
for 3-Way Switch

Cross-point Parity
Control Bits Bit
00 (free) 0
01 1
10 1
11 0

checks the store output but also the operation of the cross-
point control toggles and the cross-points themselves.

The operation of the error toggle causes a print-out to be
made on the fault printer and also resets the hold toggle T10.
If the error condition continues for the duration of the
persistence test, the call is released.

Delay-Link Stores

Both the fixed-delay and variable-delay links use a fast
capacitor-diodc store for storing the p.c.m. signals and
releasing them after a suitable delay. Fig. 8 shows the prin-
ciple of operation of the store. The column wires are each
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connected to a low-impedance d.c. supply in turn, column 1
being connected during the first digit interval of the channel
time-slot, column 2 during the second digit interval, and so
on. During the {irst channel time-slot, the p.c.m. signals are
applied to the first row of the storeand, if a | is to be written,
a negative potential is applied to the write wire. The appro-
priate capacitor is thus charged via the row write wire and the
column wire. If a 0 is to be written, zero potential is applied
to the row write wire and the capacitor is not charged.

In order to read out from the store, the column wire is
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energized at the appropriate digit time as before and the
read wire, which is normally held at a negative potential, is
made positive. If the capacitor has been charged during the
write cycle, the resulting discharge current is detected as a
logical 1.

Supervisory Equipment

The 24-channel supervisory equipments are provided on a
basis of one to each incoming trunk unit. The first function
of the supervisory equipment is to detect the calling condition
on a channel and, after a persistence check, to generate a
register-wanted signal in order to connect the calling trunk
to a free register via the register switch.

If the connexion is made successfully, a register-connected
signal is returned to the supervisory equipment, which then
injects a holding condition into the receive highway. This
condition takes the form of a logical ! signalling digit in the
channel slot in frames 2 and 4, which are, respectively, unallo-
cated and used for synchronizing the line-transmission system.

The supervisory equipment is also used to detect the
clearance condition. Clearance is indicated by the signalling
digit changing to 0 in both directions of transmission, and a
98 ms persistence check is used to detect this. The check
interval is longer than the longest permitted dial-pulse break
period (83 ms) from the pulse regenerator in the originating
exchange and shorter than the minimum period of backward
busy condition (250 ms), indicating clearance from the ter-
minating exchange. In order to allow for the effects of noise
pulses, the 98 ms interval is divided into 3-5 ms sub-intervals,
and clearance is assumed unless a valid hold condition exists
for the whole sub-interval. Once clearance is detected, the
holding condition is removed and, after the 4-frame persis-
tence tests in the cross-point switches, the call is cleared.

OPERATION OF REGISTER TO SET UP A
CONNEXION

Register Access

When the register-wanted signal is generated in the super-
visory unit, the scanning waveforms applied to the trunk
unit and to the register switch ensure that the binary code
corresponding to the trunk unit is written into the store
associated with the first free register. Connexion is thus
made from the trunk unit to the register via the register
switch, and the main highways in the trunk unit are inter-
rupted so that the register can send and receive signals in
both directions.

Counting Strowger Digits

The register is shown in block schematic form in Fig. 9.
The first part of the register is operated on a t.d.m. basis
and detects and counts 10 pulses/second Strowger signals.
This is done by sampling the p.c.m. signalling digit every 6 ms
and applying suitable persistence tests to detect genuine
makes and breaks. The persistence tests are necessary to
overcome the effects of contact bounce in the originating
electromechanical exchange and occasional errors in the
p.c.m. system. The detection of a valid break condition
followed by a valid make is interpreted as a Strowger pulse,
which is then passed to the 24-channel pulse counter.

In a large exchange, two or more Strowger digits would
have to be received and a translator employed in order to
mark the required outgoing route. However, in the small
experimental exchange, only four routes have to be catered
for plus a dummy route for routine-test purposes. A single
Strowger digit is adequate for routing information, and the
register itself can be used to mark the outgoing route directly.

The make-period timer in the register is designed to
recognize the inter-digital pause (i.d.p.) at the end of the
first Strowger digit by counting, in conjunction with the
make-persistence circuit, a total of sixteen 6 ms samples corre-
sponding to the make condition, without the intervention of
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Fic. 9—Block schematic diagram of register

a break. Once the i.d.p. has been detected, the outgoing route
is determined by the output of the pulse counter, and the
call is ready to be set-up.

Setting-up the Connexion

Although the counting of the Strowgcr pulses is carried
out on a 24-channel basis, only one call at a time is set up
by the register. Since the i.d.p. may have been detected on
more than one channel, one of the channels on which the
i.d.p. has been detected for setting-up has to be selected.
This is carried out by storing all the channels that have
reached the i.d.p. condition in the ready-for-setting-up store
and selecting one of these channels on a quasi-random basis
in the channel selcctor.

The setting-up of the call is carried out by those portions
of the register shown on the right-hand side of Fig. 9.
Scanning waveforms ensure that each register in turn has
exclusive access to the exchange for a period of 28 p.c.m.
frames (35 ms). If a register has a call in the channel selector
during this time, an attempt is made to set up this call through
the exchange.

The register first transmits a forward mark condition or
INDICATE signal in the calling channel via the trunk unit
associated with the call. This signal is fed over a separate
wire to the A-switch matrix. It then fans out to the B-switches
unless the link between the A-switches and B-switches is
already occupied by a call in that particular channel time-
slot; an inhibit condition is then applied.

The destination of the call is determined by the pulses
stored in the pulse counter. The output of the pulse counter
is, therefore, gated with the channel selected for setting-up
and fed as a backwards mark to the system units associated
with the required route and thence to the outgoing trunk
units. Here it is extended in duration to cover all the out-
going channels associated with thce required route and fed
to a gate in which the mark is inhibited for those channel
time-slots that are already occupied by calls. The remaining
mark pulses fan.out to the B-C links, and, again, an inhibit

condition is applied if the B-C link is busy in a particular
channel.

The method of setting up the call in the B-switch is shown in
simplified form for a fixed-delay link in Fig. 10. The indicate
signal is offered to all the delay links in a B-switch and, if
the link is free in the calling-channel time-slot, the indicate
signal is fed through the link in the form of a 11111111
combination. In the BO-switch, an indicate signal is distin-
guished from a normal p.c.m. signal by the absence of 1
digits in the corresponding BO-switch store.

If the INDICATE signal, after it has been delayed in the link,
should coincide with a backwards mark pulse, toggle T1 is
operated via gate G1 during frame 5 of the 28-frame setting-up
cycle. This shows that the delay link is potentially able to
set up the call. However, several delay links within the B-
switch may be available to set up the call, so that a system
of wired preference has to be used to reset all the toggles
except one.

The output of the toggle Tl is passed to the B-switch
selector, which makes a quasi-random selection of those
B-switches in which a T1 toggle has been set. It then passes
a SELECTED signal to the G2 gates in the selected B-switch
and, if the toggle TI has already been set, the AND gate G2
will be operated during frame 9 of the 28-frame cycle.

Toggle T2 will be set and will then prevent any subsequent
pulses from passing through gate G2. Meanwhile, some of the
gates such as G3 will have been primed by the backwards
mark signal with the code¢ of the B-C link, and, when the
pulse passes through gate G2, the BO-switch stores will be
written with the link code at a slottime equal to the calling-
channel slot plus the number of slots delay in the link. The
BO cross-point switches will then switch the outgoing side of
the delay link to the markcd B—C link until the call is cleared.

Once toggle T2 has been set, a write signal is passed back
to the Bl-switch. The indicate signal, which has already
primcd some of the gates, such as gate G4, with the code of
the A-B link, is then allowed to write the BI store.

A path involving zero time-delay is set up in a similar
way, except that the initial selection is carried out during
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frame 3 of the setting-up cycle, to ensure that a zero-delay
path is always chosen in preference to a path involving slot
changing. The exact inethod of setting up a call via a variable-
delay cord is outside the scope of this article, but it is
obviously more complicated because a separate store has to
be used to control the amount of delay required for each call.

When the path through the B-switches is completed, the
A-switch store receives the code of the incoming trunk so
that there is a path from the register through the R, A, BI
and BO switches. The register can then proceed to check
that the call is being set up satisfactorily.

Checking
The checking process is carried out in three stages, as
follows:

(/) The register checks that the signalling digit received
from the originating exchange is 0 in two successive signalling
frames. Since the C-switch has not been written, any 1 digit
would indicate connexion to another working circuit.

(ii) The register sends forward a seize signal, via the
A-switches and B-switches, to the C-switch and checks that
1 digits are being received from the exchange in two
successive signalling frames. This indicates that a circuit-free
signal is being received from the terminating exchange.

(iif) The register then sends forward a seize signal through
the completed switch path to the terminating exchange.

After a suitable interval, a check is made for 0 digits in
two successive signalling frames. This shows that the circuit-
free signal has been changed to a circuit-busy signal on seizure.
Owing to possible delays in the terminating exchange, this
test is performed approximately 9 ms after the 28-frame
setting-up cycle.

Normally, setting up a successful call through the experi-
mental exchange is completed at this stage, and the register
is released by inhibiting the hold condition to the register and
register-switch stores. This releases the register switch and
removes the split condition from the main highways in the
trunk-unit. A through connexion is then available from the
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originating director to the terminating exchange, and the
remaining Storwger pulses are conveyed through the tandem
exchange using the p.c.m. signalling digit in the usual way.

If any of the above checks should fail, the path through the
exchange is held and a second attempt is made via a different
path, If both attempts fail, the number-unobtainable-tone
store in the trunk unit is written and tone is returned to the
subscriber.

PULSE AND POWER SUPPLIES

The main clock supply is derived from a triplicated
3:072 MHz oscillator so designed that any one oscillator
can fail to any condition without affecting the output appre-
ciably. Triplicated dividers with majority-decision outputs
give secure timing waveforms, which are distributed via a
system of buffer amplifiers arranged in three security layers
to correspond with the security layers used in the switch
network.,

Power supplies of +24 volts and 12 volts are distributed
to various parts of the exchange via laminated-strip trans-
mission lines to minimize noise pick-up. The +S5-volt supply
for the integrated circuits is derived from the +12-volt supply
by a series transistor controlled by a Zener diode on each
plug-in unit. Low-voltage and over-current alarm circuits are
provided on each unit.

ROUTINERS

Routining is carried out by two routincrs and a special
design of routiner outgoing-trunk unit, which simulates a
terminating exchange. The first routiner is designed to test
the register and setting-up functions. The programs of opera-
tion are controlled by up to four wired-logic cards, which
can be changed if it is found desirable to alter the program
at some time in the future. The basic program is one in
which the routiner injects a signal into an incoming trunk
unit and seizes a register. It then dials a digit, which causes
the exchange to set up a connexion to the routiner outgoing
trunk unit and enables the routiner to check both the trans-



mission and the signalling. The other programs enzble calls
to be set up to the terminating exchanges and to check func-
tions such as time-out and clearance.

The second routiner acts mainly to check the transmission
through the delay links. This is important, since a fault in a
single storage cell in a link can give rise to very poor speech
quality, whilst checks on the signalling digit do not give any
indication of a fault. This routiner can set up a path via a
delay link, check the transmission and clear the connexion
during one of the 28-frame cycles such as used by a register
for setting up a call. This routiner does not, therefore,
produce any increase in the traffic loading of the exchange.

COMPONENTS

Integrated circuits of the diode-transistor logic (d.t.l.) and
transistor-transistor logic (t.t.1.) families’ are used for nearly
all the logic and switching functions. The main advantage
of the integrated circuits has been to reduce the number
of connexions on to the printed wiring board and thereby
improve the reliability of the system. A secondary advantage
has been to reduce the constructional effort required—an
important feature since nearly all the work was carried out
in the Post Office Research Department.

The main storage functions are carried out by 25 X 64
matrices of 0-03 in. ferrite cores. Integrated-circuit differential
amplifiers are used as read amplifiers, but discrete transistors
have to be used for driving purposes on account of the
relatively high power required.

DURATION OF THE TRIAL
Good progress has been made in commissioning the
exchange; difficulties encountered so far have all been mainly

of a minor nature, and the experience to date has not
revealed any major problems which would indicate that
p.c.m. switching by the methods proposed is not a technically
feasible and sound proposition. Much will be learnt during
the progress of the trial with live traffic of the reliability of
this type of equipment and its behaviour in a Strowger
environment and of the problems of locating and replacing
faulty components. It is planned that the experimental
exchange will be maintained continually in service for a
period of at least one year, and during this period the
routining and print-out equipment and the traffic recorder
will provide much valuable information on its performance,
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The Experimental P.C.M.
Empress, London

U.D.C. 621.376.56.001.41: 621.395.722

An article in this issue of the Journalt describes the experi-
mental digital tandem exchange which has been designed at
the Post Office Research Station at Dollis Hill to test the
feasibility of switching telephone traffic in pulse-code modula-
tion (p.c.m.) form. The article records the installation of the
switching equipment in the Empress exchange building in
West London, and reports favourably on the progress made
with its commissioning.

On-site testing has continued well, and on 11 September
the exchange was opened for live traffic by the Postmaster
General, the Rt. Hon. John Stonehouse, M.P., who formally
marked the occasion with an inaugural call to the Mayor of
Hammersmith, Sir Samuel Salmon, (Fig. 1). The ceremony
was attended by representatives of the telecommunications
industry, universities and the press and by senior members
of the Post Office. In his address the Postmaster General noted
the growing experience with p.c.m. transmission systems at
home and abroad, and said that the particular significance of
the Empress exchange was that it was the first example of
switching p.c.m. signals carrying live traffic anywhere in the
world.

He stressed the important part that fast microelectronic
circuits had played in the design, and described the experiment
as one major step towards a telecommunications system that
is fast, efficient and cheap and can take any form of traffic—
voice, vision or data—in its stride. He warned that “the

1 CuarmaN, K. J., and Hugues, C. J. A Field Trial of an Experi-
mental Pulse-Code Modulation Tandem Exchange. In this issue.

Exchange Opens at

FiG. [—The Postmaster General makes the inaugural call
development of itself would not change the characteristics of
our system overnight”, but congratulated the team of en-
gineers at Dollis Hill on their imaginative experiment which
could have important and far-reaching consequences for the
future planning of the system. L. R. F. H.
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The Quest for a Telegraph Relay of

Greater Reliability

R. W. BIGG ¥

U.D.C. 621.318.562.3.004.6: 621.394.65

The cost of maintaining the conventional type of polarized telegraph relay and the ever-increasing nimnbers
of these items in service have led 1o a need for a more durable replacement. The present trend of develop-
nment is discussed and possible future development suggested.

INTRODUCTION

From the earliest beginnings of the art of telegraphy,
the telcgraph relay has formed an important link in any
telegraph-transmission systein. Indeed, in early systems thc
telegraph rclay was to tclegraphy what the valve amplifier
was to telephony. In present-day telegraphy, as well as being
uscd as signal repeaters on d.c. lines, telegraph relays are used
as output devices on all types of telegraph-transmission
equipment, an cver-increasing quantity of which is being
placced in service.

The tclegraph refay is rcquired to perform a far more
onerous task than its counterpart used in telephony. Whercas,
in telephony, relays are required to perforin relatively oc-
casional switching functions or to repeat low-spced dial
pulses, the tclcgraph relay is required to be capable of con-
tinuous operation at high speed for long periods. Moreover,
it is required to rcpeat, with negligible distortion, the complex
input signal. These exacting requirements havc in the past
been met by the electromechanical polarized rclay, the
design and reliability of which have been constantly improved.
However, the continuous make-and-break action of the
contacts, particularly when transmitting into highly-reactive
loads, inevitably causes contact erosion, leading to distortion
of the signals and, eventually, complcte failure of the relay.
Thus, regular and, in many instances, frcquent attention
must be given to the relay. As anyonc who has been concerned
with telegraph maintenance will know, relay cleaning and
adjustment account for a considerable portion of the total
maintenance effort,

REQUIREMENTS OF A REPLACEMENT DEVICE

The principal requirement of any device intended to rcplace
the polarized rclay for telegraph applications is the elimination
of the need for regular maintenance attcntion. The device
should be essentially neutral, i.e. it should produce no bias
distortion, and no adjustment should bc needed to achieve
this; the output condition should be dependent upon the
input condition at all times. In order to be compatible with
modern equipment design, the device should be small and
suitable for incorporation with other components on printed-
wiring boards. It must be capable of switching - 80 volts,
the standard telegraph battery-supply voltage used by the
British Post Officc, and, with normal contact-protection
arrangements, withstand an indefinite full short-circuit to
earth on the output without suffering damage. Similarly, the
connexion of positive or ncgative 80 volts to the output
should have no adverse effect.

T Telegraph and Data Systems Branch, Telecommunications
Development Department, Telecommunications Headquarters,
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The above arc the general requirements of a telegraph relay,
but for some applications there arc further special require-
ments, e.g. input-to-output isolation. Isolation is generally
required in older-type valve-operated equipment, to avoid
the possibility, under fault conditions, of the h.t. voltage
being transmitted to linc. Also, sincc the relay is usually
driven from the anode of a valve, circuit design becomes
simpler if the input is isolated from earth. Isolation is also
required if the relay is to be used for loop working on a line
as opposed to single-wire earth return.

Where new cquipment is concerned the input drive to the
relay can be designed to incct its requirements. When re-
placing a polarized relay in an existing equipment, however,
it may be impossible to alter the drive circuit without a great
dcal of modification, and, for optimum performance, the
replacement device should be at least as sensitive as the
polarized rclay.

Currently, two types of device meet the foregoing require-
ments to some extent: the reed rclay with a mercury-wetted
contact-unit and the fully-electronic solid-state switch.

MERCURY-WETTED CONTACT-UNIT
REED RELAYS

The mercury-wetted contact-unit reed relay,! first perfected
in the United States of America, is now being produced in
quantity in this country. The heart of the relay is a scaled-glass
capsule containing the relay armature, which is also the
moving contact member, the fixed contact members and a
pool of mercury. The capsule is filled with hydrogen under
high pressure. The armaturc is a thin flat rced having vertical
grooves up which the mercury climbs by capillary action to
wet the contact area at thc top. As the tongue moves away
from one fixed contact area a thin filament of mercury is
drawn out and breaks only after the tongue has traversed
much of thc gap. This gives a very rapid break action and a
very short duration transit time. Since contact is made and
broken by mercury, which is constantly being rcplenished
from the pool, contact-area erosion is eliminated. Spark
quenching is important with mercury-wetted contact-units
since, if sparking does occur, the mercury is blown off the
contact arca and a deposit is formed on the metallic surface.
Once this deposit has formed, wetting of thc contact area
ceascs and contact-unit dcterioration ensues.

The mercury-wetted contact-unit relay has a long lifc
cxpectancy when operated at the maximum specified contact
rating. When lightly loaded, as in the majority of tclegraph

U PERRFAULT, G. E. New Mercury Relays for Sensitive Telephone
and Telegraph Applications. I.LE.E.E. International Convention
Record, Vol. 13, Part [, p. 89, 1965.




applications, the life expectancy is still further increased.
Further advantages are offcred by its inherent input-to-output
isolation, its small size and compatibility with printed-circuit
techniques, and its relatively low cost. Disadvantages of the
mercury-wetted contact-unit relay lie in its lack of sensitivity
compared with the conventional polarized rclay, the necessity
for contact protection in the form of scries current-limiting
resistors, and thc necessity for vertical, or near vertical,
operation.

The reduced sensitivity of the mcrcury-wetted contact-unit
relay becomes a problcm when such a device is required to
replace a conventional polarized relay in an existing equip-
ment in which the relay drive is fixed by other considerations.
A direct replacement in thcse circumstances may not be
possible, and an additional drive circuit of some kind is
required. An cxample of this is shown in Fig. 1. This circuit
was designed to replace the Post Office No. 299AN relay used
in a type of valve-operated m.c.v.f. telegraph equipment.
The No. 299AN rclay is very sensitive and use is made of this
fact in the m.c.v.f. equipmcnt to obtain the required per-
formance. Increasing the drive to the relay is impracticable,
as a major modification would be required to avoid upsetting
the action of thc automatic gain control of the cquipment.
A simple Schmitt trigger circuit is, therefore, used to drive
the mercury-wetted contact-unit rclay.

+130¥
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COMPOSITE |
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CHANNEL ‘[
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Note: The relay in this instance is a single-side-stable type, i.e. it is magnetically

biased to one side.

Fic. 1—Circuit diagram showing a Schmitt trigger circuit used
to drive a mercury-wetted contact-unit relay for a particular
application

Although mercury-wetted contact-units providc a true
change-over action in opecration, it is possible for bunching
to occur occasionally, particularly after the relay has been
transported or inverted. If current-limiting resistance is not
included in the telcgraph battery supplies to the rclay, the
contacts will be destroyed by the hcavy current which flows
if bunching occurs. For applications where the rclay has to
supply a load current which might intermittently be very
heavy, e.g. a signal-distribution relay in a telex exchange,
resistance cannot be uscd to limit the supply current, and,
if a mercury-wettcd contact-unit relay is used, there is always
a danger of the relay destroying itself should bunching
occur.

Small numbers of mercury-wetted contact-unit relays have
been giving satisfactory service for a considerable time in
broadcast units and as rcceive rclays in m.c.v.f. tclegraph
equipment, All ncw 62-type m.c.v.f. tclegraph cquipment at
present being brought into scrvice uses mercury-wetted
contact-unit relays.

FULLY-ELECTRONIC SOLID-STATE SWITCH

The average life expectancy of a mercury-wetted contact-
unit relay in any given telegraph application is as yet unknown,

but it is to be expected that failure will occur at some tinc.
A well-designed fully-electronic switch, however, may be
expected to give service for an indefinite period. Also, for
higher speeds of operation, e.g. for data transmission, an
clectronic switch is superior to a relay.

A number of dcsigns for an electronic switch operating
with +80 volts have been produced. Initially, bccause of the
Jack of availability in this country of a transistor capable of
withstanding thc high voltage involved, designs employed a
numbcr of transistors in series sharing the voltage, or a pair
of thyristors. The former approach led to complex designs
using a large number of components, particularly if isolation
was required, and, consequently, to high cost. Thyristors have
been successfully used, but there are disadvantages associated
with this device. It is relatively simple to turn the thyristor
“on’’ by applying a suitable pulse to thc gate, but, having
been turned on, the device cannot be controlled through thc
gate in the same way as a transistor can be controlled through
its base. Hence, it is difficult to make the output conditions
of the switch fully depcndent upon thc input condition. To
turn the thyristor ““off,” the current flowing through it must be
interrupted or, atleast, reduced to below the holding value. In
a device equivalent to a telegraph rclay this demands control
from two sources: one to turn the thyristor on, and one to turn
it of. If either control fails to be effective for any rcason, then
either both thyristors will be turned on, short-circuiting the
telegraph supplics and effectively carthing the output of the
device, or both thyristors will be turned off, leaving the device
in an unswitched state. A further disadvantage of using
thyristors is that the output current from thc switch must be
maintained above the holding value or the device will turn
off. Due to the necessary complexity of design and the cost of
the thyristors themselves, this type of electronic switch tends
to be expensive, although isolation can be achieved easily.

Suitable high-voltage transistors are now available, and a
number of successful designs using thesc have been produced.?
Since a transistor is fully controllable through its base con-
nexion, the output of the device can be made dependent at all
times upon thc input condition in such a way that when one
side is in the on state, i.e. bottomed, the other side, as a
consequence, is held off, and the possibility of both sides
becoming switched on together is eliminated.

In an electronic switch employing transistors as the switch-
ing elements, isolation of the input circuit, whilst rctaining
the facility of output control by the input condition at all
times, may be obtained by using the switchcd-oscillator
technique. This method consists of using the input signal to
control the output of one or more oscillators, via transformer
coupling. The oscillator output is then coupled to the output
switching stage to produce a control voltage for the switch
itself. The transformer coupling gives the required isola-
tion.

Several hundred electronic telegraph relays of various
types are now in service and giving a satisfactory performance.

FUTURE DEVELOPMENT

At the present time thc cost of an electronic switch for
operation with +80-volt telegraph-signalling supplies is
considerably higher than that of the mecrcury-wetted contact-
unit relay; consequently, the use of the electronic switch
tends to be restricted to applications requiring operation at
speeds much in excess of 50 bauds. The high cost of the
electronic switch is in part due to the cost of suitable semi-
conductor components, and also to the present tendency to
package the switch in plug-in boxes of similar size and shape
to existing polarized relays. This is because, in most instanccs,
they are intcnded as replacements for polarized rclays. If, as
might be expected, the cost of suitable semiconductor devices

2 SaLLis, R. T. G. A Device to Replace Conventional Polarized
Relays, P.O.E.E.J., Vol. 59, p. 181, Oct. 1966,

197



falls further, design and development in this field will be
encouraged, and in complex telegraph-transmission equip-
ment it is likely that the output relay as such will disappear
and be replaced by an electronic switch which will form just

a further stage in the overall circuit. This, in itself, will reduce
the cost of the output stage. Fig. 2 illustrates an example of an
integral output switch, using thyristors in this instance,
incorporated in a 62-type start-stop regenerative repeater.

F1G. 2—A 62-type equipment unit incorporating an elcctronic output switch for +80 volts

Book Review

“Digital Techniques.” R. W. Sudweeks, B.Sc., M.ILE.E.
Pitman and Sons Ltd. 140 pp. 141 ill. 30s.

The author states that the purpose of this book is to des-
cribe, in readable terms, some of the ideas involved in the
understanding of an electronic digital computer. In this it
is partially successful, but the book lacks coherence and it
is not at all clear for what audience it is intended. Some of
the material-—especially the last two chapters-—could be read
and understood by intelligent sixth-formers but the first
five chapters, where the meat of the work is to be found,
require considerable concentration and, indeed, a certain
background knowledge of the subject. For example, the
reader is assumed to be familiar with the terms commutative,
associative, and canonical (none of which are defined here)
and, in the same breath, he is expected to absorb the state-
ment that “If inverted inputs are required these are generally
obtained from the register outputs—the bistable having two
opposite outputs—without inserting inverters specially. . . .”

To be fair to the author, however, he succeeds, in the first
two-thirds of the book, in giving a succinct introduction to
the principles of logical design (which, of course, are not
restricted to the field of digital computation). As one would
expect in a work on this subject there is little redundancy
and, in fact, some of the concepts are introduced rather
too abruptly for smooth comprehension.

Boolean Algebra is covered quite early in the book and
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is used effectively throughout; the worked examples which
are included in most sub-chapters are well chosen to illustrate
the particular feature just introduced. Some time is spent
on the Venn diagram and the use of truth tables and a chapter
is set aside for a description of the Karnaugh map method
of simplification. NOR and NAND logic (which is probably
more common today than the original OR and AND system)
is given a chapter to itself culminating in the logical design
of a half-and a full-adder using each type.

At theend of chapter S there is an abrupt change of tempo—
and even of style. Chapter 6 uses the logical ideas described
earlier to build up the fundamentals of a digital computer.
The author makes it clear that he is not writing a ‘‘simple
guide to programming,” but this chapter does, in fact, intro-
duce most of the elementary ideas behind the art of machine-
code programming.

The final short chapter describes the various forms of
storage devices used in digital computers. This is rather
sketchily done and one wonders if it would have been better
omitted completely. It is the one part of the book which will
inevitably date quite rapidly and the author admits this in
his final sentence.

The overall impression left is not so much a readable
introduction as a collection of useful techniques and facts.
As such it would be greatly improved if it had an index.

C.A M.



The New International Telephone Switching and

Transmission Plan

S. MUNDAY and R. A. FRYT

U.D.C. (100) 621.395.45: 621.395.65

In order to lay the foundation of a world-wide telephone network that will eventually provide fully-automatic
international subscriber dialling between any two subscribers anywhere in the world, the International
Telegraph and Telephone Consultative Connmnittee, at its 3rd Plenary Assembly in 1964, reconnnended the
principles of new routing, numbering, switching and transmission plans for international public telephony.
The routing plan is briefly described, the switching and transmission aspects of the new reconinendations
are explained in more detail, and progress towards achieving the desired standards is discussed.

INTRODUCTION

Before 1960, few international telephone connexions involved
more than onc international circuit. Most routes were
manually operated, and the procedures involving a transit
operator were tedious, particularly if the routes were being
worked on a delay basis. For semi-automatic routes there
were technical reasons for recommending that not more than
two circuits be connected in tandem. In consequence, few
countries offered transit facilitics.

In 1960, the International Telegraph and Telephone Con-
sultative Committee (C.C.I.T.T.) established a special study
group to consider what steps were necessary to set up a
world-wide fully-automatic telephone network. @nc important
preliminary step was to dcvise a new intcrnational routing
plan (Fig. 1), and this was published in 1963. It is based on

~=~ CTX (NOTED)

cTI { cTl

NOTE 2 NOTE 2

Final route with low-loss probability

Notes:
1. Exceptionally, two CT) exchanges may be interconnectedl via an intermediate
CT1 or CT2 exchange.
2. To national nctworks.
3. All international circuits are 4-wire circuits; all CT1, CT2 and CT3 exchanges
are 4-wire switched.

FiG. 1—Current world routing and switching plan

t Line and Radio Branch, Tclecommunications Dcvelopment
Dcpartment, Telecommunications Headquarters.

the well-established hierarchical principle, which is a feature
of most national tclephone networks, and the salient points
of the plan are as follows.

(a) Three classes of 4-wire intcrnational exchange are
envisaged, referred to as CTIl, CT2 and CT3 exchanges
(CT—centre du transit). A CT3 exchange normally only
connects international circuits to national networks, while
CT1 and CT2 exchanges, in principle, connect only inter-
national circuits together. There is no essential difference
between a CTI and a CT2 exchange; the CT1 exchanges arc
intended to be fully interconnected, whercas the CT2
exchanges are not.

(b) Every CT3 exchange is connected to at least one CT2
exchange (it may, of course, be connected to more than
one). Similarly, every CT2 exchange is connected to at least
onc CTI1 cxchange. If the CTI1 exchanges arc fully inter-
connected, this arrangement would ensure that any CT3
cxchange would be connected to any other CT3 exchange
via no more than five circuits (CT3-CT2-CT1-CT1'-
CT2'-CT3).

However, it is recognized that, initially at least, the CT1
exchanges will not be fully interconnected, and the sub-
routings CT1-CTI1-CTl or CTI-CT2-CTl1 are permitted.
With this relaxation the maximum number of international
circuits that may figure in a connexion could thus be six.

(¢) The network of circuits and exchanges described in (b)
is the minimum network that must be provided if any pair
of CT3 exchanges in the world are to be connected together
using not more than five (or six) circuits. This is often referred
to as cither the basic network or the final network, and the
routes in this network are basic routes or final routes. For
a demand automatic telephone service the final routes between
exchanges must be fully-provided, i.e. large enough to carry
the traffic offered them with only a low probability of there
being no circuit available.

(d) Exchanges can be interconnected by routes supple-
mentary to the final routes. For example, a CT3 cxchange
may have direct circuits to another CT3 exchange without
havingto switch via a CT2 exchange. Similarly, CT2 exchanges
can be directly connected and CT1 exchanges can have direct
circuits to CT3 exchanges. These are examples of transversal
routes which can bypass part or all of the chain of final routes.
In general, the transversal routes will carry most of the
traffic, the CT3-CT3 routes carrying most of all.

It is proposed that London, New York, Moscow, Sydney,
Tokyo and Singapore will be CT1 exchanges. There will also
be a CTl exchange in the Indian subcontinent and also in
Africa, but these have not yct been designated.
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The rank of an international cxchange can vary from
connexion to connexion. For example, for a call between
subscribers in Paris and London, the Paris and London
cxchanges function as CT3 cxchanges. For a call from a
Paris subscriber to a New York one, established via London,
London is a CT2 exchange, Paris and New York being CT3
cxchanges. For a call routed Brussels—Paris—London -Ncw
York-Bogota-Lima (a somewhat unlikely routing, for-
tunately) London and New York are CTI exchanges, Paris
and Bogota arc CT2 cxchanges and Brussels and Lima CT3
exchanges. The corollary to this is that thc samc London-
Paris circuit could, and most likely would, have been used
for all these conncxions, so that the one circuit could be
CT3-CT3, CT3-CT2 or CT2-CTI, according to the class of
conncxion. 1t will be scen later that this circumstance has a
profound bcaring on the cfforts to improve the transmission
performance of the longer and morc complicated conncxions.

A REPRESENTATIVE MAXIMAL
INTERNATIONAL CONNEXION

It is envisaged that, for most countries, thc most remotcely-
placcd national local exchange could be connected to the
international cxchange by four national circuits or fewer,
although it is recognized that largc countries such as the
U.S.S.R. could rcquire five national circuits for this purpose.
Further, 4-wirc switching would be employcd at thc inter-
national exchange and at two of the national transit exchanges.
The third national transit exchange and thc local exchange
arc assumed to be equipped with 2-wirc switches.

These assumptions lcad to a represcntative maximally-
adversc international telephone connexion, illustrated in
Fig. 2. Thc complcte international telephone connexion is
shown divided into three portions: an international chain
interconnecting two national systems. There are assumed
to be 12 4-wirc circuits connected by 4-wirc switching
exchanges between the outgoing and incoming primary
centres. The local cxchange is assumed to be connccted to a
primary centrc (equivalent to a group switching centrc in
the United Kingdom) by a junction circuit which is 2-wire
switched at both cnds.

Some of thc transmission aspects of the complete con-
ncxion, or its various parts, are bricfly described and explained

4——— NATIONAL SYSTEM —Tﬁ

T3 cT2 CTI

LOCAL
SYSTEM

Subscribar’s instrument

I—International circuit
N—National trunk circuit

»  National junction circuit

s—Subscriber’s line

COMPLETE INTERNATIONAL TELEPHONE CONNEXION »

INTERNATIONAL CHAIN—!IQiﬂ NATIONAL SYSTEM —|
o

cT3’

CTI

4 4- WIRE CHAIN

Intcrnatienal exchange with 4-wire switching

in the following sections, and thc current C.C.I.T.T. recom-
mendations arc quotcd where possible.

VIRTUAL SWITCHING POINTS: THE
INTERFACE BETWEEN CIRCUITS IN AN
INTERNATIONAL EXCHANGE

Circuits can be connccted together in a 4-wire telephone
exchange at almost any relative transmission level according
to national practiccs. For cxample, in a United Kingdom
national transit centre' the switching level will be nominally
—4 dBr, but at the new British Post Office international
exchange (planncd to open in late 1969), the switching level
will be —2 dBr. Other administrations adopt other levels.
The C.CILT.T. rccommendations are devised in terms of a
switching level of —3-5 dBr but, in recognition of the fact
that any level can be chosen, —3-5 dBr is taken to be the
send level at what are termed virtual switching points. The
virtual switching points are thus points existing for the
purpose of definition, enabling the C.C.I.T.T. recommenda-
tions to be uncommitted to any particular switching arrangc-
ment and hencc applicable to all arrangements.

For most rccommcndations, cxccpt thosc concerning
reference equivalent (a term that is explained later), only the
difference between the relative levels at the virtual switching
point is involved. Hence, in practice, the distinction bctween
actual and virtual switching points is unimportant.

Fig. 3(a) shows the actual arrangement in a telephone
cxchange with a send switching level of —2 dBr. The pads
shown are cquivalent to thc losscs in the switching and
transmission cquipment (as indicated in Fig. 4). The send
level of —16 dBr and thc receive level of |-7 dBr are examples
only; any suitable levels could apply. Fig. 3(b) illustratcs
how thec —3-5 dBr virtual switching points can bec identified
in such an exchange. The undcrlined values of relative level
at any point refer to the circuit to the right of that point;
thosc not undcrlined refer to the circuit to the lcft. The zero
relative-level points for cach circuit arc independent, and a
switched connexion has no defined point of zcro relative level.

In a real switching centre, virtual switching points need not

1 TemiN, W. J. E. The Signalling and Switching Aspccts of the
Trunk Transit Network. P.O.E.E.J., Vol. 60, p. 63, Oct. 1967.

ot CT2

LOCAL|
SYSTEM
-

National local cxchangsz with 2-wire switching

Nationa! primary exchzange with 2-wire (or 4-wire) switch’ng and terminating unit

National secondary or tertiary exchange with 4-wirc switching

¢—A third CT1 exchange may be enceuntered, as shown

F1G. 2—A maximally adversc international connexion
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b, 3—Virtual and actual switching points

exist, but, by introducing suitably-valucd hypothctical pads
and amplifiers (shown dotted in Fig. 3(h)), the total eflect of
which is nil, the location of the virtual switching points can
be found, and they are eflectively connected together without
the interposition of any additional net gain or loss, ie. thc
1-5dB pad cancels out thc 1-5dB amplifier, thc actual
switching points being assumed to introduce ncgligible loss.
Incidentally, the additional pads and amplificrs in ¥ig. 3(b)
illustrate the process, common in the transmission field, of
referring a quantity from one point to another.

NOMINAL TRANSMISSION LOSS OF
INTERNATIONAL CIRCUITS

The nominal transmission loss, at the refercnce frequency
(800 1iz), assigned to an international circuit for stability
reasons, is normally 0-5 dB, so that the relativc receive level
at the virtual switching points is —4 dBr, and the relative
rcceive level at the actual switching points in the cxample
shown in Fig, 3 is - 2-5dBr. If an administration uscs an
actual switching level of x dBr, i.e. the relative level at the
switch of cverysend channel is x dBr, a circuit can be assigned
a nominal loss of 0-5dB by arranging that thc rcceive
channel of the circuit is presented to thc switch at a relative
level of x —0-5dBr. It is not at all nccessary for each

administration to usc the samc actual switching level, and
arises from the difference imposed at a

———— CIACUIT )—-—I

thc 0-5dB loss

particular international centrc and not, as might at first be
supposed, from the differences between the switching levels
at the two switching centres joined by the circuit.

Since cach international circuit is operated at 0-5dB
transmission loss, thc nominal transmission loss of a con-
nexion is a function of thc number of international circuits
in that connexion—the more circuits thc more loss. This is
to help cnsure the stability of the connexion. If the circuits
were perfectly stable and had no attenuation/frequency dis-
tortion introducing relative gains at frcquencies other than
the refcrence frequency, they could each be operated at a
nominal transmission loss of 0 dB, although more conncxions
might nced an echo suppressor if this were done.

As described in the scction on echo, circuits can sometimes
be operated at somewhat higher losscs if thereby the use of
echo suppressors can be avoided.

The objectives for the mean valuc of transmission loss for
an international circuit are that it should be within 0-5dB
of the nominal value and the standard dcviation should not
exceed | dB. In order to achieve this high standard, circuits
will nced to be routed on direct groups equipped with auto-
matic regulation. The wholc of the outgoing and incoming
exchange and signalling apparatus proper to the circuit
(Fig. 4) must be included in lining-up and subsequent main-
tenance operations, and incrcasing use will have to be madc of
automatic circuit routiners in the international network.

‘-7 CIRCUT —m—

l—Channel-translating cquipment

2—Echo suppressors
3—Line-signal receiver
4—Equalizcr

S.—Qutgoing and incoming signalling terminations
6—LExchange pads (can be switchablc)
7—Automatic switching equipment

8—Compandor

Some elcments can be in a different order; e.g. the echo suppressor may be
on the exchange side of the signalling receiver. An individual circuit extends
from point A of one exchange to point B of the next,

Fic. 4—An international circuit includes all the permanently-
connected equiptnent proper to the circuit
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STABILITY

The stability of telephone connexions established over one
or more low-loss 4-wire amplified circuits depends very
largely on the degree of impedance match at the 4-wire,2-wirc
terminating units.

In the C.C.L.T.T. switching plan the terminating units are
located in the national networks, hence the recommendations
concerning stability are made in terms of the transmission
loss introduced by the national chain between the receive
and send virtual switching points. The proposed rccom-
mendation is that the attenuation of the path a-t-b (Fig. 5)

NATIONAL SYSTEM iINTERNkTIONAL CIRCUIT

VIRTUAL
SWITCHING
POINTS

v Subscriber’s instrument

—e— National local exchange with 2-wire switching

FiG. 5—The path a-t-b through the national systein from the
receive to the send virtual switching point

should be not Jess than 6 <+ n dB, where » is the number of
4-wire circuits in the national chain. This requirement should
be observed at any frequency in the band 0-4 kHz. Adminis-
trations are also recommended to aiin for a mean value for
the attenuation of the path a-t-b of at least 10 + » dB,
account being taken of the actual distribution of calls.

The balance return-loss exhibited at a terminating unit is
that portion of the total transmission loss, introduced by the
terminating unit between the receive and send channels,
which is attributable to the degree of match between the
impedance of the 2-wire line and the balance impedancc.
Hence, the loss of the path a—t-b is equal to the sum of the
losses of the paths a-t and t-b plus the balance return-loss.

For connexions set up over 4-wire national circuits from
the new United Kingdom international exchange, the nominal
loss of each of the paths a—t and t-b is planned to be 3-5 dB.
For the most complex national extension established over the
transit network (n = 3), a minimum balance return-loss of
2 dB over the band 300-3,400 Hz must therefore be achieved,
to meet the miniitnum requirement of 6 + » dB for the path
a-t-b,

The risk of instability of international connexions during
conversation has been estimated, and the results are displayed
in Fig. 6. The proportion of connexions actually established
that are likely to oscillate will, of course, be much lower,
because they will, in general, be very much less complicated
than the most adverse.

The calculations allowed for the effect of the variation of
transmission loss with time and among circuits, the nominal
transmission loss at the reference frequency of circuits, the
attenuation/frequency distortion of circuits, and the distri-
bution of stability loss of the path a—t-b.

REFERENCE EQUIVALENTS: A MEASURE OF
THE LOUDNESS OF TELEPHONE SPEECH

The electro-acoustic properties of subscribers’ instruments
and local lines (including the transmission bridge in the local
telephone exchange) are described in terms of reference
equivalent. The reference equivalent of an assembly of a
telephone instrument and a local line is a quantity obtained
by balancing the loudness of received speech signals, and is
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F1G. 6-—Estinate of the proportion of possible connexions likely
to be unstable

expressed in decibels relative to an internationally-agreed
reference system. Separate figures relate to the sending and
receiving directions of transmission. The higher the reference
equivalent the less loud is the telephone speech.

It is more convenient, however, to plan in terms of trans-
mission losses of circuits and exchanges. As far as the United
Kingdom is concerned this is both possible and desirable,
because in the British Post Office network the local, junction
and trunk networks are planned separately, and the reference
equivalents of the combination of subscriber’s instrumecnt,
limiting line and local exchange arc known. For planning
purposes they are taken to be 12 dB (r.c.) sending and 1 dB
(r.e.) receiving, respectively, the abbreviation (r.e.) signifying
reference equivalent. The reference equivalents of the
remaining items in the connexion are assumed to be numeri-
cally equal to their transmission losses and arc simply added
together, which is good enough for practical purposes unless
there is very severe attenuation/frequency distortion.

Maximum Reference Equivalents of a National System

The C.C.LLT.T. transmission plan requires that, for 97 per
cent of connexions actually established, the sending and
receiving reference equivalents of the national systems should
not exceed 20-8 dB (r.e.) sending and 122 dB (r.e.) receiving,
referred, respectively, to the virtual switching points at
relative levels —3-5dBr and —4 dBr on the international
circuit in the CT3 exchange.

As the limit is in terms of 97 per cent of connexions actually
established, it implies having to take account of the pattern
of traffic incidence. This is difficult to do, and it is preferred
to plan for 100 per cent of possible connexions. For the new
international exchange to be installed at Wood Street,
London, the C.C.I.T.T. limits are being taken as 100 per cent
targets. This objective will not be achieved initially,

Minimum Reference Equivalents of a National System

In order to reduce the risk of seriously exceeding the
conventional load per channel on international transmission
systems, it is recommended that the sending reference equi-
valent of the national system should not be allowed to be
too low. A currently suggested limit (not yet recommended)
is not less than 6'5 dB (r.e.), referred to the - -3-5 dBr virtual
switching point on the send channel of an international circuit
at the CT3 exchange.



No rccommendation is made or contemplated concerning
minimum recciving reference equivalents of national systems,
although noise and crosstalk lcvels become important when
receiving refcrence equivalents are very low.

Maximum Overall Reference Equivalent of the
Complete Connexion

The overall reference equivalent between subscribers can
be estimated (it is not explicitly recommended) by adding to
the sending and recciving reference equivalents of the two
national systems the transmission loss of the chain of inter-
national circuits, each of which, as alrcady mentioned, is
recommended to be operated at a nominal transmission loss
of 0-5dB.

Combining the recommended maxima, for 97 per cent of
actual calls, for the national systems and the nominal trans-
mission loss of the six international circuits, 3 dB total, gives
a nominal ovcrall reference equivalent of 36 dB (r.e.). This
is a somewhat high overall reference equivalent for a modern
telephone network—the preferred one is of the order of
12dB (r.c.); i.e. only a few subscribers would think 6 dB (r.e.)
too loud or 18 dB (r.e.) too faint. However, connexions as
complicated as the maximally adverse one of Fig. 2 will only
rarely be established, and, in any event, the transmission
quality will be very much better than that afforded by the
traditional type of h.f. radio circuit which has to be uscd at
the momcnt for such connexions,

Difference Between Send and Receive Reference
Equivalents

The differcnce between the recominended maxima for the
send and receive equivalents of the national sending systems
is 8-6 dB. However, there is no specific rccommendation that
this or any other difference should be respected on every
connexion, although, if all administrations adopt the samc
difference, the nominal overall reference equivalents of inter-
national connexions will be the same in both dircctions.
This is not too important, however, and tcsts have shown
that, in fact, considcrable asymmetry of overall reference
cquivalents of thc connexion can be tolerated.

TRANSMISSION LOSS OF COMPLETE
CONNEXIONS

The transmission plan recognizes that administrations are
free to allocate the transmission losses in national systems
as they wish, and, accordingly, the only constraints imposed
by the recommendations are those detailed in the two previous
sections relating to stability and reference equivalents. This
circumstancc gives rise to the possibility of intcrnational
connexions having asymmnietric loss.

As an example of how this can arise, consider two adminis-
trations, one of which can guarantee a balance return-loss of
3 dB and the other a balance return-loss of 6 dB. These two
countrics may choose to arrange the losses in their national
networks as indicated in Fig. 7. The diagram is drawn in
terms of virtual switching points and practical 3-5 dB Joss
terminating units. The 10 dB minimum value of loss from the
reccive virtual switching point to the send virtual switching
point is the mean recommended for the path a-t-b (sec
Fig. 5).

The country with 6 dB balance return-loss is not obliged
to put all the extra gain available in the rcceive path as shown
in Fig. 7(h); othcer arrangements are possible, of course.
Howecver, the system shown does comply with the plan, and
could, if desired, be adopted. This arrangement will in fact
be used for some connexions to the United Kingdom in the
new British Post Office international exchange.

It is evident that a connexion between the two countries
shown in Fig. 7(a) and (b) would have asymmetric nominal
losses betwecn national 2-wire points (Fig. 8). It is also
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Fic. 7—Examples of international connexions having asymmetric
Joss

apparent why no limit of transmission loss can be recom-
mended for such connexions.

ATTENUATION/FREQUENCY DISTORTION

The combined attenuation/frequency distortion of all the
items of line and exchange equipment participating in an
international tclephone conncxion between two subscribers’
instruments is likely to bc severe. An international call is
established with lines and apparatus of varying age and design,

4548 -|
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Fi16. 8—Connexion between the two countries shown in
Fig. 7(a) and (b)

and even thc simplest international connexion comprises
two subscribers’ lines, two local exchanges, two terminating
units, two international cxchanges, and one 4-wire inter-
national circuit. For the more complicated connexion, there
could be added to the above anything up to six national
trunk circuits and exchanges, up to five international circuits
and exchanges and one or two national junction circuits.

The difficulties of ensuring a good performance on such a
complicated conncxion are very great, since most of the
lines and apparatus are designed to national standards to
meet national needs.

Fig. 9 shows the recommendcd objectives for the attcnua-
tion/frcquency distortion, relative to 800 Hz, for thc 4-wire
chain between 4-wirc points in the primary centres. No
allowance is madc for the intermediate 11 telephonc cxchanges
or for the two primary centres. Furthermore, the objectives
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FiG. 9—@bjective limits for the attenuation/frequency distortion
characteristic of the 4-wire chain of 12 circuits betwcen 4-wire
points in the national primary centres

cannot bc met if the channel-translating equipmcnt used
throughout only just complics with thc current C.C.I.T.T.
recommendations.

No explicit attenuation/frcqucncy distortion limits are
recommended for an international circuit as defined in Fig. 4,
or for a national trunk circuit, The relevant recommendation
states only that the characteristics of circuits should be such
that thc objective for the 4-wirc chain is mct. Neither arc
any limits rccommcndced for telephone exchanges, adminis-
trations merely being urged to kcep the distortions small.

The current recommendations concerning attenuatiou/{re-
quency distortion are unsatisfactory, which is indicative of
the difficulties of the problem, but it is hoped to produce
realistic and useful rccommcndations concerning circuits and
tclephone cxchanges in the future, and somc progress has
already been made.

PROPAGATION TIME
Limits for Connexions

It is necessary to limit the mean onc-way propagation time
introduced bctween two subscribers. An excessive propaga-
tion timc introduces an unnaturally long intcrval between
demand and response during conversation; such a dclay tends
to destroy rhythm. It is possible to Icarn to cope with a long
delay between oneself and one’s correspondent, but thc
phenomenon when cncountered uncxpectedly can be raiher
disconcerting, and there is a limit to what can be oflered to
the ordinary uscr.

The disturbing effect of very long dclays is greatly aggra-
vated when there arc ccho sources present on the connexion,
and conversation becomcs impossible if there are no echo
suppressors. Echo suppressors are usually needed in practical
switched telephone networks when the onc-way propagation
time is about 10-15 ms or more.

The C.CIT.T. has provisionally recommended the
following limits for mean one-way propagation time for
connexions with sources of echo and equipped with echo
SUppressors.

(@) 0-150 ms: acceptable without reservation.

(b) 150-400 ms: provisionally acceptable. In this range
connexions may be permitted, in particular, when com-
pensating advantages are obtained.

(¢) Above 400 ms: provisionally unacceptable. Connexions
with these delays should not be used except in the most
exceptional circumstances.

National Networks

No limits are given for individual circuits,and the C.C.I.T.T.
contents itself with recommending that high-velocity propa-
gation transmission systems should be uscd for national
circuits. When this is done, thc one-way propagation time
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betwcen the international centre, CT3, and the most remote
subscriber is unlikely to greatly exceed 12 -1 [0-0064 X
(distancc in statute miles)] milliseconds.

The factor 0-0064 in thc formula assumes that high-
velocity plant (155 statute miles/ms), is uscd for the national
trunk circuits, and the 12 ms is an allowance for terminal
translating equipment and a certain amount of loaded cable,
e.g. three pairs of channel-translating equipment, about 2 ms
per pair, and 100 statute miles of trunk-cablc pair loaded at
88 mH every 2,000 yd (about 16 miles/ms).

International Network

Again no propagation-time limits are given for circuits, it
being recommended that high-velocity plant should be used.
Appropriate values for the purposes of planning and cal-
culation arc as follows.

Terrestrial, including submarine, systems: a velocity of
propagation of 100 statute miles/ms may be assumed, which
includes an allowance for multiplcxing cquipmcnt.

Satellitc systems: for a high-altitude satcllite (22,500 miles
altitude) a mean one-way propagation time of 260 ms
between earth stations may be assumed. This does not include
any allowance for the distance from the earth station to the
point where the derived circuit can be switched to other
circuits. Thesc timcs arc usually small cnough to be ignored
for planning purposes.

The propagation time of one high-altitude satellite is by
itself over half the upper limit of the provisionally acceptable
range for connexions. Connexions involving two high-
altitudc satellites must therefore be avoided except in excep-
tional circumstances. Furthermore, there will nced to be some
restriction on the total length of terrestrial circuits which can
be accepted for connexions involving onc high-altitude
satellitc.

As a result of the above limitations, difficulties may arise
in integrating high-altitude satellites into the world routing
plan. Tt will, therefore, be necessary to attempt to restrict the
use of satellites to direct or transverse routes, where an
extension over short terrestrial circuits can be guarantced,
until some method of marking calls in the course of
establishment is available.

ECHO AND ECHO SUPPRESSORS

The same features of a telephone conncxion that give rise
to instability also opcrate to causc echo effects, and now
propagation time is also an important factor. There is no
recommended limit for echo balance return-loss. I'or the
purposc of planning or calculation, the transmission loss of
the path a-t-b for echo is provisionally assumcd to havc a
mean valuc of 15 + » dB, with a standard deviation from the
mean of 4/(15-25 - 41) dB, where u is the number of 4-wire
circuits in the national chain. The echo balance return-loss
is a weighted mean-power ratio over the range 500-2,500 Hz,
whereas the stability balance rcturn-loss is the least value in
the range 300-3,400 Hz.

The main circuits of modern telephone networks are high-
velocity carricr circuits on unloaded symmetric pairs or
coaxial-cable pairs or on radio-rclay systems, so that echo
suppressors are not normally used except on conncxions
involving very long circuits. There is oftcn no gencral need
for echo suppressors in national networks, but they may be
rcquircd for the inland service in large countries, e.g. North
America.

Echoes may be controlled in one of two ways: cithcr the
overall loss of the 4-wire chain of circuits may be adjusted
so that echo currents are sufficiently attenuated (which tacitly
assumes a particular value for the ccho balance rcturn-loss)
or echo suppressors can be fitted.

From Fig. 10 it is possible to deduce the minimum nominal
value of the overall loss of a connexion, measured or cal-
culated between the 2-wirc points, that must be introduced



if no ccho suppressor is to be fitted. The transmission loss is
shown as a function of the mean one-way propagation time.
The distance scale assumes a velocity of propagation of 100
statute miles/ms; if low-velocity plant is used in any part of
the conncxion the propagation-time scale of Fig. 10 should be
used.

As a planning objective, the probability that an inter-
national connexion between any two subscribers will cxhibit
an objectionable echo, should not be greater than 1 per cent.
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For international circuits reserved for traffic bectween
terminal countries, i.e. CT3-CT3’ circuits, the C.C.I.T.T.
recommends only a maximum nominal overall transmission
loss. The minimum loss necessary to ensure freedom from
intolerablc ccho can be found from the curves shown in
Fig. 10. Should this loss be greater than the rccommended
maximum, an echo suppressor should be fitted.

When an international circuit is used only for compara-
tively short and simple international connexions, the nominal
transmission loss between virtual switching points may be
assigned according to the following rule, if the use of echo
suppressors can thereby be avoidced.

(a@) For circuits up to 300 miles, the nominal transmission
loss is 0-5 dB.

(b) For every additional 300 miles, or part thereof, 0-5 dB
may be added, although such a circuit must not form part of
multi-circuit conncxions unless the nominal transmission loss
is restored to 05 dB.

NOISE OBJECTIVES FOR CONNEXIONS

The objective for the hourly mean psophometric power of
the total noise generated by a chain of six international
circuits is that it should not exceed 50,000 pW referred to a
point of zero relative level on the first circuit in the chain,
level —43 dBmO. This objective takes into account the noise
allowed for in national systems.

It has been calculated that, with such a noise limit, the
percentage of conncxions cstablished over such a complex
routing likely to be deemed poor or bad is about 10 per cent
or lcss, depending on the assumptions made concerning the
standard deviation of circuit losscs. Naturally, lower levels of
total noise are to be cxpected on the less complex connexions,
and the percentage of dissatisfaction will be much smalicr.

The objective given for connexions is based on the assump-
tion that the following recommendations relating to circuits
and international exchanges are complicd with.

(a) Short-distance circuits, e.g. junction circuits: a maxi-
mum of 2,000 pWOp.

(b) Long-distance cablc or radio-relay systems not ex-
ceeding 2,500 km: a maximum of 2,500 pWOp for multiplex
cquipment plus 3 pWOp/km.

(¢) Long-distance cable or radio-relay systcms cxcecding
2,500 km: a maximum of 3 pWOp/km, including multiplex
equipment,

(d) Long-distance submarine-cablc systems: a maximum
of 3 pWOp/km on the worst channel; the mean of atl channcls
should not exceed 1 pWOp/km.

(e) Satellite systems: maximum of 10,000 pWOp.

(f) International tclcphoneexchanges: a mean of 100 pWOp
and a maximum of 200 pWOp.

These limits refer to the hourly-mean psophometric-noise
power at a point of zcro relative level (pWOp). The limits
for circuits apply only to hypothetical reference circuits—an
invention to aid system designers—and do not purport to be
the limits respected by real circuits. In gencral, real circuits
arc often less complex than the hypothetical reference circuits,
and, when this is so, onc can rcasonably expect the noise-
power levels to be Iess than the values cited.

INTELLIGIBLE CROSSTALK
Limits for Circuits

Two classes of crosstalk are important: crosstalk between
different circuits and crosstalk between the go and rcturn
channels of the same circuit.

Bcetween any two complete circuits the near-cnd or far-end
intelligible-crosstalk ratio measured at audio frequency at
trunk exchanges should be not less than 58 dB. Considering
the go-to-return crosstalk ratio, there is one aspcct which is
becoming increasingly important. Modcern half echo-sup-
pressors suitable for connexions with long propagation times,
e.g. connexions involving a high-altitude satellite circuit, are
designed to introduce, typically, at Icast 50 dB of suppression
loss. A first conclusion is that the portion of the connexion
lying between the echo suppressors must not introduce
go-to-return crosstalk ratios lower than this figure, otherwise
the action of the echo suppressors is nullified.

The principal path between the otherwise unconnccted go
and return channels of a circuit on a modern carrier system
is nearly always via the channel-translating equipment, the
contributions due to other stages of modulation and due to
modern transmission systems usually being an order or so
less significant.

The location of the principal go-to-return crosstalk path
relative to that of the echo suppressor is also important. On
circuits routed on direct groups, the dominant path is from
the h.f. input to the h.f. output of the terminal channel-
translating equipment. However, if the circuit compriscs
two or more circuit-sections, being reduced to audio fre-
quencies at one or more intermediate points, e.g. at the Earth
stations, the go-to-return crosstalk ratio between audio-
frequency points on the channel-translating equipment also
contributes to the echocs, tending to nullify the action of
echo suppressors.

For circuits equipped with modern far-end operated half
ccho-suppressors, the near-end go-to-return crosstalk ratio
should not be less than 55 dB and should preferably be
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somewhat higher, say 60 dB. For ordinary telephonc circuits
the recommended limit is that it should not be less than 43 dB;
for circuits used with speech concentrations such as time
assignment speech interpolation (T.A.S.1.),2 a go-to-return
crosstalk ratio at least 58 dB is recommended.

Limits for International Telephone Exchanges

A limit of 70 dB is recommended for the intelligible-cross-
talk ratio between different circuits in an international
exchange. The limit for go-to-return crosstalk ratio is 50 dB,
and this is too low where satellite circuits and modern echo
suppressors are concerned. This limit is being reviewed and
may be amended, for cxample, to 60 dB.

GROUP-DELAY,FREQUENCY DISTORTION

The permissiblc differences for a world-wide chain of
12 circuits (each routed on a through group) bctwcen the
minimum group delay in thc cffectively transmitted band,
300-3,400 Hz and the group delay at the upper and lower
limits of this band arc as given in the table.

Differences between Minimum Group Delay and Group
Delay at Upper and Lower Limits of Frequency Band

Lower Limit Upper Limit
Circuits of Frequency Band | of Frequency Band
(ms) (ms)
International chain 30 15
Each of the national 4- 15 7-5
wire extensions

This aspect of the connexion is of importance when con-

2 CuncH, C. E. E. Time Assignment Speech Interpolation
(T.AS.1). P.O.E.EJ., Vol. 53, p. 197, @ct. 1960.

sidering the transmission of data signals over the switched
telephonc nctwork, e.g. as in the Datel service.

The group-delay/frequency distortion introduced by tele-
phone exchanges is usually small compared with that intro-
duced by the circuits. There is no currently recommended
limit, but a proposal being studied is a limit of 100 us over
the range 500-3,000 Hz.

CONCLUSION

The C.C.I.T.T. has published a scrics of rccommcndations
in the Blue Book, Volumes III, 1V and VI, which lay the
foundation of a world-wide modern telephone network
capablc of providing fully-automatic international subscriber
dialling. Some aspects of transmission pcrformance, e.g.
attenuatien/frequency distortion and go-to-return crosstalk,
need and are receiving further study.

Looking towards the future, modern separate-channel
signalling systems, now actively being studied by the
C.C.I.T.T., may makec it possible for the transmission per-
formance of connexions to bec tested and faulty circuits or
exchange paths identified, a suitable indication being given
to the maintcnance cngincers.

The future of international telephony is full of challenge,
and much will depend on good transmnission performance.
Much has been done alrcady. There remains yet more to do.
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Book Review

“Fundamental Electronics.” A. S. P. Ledger, B.Sc., A.Inst.P.,
C.Eng., M.ILEE., AM.LLR.E., and N. H. Roche, B.Sc.,
C.Eng., F.ILE.E. Blackie and Sons, Ltd. ix + 594 pp.
273 ill. 75s. (cloth), 40s. (limp).

This book is designed to meet the requircments of students
on a wide range of courses leading to B.Sc. degree, H.N.C.
and H.N.D. courses in electrical and electronic engineering
and the examinations leading to membership of the profes-
sional institutes, It is also suitable for students following the
various telecommunication courses in the City and Guilds
supplementary serics.

A lot of attention is given to physical fundamentals which
is aimed essentially at the electronic engineering requirements
of students preparing for the graduate examinations of the
Institute of Physics and Physical Society. This tends to limit
the usefulness of the book to students following general
telecommunications subjects.

The work is divided into two parts: basic concepts, and
techniques.

Part 1 is covered by three chapters hcaded Physical Funda-
mentals, Circuit Theory and A. C. Theory. It is the author’s
intention that this portion of the book should cover all
the basic theories of physics and electrical circuits which are
necessary to enable the reader to fully understand the prin-
ciples of application covered in part 2.

The material is well presented and, providing the rcader
uses careful discrimination in selecting the nccessary matcrial
for his particular course, this part will prove ideal for reference
purposes. The chapter on a.c. theory is written so that it will
be extremely useful to telecommunications students in
providing a sound basis for the further study of line-trans-
mission and filter theory.

Part 2 is covered by chapters headed Diodes and Amplifying
Devices, Power Supplies, The Cathode-Ray Oscilloscope,
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Negative Feedback, Ainplification, Oscillators, Modulation
and Dctection, Switches and Triggers, and Light Sensitive
Devices.

The subjects are generally given full coverage except in a
few areas, particularly regarding some of the semiconductors
such as the f.e.t. and m.o.s.t. devices. These, and the applica-
tion of transistors to many of the techniques covered, are
rather sketchy considering the level of student for which the
book is designed.

The chapter hcaded switches and triggers gives a very
readable description of the operation of toggle circuits and
multivibrators with emphasis on hot-valve circuits and their
comparison with transistor circuit operation.

Sections of the text which need to be read only by the
more advanced students is presented in a smaller type.
Unfortunatcly, the dividing line is not consistent throughout,
particularly in the application sections where it is often used
wrongly to discriminate between hot-valve and transistor
applications. The five appendices, Relevant British Standards,
Prefixcs, Preferred Valves and Colour Codes, Fundamental
Physical Data and Dcfinitions, Useful Mathematical Formulae
and Miscellaneous Characteristics, are all presented in small
print, but much of the information is essential to students at
all levels.

Altogether the book should prove useful to advanced
students, but many other references will be necded to cover
many of thc transistor techniques and applications. A lot
of efforthas obviously been made to attempt to cover a large
number of course syllabuses, and students should find the
numerous examplcs at the end of cach chapter particularly
useful, Care should be exercised to spot the numerous errors
due to poor editing and which are unexpected in a book of
this nature,

B. A E.



Press Notices

Optical-Cable Research by the Post Office

Scientists at the Post Office Research Station, Dollis Hill,
are working on the development of a glass-fibre cable com-
munication system which could eventually supersede existing
coaxial cable and microwave links bctween cities.

The new type of cable would consist of a few hundred
glass fibres in place of the copper wires in conventional
telephone cablcs. One fibre is capable of conveying thousands
of times as much information as a pair of telephone wircs
and several times as much as thc larger coaxial mctal con-
ductors in present day tclevision and multi-channel telephony
cables or their equivalent microwave link systems. One fibre
in the futurc glass cable would be only about 0-1mm in
outside diametcr while the vital central core of the fibre
would be only a few micrometres in diameter. Each fibre
would carry the communication signals in the form of pulse-
code modulation of an optical carrier wave. The optical
wavelength which at present seems most likely to be used is
that generated by a gallium-arscnide laser, i.e. in the near
infra-red region of about 0+9 micrometre.

The Post Office is obtaining the assistance of industry by
means of Rescarch and Development contracts and one of
these has already produced the ultra-pure raw natcrials
required to makc glasses of the very high optical transmission
quality required (some 50 times better than the best glasses
hitherto obtainable). Although glass fibres of a somewhat
different geometry have been manufactured in the U.K. for
some time, for applications such as punched card and paper-
tape readers for computers, the dimensional perfection and
quality control required for the new long-distance communica-
tion fibres are of a much higher order, and new techniques
arc being developed to meet thcse requircments.

The Post Office is placing other research and developinent
contracts with London University for mathematical studies
of wave-launching and propagation in the fibres, and is
also collaborating with thc Ministry of Technology and with
Sheffield University in related glass materials studies.

The rcpeaters, which will be required at intervals of about
a kilometre along each fibre, will make use entirely of reliable
low-power solid-state devices, comprising mainly silicon
avalanche photo-diode optical signal receivers, high-speed
silicon integrated circuit electrical signal regenerative ampli-
fiers, and low-power gallium-arsenide laser optical signal
senders.

Furopean Data Commanication

Problems raised by the rapid spread of computers linked
to telecommunication networks for on-line working were
among important questions discussed by thc sub-working
group of the Conference of European Tclecommunication
Administrations (C.E.P.T.) which ended a onc-week con-
ference in London on 19 July.

The meeting, attended by representatives from 10 European
telecommunications administrations, and chaired by Mr.
J. Rhodes, Staff Engineer in chargc of the Post Office Tele-
graph and Data Systcms Dcvelopment Branch, was called to
consider the characteristics required for networks for data
communications. There was a valuablc exchange of views on
solutions to the problems now being posed by the rapid
spread in the use of computers linked to telecommunications
network for on-line working.

Of particular interest and importance was the multi-access
computer (especially in the form of computer burcaux)
linked to remote keyboard instruments such as teleprinters.
A developing need was expected to be that for high-speed
data transmission, for exatnple, at thcrate of 48 kbit/s recently
recommended by the Study Group Special ‘A’ of the
C.CIT.T.

Charactcristics which a future nctwork should have in
order to be able to cater for a wide range of facilities and
types of user were discussed. These characteristics will be
kept under review as infortnation on economic factors and
data traffic characteristics becomes availablc.

The meeting of the sub-working group arose from the
study of a possible need for a special data network com-
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missioned by the Plenary Assembly of C,E.P.T. at Rome in
April 1967 in the light of the world-wide study being under-
taken by the C.C.I.T.T. The outcoine of the prescnt meeting
will be reported to its parent body, the Telephone/Telegraph
Working Group and will eventually come before the Tele-
cominunications Committee of C.E.P.T.

Telecommmunications Vehicles to change from Dark Green to
Yellow for Road Safety

As an aid to road safety, the dark green colour of the Post
Office’s tclecommunications vehicles is to be changed to
golden yellow.

The Postmaster General, the Rt. Hon. John Stone-
house, M.P., gave this inforination in a written answer in
Parliament on 10 July.

Existing vehicles will be painted yellow only when they
fall due for repainting in the norinal course.

Mr. Stonehouse said that he had no intension of changing
the colour of telephone kiosks.

The change of colour relates only to the 40,000 telccommun-
ications vchicles. Mail vans and other postal vehicles will
remain red.

The cost of thc change will be very small in relation to the
normal rcpainting cost. Some vehicles will necd an additional
coat to cover the present green. Over a five-year repainting
cycle the cost is at present about £500,000. The additional
cost of the yellow paint will be £30,000. There will be no
additional cost for ncw vchicles.

The change from dark green, with its poor rcflecting power
and camouflaging effect in ccrtain backgrounds and lights,
is the most important Post Office safety decision of recent
years.

Intcrnationally yellow is cficially recognized as a safcty
colour. The International Organisation for Standardization
interprcts yellow as giving a warning of danger, or a colour
which serves to focus public attention.

The telecommunications transport fleet covers an annual
mileage of 280 million. Each ycar there are more than 10,000
accidents involving almost 2,000 parked or stationary vehicles.
By nature of their maintenance, repair and installation work,
telecommunications vehicles arc often stationary on roads
for long periods, frequently in places where the present green
merges into the background of hedges and trces.

Future of Teleconununications Data Transmission—Post Office
Conunissions Survey

To keep pacc with rapidly expanding demand for data
transmission services, the Post Office has commissioned an
exhaustive independent market survey to establish likely
requirements of business uscrs for facilities to transmit
digital and analogue data over the next 5, 10 and 15 years.
The survey, to be carried out by a leading company of con-
sultants, will run in parallel with the Post Office’s own research
and development program.

The survey is intended to produce a forccast of the total
demand for data transmission facilities up to the early 1980s
in terms of the number and geographical distribution of
data sources, categoriscd by quantities and speeds of trans-
mission required, and a provisional schedule of facilities for
any public or private data transmission systems and nctworks
that may be required.

A rcpresentative cross-section of existing and potential
users of computers in all parts of Britain will be visited by a
team of specialist consultants. They will interview representa-
tives of business, industry, medical and research establish-
ments, universities, public utilities, and Government Depart-
ments.

Computer and allicd equipment manufacturers, and their
tradc associations, will be included, as well as professional
institutions covering a broad field of science and industry
and interests in accountancy, banking, insurance and
management.

Factors to be taken into account include:

(i) growth in the number and type of computers and their
diversity of usage,
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(i) developments in computer and telecommunications
technology,

(iif) trends in the development of business organization
and general economic factors,

(iv) thedevelopment of international data transmission, and

(v) the increasing on-line use of computer bureaux.

Questions asked of potential users will be designed to
establish what point-to-point facilities and public or private
networks arc likely to be needed and what signalling rates
will be required. If the need for a data network emerges
during the survey, planning information will be required on
three broad categories of usage: bulk data transfer, small
volume, quick response transfer (as for working into multi-
access, conversational mode computers); and rapid data
collection from a large number of sources.

To plan a data network, information in detail will be needed
on users’ requirements for data signalling rates and the
devices which users would wish to connect, e.g. keyboard,
paper-tape reader, card reader, line printer, magnetic-tape
unit, cathode-ray tube display or tclcinetry cquipment.
Other considerations will include the format of data messages;
comnputer alphabets to be used; message-length distribution,
and the unit of data to which a response would be required
at the far end. Planning parameters would depend on response
time- —defined as the elapse of time between the data message
being offered to the network and the start of its delivery at
the far end—and the proportion of connexion time used for
transmission. Error-rate toleration and facilities likely to be
required for correct-connexion security would need to be
determined.

The survey will also aim to bring out facts and figures on
present use of the telephone and telex networks for data
transmission. The amount and pattern of existing data-
transmission traffic will be established in relation to the time
of day data is transmitted, the time occupancy of circuits and
the proportion of data-transmission time to occupancy time.

The results of the survey will be referred to Post Office
research and development teams who will produce systems
proposals aimed at meeting most, if not all, the requiremcnts
identified by the market survey.

The Post Office and I.ondon’s Schools’ Television Network

The schools’ television system opened in London on
12 September by the Inner London Education Authority
(ILEA) uses a distribution network designed and installed by
the Post Office. The system caters for the transmission of a
maximum of nine 625-line television channels, in colour or
monochrome each with an associated f.m. sound channel.
An underground cable network of main feeders with branches
to schools and colleges has been laid from a central studio.
The cable is a single coaxial tube having a solid polythene
dielectric for strength and a welded copper outer conductor
to ensure freedom from interference.

At the end terminal, television signals from the cameras or
video-tape recorders will amplitude modulate carriers in the
v.h.f. band. Nine carriers are spaced so that the resulting nine
television channels occupy the frequency band 40-140 MHz.
The sound signals are frequency modulated so that the com-
bined vision and sound channel is of the same form as the
625-line signals transmitted by the B.B.C.
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Line repeaters are installed in telephone exchanges or
manholes at 500-800 yard intervals to amplify and equalize
the nine channels. The exchange repeaters also feed d.c. power
over the coaxial cable to energize the manhole repeaters. In
each school the underground cable is connected to a terminal
repeater which also amplifies and equalises the received
signals. An internal distribution network has been installed
in each school and college to feed the nine television channels
to receiver sockets in the classrooms.

A 24-hour watch is maintained on the system by trans-
mitting a pilot signal from the send terminal throughout the
network. School repeaters at the end of the network pick up
the pilot signal and send a supervisory tone back to the
nearest telephone exchange. If the pilot fails, the supervisory
tone is not returned and an alarm is given.

All the equipment uses solid-state devices, has been
developed by the Post Office and is manufactured to their
specifications.

A similar Post Office designed schools’ television scheme is
to be opened in Plymouth also in September.

The Post Office is also providing a network for the London
Stock Exchange Price-Dissemination Service which will
provide twenty 625-lines television channels on a single
coaxial cable between the Stock Exchange and 200 member
firms in the City of I.ondon. A somewhat simpler scheme is
the system provided for Welcome Television for distributing
tourist information to eleven leading West End hotels.

Analysis of the Sick by Distant Conputer

The day when computers take over the routine medical
analysis of sick people, may have come a step closer. The
Post Office has agreed to conduct a feasibility study in con-
junction with the Research Department of Anaesthetics in
the Royal College of Surgeons of England to determine
whether complex information about a patient’s condition can
be transmitted in analogue data form, over the public
telephone network, for analysis by a distant computer.

Preliminary experiments have already established that it is
feasible to send physiological information, such as blood-
pressure or respiration patterns, over long distances. The next
step is to establish the feasibility of sending such para-
meters simultaneously. If the experiments prove successful,
information about heart-rate and function, respiration, blood
pressures and temperatures available from patient-monitoring
devices at the bedside could be transmitted simultaneously
to a computer centre over considerable distances. Here, a
specially-programmed computer could analyse the different
analogue waveforms after suitable processing, comparing and
contrasting them with broadly accepted norms to furnish a
dependable indication of the patient’s condition.

The Post Office is now exploring the possibility of develop-
ing a system capable of transmitting three channels of
analogue data simultaneously along a single telephone line.

The main problem has been to modify the established
G.P.O. digital modulator-dcinodulator system to handle
analogue waveforms and provide multiple channels of
restricted but sufficient bandwidth. The waveshape must be
transmitted without distortion, to be presented at the com-
puter precisely in the form indicated at the patient-monitoring
end.



Notes and Comments

C. F. Davidson, C.Eng., F.I.E.E.

Frank Davidson, like a number of senior engineers, came
into the Post Office after serving an apprenticeship at H.M.
Dockyard, Portsmouth. Thus, although most of his subsequent
work has been in the radio field, he has a solid groundwork
in practical mechanical engineering and he has even served
as a part-time lecturer on Theory of Machines and Machine
Design to 5th year National Certificate students. He is also a
very competent mathematician, and the combination of high
technical ability with an exceptionally pleasant personality
makes him an excellent leader of a research and devclopment
team.

His association with satellite communication dates back to
a time when Goonhilly Down was a lonely area noted pri-
marily for heather,adders and “piskies,” and during 1961-2 he
made major contributions to the design, construction and
commissioning of the Post Office Earth Station which has
made Goonhilly a name of world renown. He was Controller
for many of the early experiments on the Telstar and Relay
satellites, and since then he has played an important part in
the continuing development of comumunication satellite
systems and techniques. Recently his field of work has widened
and, under his friendly guidance, the success of the Micro-
wave Radio Relay and Satellite Systems Branch of the
Research Department is assured. R. W. W.

Board of Editors

Mr. A. G. Leighton is resigning from the post of Managing
Editor of the Journal having served as an Assistant and
Managing Editor since February 1958. Mr. J. Martin has
been appointed acting Managing Editor pending the formal
appointment of a new Managing Editor. The new Decputy
Managing Editor is Mr. N. J. H. Ninnim and the new Assis-
tant Editors are Mr. P. G. Steele and Mr, D. Waldie.

Mr. W. J. E. Tobin has also resigned from the Board of
Editors having served the Board since February 1957.

The Board takes this opportunity of thanking Mr. Tobin
and Mr. Leighton for their long and valuable service.

Mr. A. C. Croisdale has joined the Board in place of Mr.
L. F. Scantlebury, whose retirement was announced in the
last Issue, and Mr. A. J. Barnard will replace Mr. Tobin.

10-Year Index

An index to volumes 51-60 (1959-68) is being prepared
and it is planned to publish it during January 1969. Thc
index will contain approximately 30 pages, cross-indexing
articles published over the last 10 years in title keyword and

authors’ names order. A separate section will be included to
index the Regional Notes. The price of the index will be
2s. 6d. (post free).

Any reader who wishes to purchase a copy of the index
should complete the order form enclosed with this issue and
return it with his remittance to the Managing Editor (Index)
forthwith. The print order for the index will be determined
from the orders received by 31 December.

Post-Graduate Awards, 1968

The Post Office is making a number of post-graduate
awards each year to selected staff. These awards will be
tenable at universities that have facilities for research or for
advanced studies relevant to Post Office problems, initially
in telecommunication science and engineering. In appropriate
cases the awards will enable the holders to qualify for M.Sc.
or Ph.D. degrees. The primary object is to further research
and to develop expertise of special value to the Post Office.

The Post Office awards were first made in 1966; the officers
selected for the 1968 awards, and the awards, are listed below.

Mr. A. R. Peacock, Grad..LE.R.E., Assistant Executive
Engineer, Project Engineering Branch, Planning and Mech-
anization Department, Postal Headquarters has been awarded
a l-ycar M.Sc. course in Systems Engineering at the
University of Surrey.

Mr. T. W. Adam, M.I.E.E., Executive Engineer, Technical
Support Unit has been awarded a 1-year M.Sc. course in
Systems Engineering at the University of Surrey.

Mr. R. H. Benton, B.Sc., Executive Engineer, Transmission
Systems Branch, Research Department, Telecommunications
Headquarters has bcen awarded a 1-year M.Sc. course in
Telecommunication Systems at the University of Essex.

Mr. W. J. Newman, B.Sc., Executive Engineer, Major
Projects Division, Management Services Department, Tele-
communications Headquarters, has been awarded a 1-year
M.Sc. course in Telecommunication Systems at the Univer-
sity of Essex.

Mr. M. Bennett, B.Sc., Executive Engineer, North-West
Area, London Telecommunications Region has been awarded
a l-year M.Sc. course in Telecommunication Systems at
the University of Essex.

Mr. P. G. Steele, B.Sc., Executive Engincer, Exchange-
Facilities Division, Telecommunications Development De-
partment, Telecommunications Headquarters has been
awarded a I-year M.Sc. course in Telecommunication
Systems at the University of Essex.

Mr. P. A, Kidd, B.Sc., Scientific Officer, External Plant
and Research Services Branch, Research Department, Tele-
communications Headquarters has been awarded a 3-year
Ph.D. course in Optical Character Recognition at the Univer-
sity of Essex.

Mr. A. F. Heaton, B.Sc., Waveguide and Optical Systems
Branch, Research Decpartment, Telecommunications Head-
quarters has been awarded a 3-year Ph.D. course in Mathe-
matics at the University College of North Wales, Bangor.

Mr. A. E. Pullin, M.Sc., Grad.I.E.R.E., Executive Engineer,
Technical Support Unit, has been awarded a 1-year Computer
Science course at the Institute of Computer Science.

Press Notices

This Issue contains a new feature, ‘“Press Notices.” The
subject matter of these notices will usually be covered by a
full article when the development foreshadowed by the notice
rcaches an appropriatc stage. The object of publishing the
notices is to give readers news and short notes on important
topics of interest at the earliest time.
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Institution of Post Office Electrical Engineers

Essay Competition 1967-68

The Council of the Institution is indebted to Mr. W. A.
Humphries, Chairman of the Judging Committee, for the
following report on the essay winning the first prize in the
1967-68 Essay Competition,

Mr. I. M. Hogg, Technical Officer, Aberdeen, the author
of the essay entitled ‘“Maintenance of Custom Service in a
Growing Telephone Network,” has produced an eminently
readable review of many of the new practices and expedients
that have been introduced during the last few years—a period
when the telephone system has been expanding at an un-
precedented rate.

After a brief look at the growth of the system since the
end of World War I, the author examines in more detail the
expansion in the nineteen-sixties and the problems faced by
internal and external planners in their efforts to make the
best possible use of available resources.

In the local service field the author notes the problcm
presented by the low calling rate residential subscriber, and
the use of shared service and line connectors. He surveys
the advantages derived from the introduction of polythene
cable, together with cable pressurization and long-length
cabling methods. He then turns his attention to automatic
exchanges, and to the multiplicity of expedients and new
techniques which have been adopted, such as composite racks,
over-ceiling and grid cabling, wire wrapping, and crossbar
and electronic exchanges.

A further section deals with the methods used to expand
the trunk and junction network to cope with the growth in
traffic. Reference is made to the difficulty which can be
caused by a faulty link on an S.T.D. call, and to current
methods of dealing with it, and this leads him to examine
benefits to be expected from the transit network. Mention is
made of the radio link network, and a brief explanation of
the basic principles of p.c.m. working is included.

On the maintenance aspect the author reviews a number
of recently introduced aids, particularly in automatic ex-
changes, and notes their importance in reducing the time
spent on manual routining. The value of print-out facilities,
and their particular importance in electronic and crossbar
exchanges is not overlooked.

Liberal use is made throughout the essay of simple graphs
and diagrams to illustrate those points the author wishes to
emphasize, and in the final section he indulges in some
interesting speculations on possible new services the Post
Office may be able to offer. He also touches on the advantages
to be derived from increasing computerization of engineering
records.

This essay (and other prize-winning essays), which will
be kept in the Institution Central Library and which will be
available to borrowers, can be confidently recommended to
anyone who requires a concise review of many of the sig-
nificant developments in telephone engineering over the last
decade.

Essay Competition 1968-69

To further interest in the performance of engineering duties
and to encourage the expression of thought given to day-to-
day departmental activities, the Council of the Institution of
Post Office Electrical Engineers offers five prizes, a first prize
of six guineas and four prizes of three guineas, for the five
most 1neritorious essays submitted by Post Office engineers
below the rank of Inspector. In addition to the five prizes,
the Council awards five certificates of merit. Awards of
prizes and certificates made by the Institution arc recorded
on the staff' dockets of the recipients.

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

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

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

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

“In forwarding the foregoing essay of ... words, I certify
that the work is nmy own unaided effort both in regard to
composition and drawing.”

Name (in DlOCk CAPILAIS).........ooeooeeeeeeeee e e
Official Address......

The essays must reach:

The Secretary,
The Institution of Post Office Electrical Engineers,
2-12 Gresham Street,
London, E.C.2.

by 15 January, 1969.

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

Institution Field Medal Awards, 1966-67 Session

Details of the medals awarded for the best papers read at
meetings of the Institution in field subjects primarily of
Regional interest were published in the July 1968 issue of
the Journal.

The Council of the Institution is indebted to Mr. E. C.
Swain, Chairman of the Papers Selection Committee of
Council, for the following précis of the medal-winning
papers:

“The Elements of Automatic Control as applied to a Large
Heating Installation,” by A. Ness

Central heating is the major accommodation service in
most Post Office buildings. The complexity of a large modern
heating installation is not always realized, particularly the
extent to which its operation is automatically controlled.

This paper describes the heating installation for Churchill
House, the Belfast Telephone Manager’s Office which, the
author states, is the tallest building in Ireland. The installation
has a number of novel and interesting features and these are
brought out in the paper which concentrates mainly on the
control systems, as it is the author’s intention to give an
insight into the subject of automatic control. He describes
various types of control system elements as they arc applied
in this particular installation, )

Firstly the general arrangement of the installation Is
outlined. A conventional radiator system is used and the
heating load is divided into four zones each of which is a
separate low-pressure hot water system fed from a calorificr
in the boiler room. The four zone calorifiers along with two
domestic hot water calorifiers are connected to three oil fired
boilers by means of a medium-pressure hot water circuit. A
detailed explanation is then given of the boiler control system.
The author shows how the number of oil burners running
and their firing rate is automatically regulated to meet the
load demand on the calorificrs. In this installation only one
boiler at a time is meeting variations in load while other
boilers, if running, will be at their full output. This arrange-
ment differs from the more usual method of modulating the



firing rate of all burners together and gives, in the author’s
vicw, advantages in overall efficicncy.

The sccondary zone controls are separate indcpendent
systems which provide facilities for different modes of opera-
tion to suit varying weather conditions throughout the year.
Outside compensation, night set-back and morning boost
facilities are all available. Whercas the primary boiler controls
usc clectric and elcctronic system clements, the zone controls
operate on a pneumatic system. It is belicved that this is the
first Post Office installation to have pneumatic controls and
the author devotes somc time to the operational principles
of valve actuators and thermostats which use compressed
air as a control medium,

Miscellaneous controls, boiler auxiliarics and the fucl oil
system are also described and the author concludes by
indicating that the control systemn elements he has mentioncd
are uscd in various forms for all heating, ventilation and
air-conditioning applications.

“A Review of Post Office A.C. Signalling Systems,” by W.
Sheldon

With the growth, one almost might say prolifcration, of
a.c. signalling systems at present in use, or planned to be
introduced in the near future in the Post Office nctwork, a
review of thesc systems appears to be timely.

The systems are numbered consecutively from 1 to 13 and,
with the exccption of number 2, are all in current or pro-
spective use. It will be apparent that thcre must be good
reasons why such a considerable number of a.c. signalling
systems have bcen developed and introduced and in the first
part of the paper thc author enumerates some of the principal
factors which must bc borne in mind in designing an a.c.
signalling system. Starting with the limitations of d.c. mcthods
there is mention of one or two early uses of a.c. signalling
followed by a discussion of the factors to be considered in
thc design of new systems. In the early days the choice of
signalling frequency was influenced by those available from
existing v.f. generators. Later C.C.1.T.T. investigations havc
shown the advantages of using frequencies higher in the
speech range. The number of different frequencies used, and
whether signalling is carricd in or outside the speech band
have great significance in the design of systems, particularly
that of v.f. receivers. The merits of the type of signalling code,
continuous, pulsc or acknowledged, arc discussed. The choices
open on calls involving more than one link are covercd by
comparing end-to-end with link-by-link working. The
problems of linc splitting and spill-over receive atten-
tion and there is a section on v.f. receiver guard circuits.

Having thus established the background, thc author
continucs with information on cach of the a.c. signalling
systems including the reasons for its adoption, frequencies
used, type of code, flow charts of signals in each direction
and circuit elements where thesc are of value in illustrating
the text.

The author describes the systems uscd on the national,
continental and international nctworks, lcading to a dis-
cussion on the methods of passing digital information betwcen
registers. The continental systcms use eithcr a binary or an
arythmic code and the national transit network employs
multi-frequency a.c. methods. The important point about
multi-frequency systems is the speed with which digital
information may be passed. The relationship between line
and inter-register signalling is brought out.

To make the papcr comprehensive the author includes the
v.f. signalling system devised for the cmergency telephones
on motorways. The system provides selective signalling on a
multi-frequency basis for up to ten tclephones connccted to
one pair of wires.

“Norwich Telephones—The Early Days,” by E. G. Clayton

This paper is in two parts; the first deals with the history
of telephone development and usage, and thc second deals
with the working life and conditions of the men who made
that history.

The writer starts by giving details of the first long-distance
telephone call (from Norwich) made by a representative of
Edison in 1878. The call took placc over the Great Eastern
Railway’s telegraph route fromm Norwich to London, a
distance of 115 milcs.

Mention is made of the first tclephone lincs erected around
Norwich leading up to the opening of the first telephone
cxchange in Norwich in 1883 hy the United Tclephone
Company which was operated by one man and a boy for
sevcral vears.

The story continucs through the take-over of the tclephone
exchange by the South of England Telephone Company
followed by the National Telephone Company take-over in
1890.

There follows an account of the wayleave difficulties
imposed on the National Telephone Company (N.T.C.) by
the Telcgraph Act of 1892, and how the Norwich Corporation
was the second local authority in the country to grant a
wayleave to the N.T.C. to open the streets and lay ducts
and cable in the highways. A copy of this wayleave map is
given in the appendices and is dated 2 November 1894.

The Telegraph Act of 1899 caused further trouble to the
National Tclephone Company as it now permitted other
telephone companies to be set up in direct competition with
the N.T.C. In Norwich, the Norwich Mutual Telephone
Company was formed in 1900. Three years later the N.T.C.
was alone in the field again, the Norwich Corporation having
dcclined to extend the period for the Norwich Mutual
Telcphone Company to start operations.

An analysis of the population and telcphone penetration
in 1901 and 1906 in Norwich gives two interesting pie charts.
Maps of this period show thc territories of both the N.T.C.
and the P.O. with their respective exchanges marked. One
interesting point is that there was only one through telephonc
line from Norwich to London prior to 1907, and none as
far south as Ipswich in the south-eastern direction from
Norwich.

The transfer of thc N.T.C. system to the Post Office in
1912 is cxplained and duties of the newly formed District
Manager and Superintending Engincer are given. Staff trees
of the N.T.C. and the Post Office illustrate the difficulties of
a quick transfer fron1the N.T.C. with its practice of comparing
the cxpenditure and revenuc of each sub-division, to the
Post Office with its central control and accounting pro-
cedure. Waylcave difficulties arose when the Post Office
took over the N.T.C. system since the permissive naturc of the
N.T.C. was diffcrent from the wayleavc powers of the P.M.G.

The history continues up to the Regionalization period
which forms a natural break in telephone development.

The second part of the paper traces the social conditions
existing for (he telcphone staff. In 1904 a Board of Tradc
enquiry examined conditions in Norwich and provides much
information on the cost of living, rent, pay, etc.; one of the
appendices includes details of the cost of living for wage
earners in the telephone staff bracket.

On 2 Fcbruary 1905 the National Telephone Company
entered into an agrcement to scll its telcphone system to the
Postmaster General and when the conditions of staff transfer
were madc public (clause 8 of the agreement) great disatis-
faction was felt by the National Telephone Company staff.
As a result thc “National Staff Transfer Association” was
formed with its objective to improve their future prospects.
After a great struggle transfer conditions were improved but
the writer points out that the Post Oflice staff now bccame
decply conccrned at thc preferential treatment the N.T.C.
staff were getting and the Post Office staff formed the
“Engineering and Stores Association” members of which
formed the “Post Officc Defence Committee.”

The work done by the Inventory Staff is mentioned together
with their working conditions.

After 1912 the story is continued up to Regionalization
with many most interesting examiples of the lifc and times
of the men who made this history.

A. B. WHERRY,
General Secretary.
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Additions to the Library

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

Members are reminded that Prize Essays, Associate
Section Prize Papers, and various unpublished papers are
held in the library for loan, and that a list will be sent on
request. Field Medal award-winning papers are also held
for loan and are listed in the Supplement to the Library
Catalogue.

2956 Principles of Electrical Transmission Lines in Power and
Commnumication. J. H. Gridley (Brit. 1967).

An introductory study in the transmission of elec-
tricity with emphasis on principles common to all
electrical transmission links, whether their functions
be bulk power transfer or communication. Useful for
students preparing for B.Sc.(Eng.) and Part III of the
examination of the Institution of Electrical Engineers
or for Higher National Certificate in Electrical Engi-
neering.

2957 Electronic Circuit Packaging. W. J. Prise (Amer. 1967).

Describes a methodical, systematic approach to the
integration of all clements of electronic circuits into
optimum, reliable, and economically feasible electronic
equipment.

2958 101 Ways to Use Your Square-Wave Pulse Generators.
R. G. Middleton (Amer. 1967).

Describes basic tests for RC circuits, audio ampli-
fiers, vidio amplifiers, inductive circuits, television-i.f.
amplifiers, r.f.-i.f. amplifiers, stereo f.m. units, and RC-
coupled amplifiers.

2959 Principles of Television Reception. D. Howarth and
W. Wharton (Brit. 1967).

The introduction of 625-line ultra-high-frequency
transmissions, the advent of colour television, and the
impact of transistors are all fully incorporated in this
book. Suitable for electrical technicians of all grades.

1214 Intermediate Engineering Drawing (New Edition). A. C.
Parkinson (Brit. 1967).

Includes a course in plane and solid geometry and an
introduction to design.

2830 Planning by Netrwork (New Edition). H. S. Woodgate
(Brit. 1967).

Extensively revised and brought up-to-date, this new
edition describes the fundamental principles involved
in the various systems—including P.E.R.T.and C.P.M,,
and examines in detail the managerial implications of
network planning methods.

2960 MOSFET in Circuit Design. R. H. Crawford (Amer.
1967).

Geared to the needs of the practicing engineer and
designer, this book provides the basic principles and
background required in MOSFET device and circuit
engineering.

2961 Cold-Cathode Tubes. J. B. Dance (Brit. 1967).

This book is an introduction to cold-cathode tubes
and the circuits in which they are comunonly used.
The approach is practical rather than theoretical,
and should be useful to technical college students taking
engineering courses.

2962 Audio Amplifier Design. F.J. Waters (Amer. 1967).

Written for the audio enthusiast who wishes to design
his own amplifiers, whether a single-stage or a complete
many-stage stereo system.

E. DOHERTY,
Librarian.

Regional Notes

Eastern Region
Leighton Buzzard Electronic Exchange (TXE 1)

On Thursday 23 May 1968 the electronic exchange at
Leighton Buzzard, which is the prototype design for larger
exchange areas, was successfully brought into public service
by the transfer of 1,998 subscribers formerly served by the
Leighton Buzzard U.A.X. No. 7 and Linslade M.N.D.X.
exchanges.

The occasion was marked by an informal buffet Junch
arranged by the local staff and the guestsincluded the Regional
Director and supporting staff from Region and Area together
with a number of representatives from both Telecommunica-
tions Headquarters and the manufacturers who had been
concerned with the development of the exchange. During
the proceedings the visitors had a unique experience when
the skirl of the bagpipes was heard and the piper, maintenance
engineer of the old U.A.X. exchange, paraded through the new
exchange playing an air that was understood to be a lament
for the closing of the old.

Subscribers do not share these sentiments, however, as
they are appreciative of the improved service now given and
of the introduction of S.T.D. facilitics. Extended service
observations have confirmed that the performance of the
exchange is very satisfactory.

S.H.S.

South East Region
For Sale—Ingrams Green Telephone Exchange in Working Order

The photograph shows the Ingrams Green U.A.X. No. 5,
near Midhurst, Sussex, in the Portsmouth Telephone Area.
The exchange started life as an R.A.X. on 1 September
1930, and was then intended to cater for some ten subscribers
and one public call office.
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It was the last surviving U.A.X. No. 5 in the Portsmouth
Area and has thus scerved this rural Sussex community very
faithfully over nearly 38 years, although for the last year



or two arrangements had to bc made to connect new custo-
mers in the Ingrams Green area to Midhurst C.B. 10 exchange.
On conversion to non-director working on 3 April 1968,
Midhurst exchange took over the majority of the old
Ingrams Green subscribers and rendered the “old faithful”
obsolete.

The photograph was takcn a few hours before Midhurst
exchange was opened and when Ingrams Green U.A.X.
was connecting some of the last calls it was ever to make.

C.F.B. and D.R.F.D.

London Telecommunications Region
New Television Switching Equipment

A new television switching equipment, described in the
October 1967 issue of the Journal, came into servicc at
Network Switching Centre, Post Officc Tower, London
(L/NSC) on 3 Dccember 1967. At this centrc the Post
Office provides a switching service for Independent Television
(I.T.V.) to route vision and sound programs to the Independent
Television Authority (I.T.A.) transmitters throughout the
United Kingdom, at times scheduled by I.T.A.

This service has becn given for the past nine ycars by an
equipment which has given faithful service but had to be
replaced to cope with the increased switching demands, and
the need to switch vision channels to the new 625-line colour
standards.

The superseded cquipment was limited in sizetoa 15 x 16
crossbar used to connect 15 sources of programto 16 destina-
tions on any arrangement required by the I.T.A. The ncw
equipment is a 30 x 40 crossbar with fully transistorized
transmission paths and a logic system operated from a push-
button control console, which stores three program patterns
and thcir respective program times.

Acceptance testing this equipment presented a formidable
task in that the vision and sound transmission paths had to
be lined up on sitc and many of the 1,520 recorded measure-
ments repeated scveral times before final acceptance. The
most difficult parameter to bring within the specification
was the vision-matrix crosstalk at the colour sub-carrier
frequency of 4:43 M Hz. With the switches dcstined to carry
the future I.T.V. colour service, it is essential that no cross-
talk occurs which could cause detectable interference between
the many possible colour signals carried at any one time.

Bringing the switch into use was a Centrc Area responsi-

bility and a Sunday was chosen for the opening day. The
later start to programs gave maximum time for over-night
changeover, followed by the minimum demand for switching
during the day. From this cautious start the equipment has
performed over 18,000 vision and sound switching operations
during the first 7 months’ service. Only 2 faults affccting
radiated programs have occurred.

On Friday 2 August 1968 the switch took on a new role
when the new television companies, Thames Tclevision
and Weck-end Television took over the program responsi-
bilities for the I.T.A. London transmitter. The change-over
from the weekday to the weckend company will be at 1900
hours each Friday instead of after programs on Friday night,
as at present. Normally all Post Office network switching is
done in a 15-second period when a studio announcer gives
viewers details of the next program to be screcned. Masking
of this 1900 hours change by thc broadcasting authority is
not possible and Post Office staff at thc L/NSC were respon-
sible for carrying out live program switching on and from the
above date.

D.H.A.

Outside Broadcast o f the Return of Sir Alec Rose to Portsmouth

The Post Office was approached by the British Broadcasting
Corporation to provide the facilities for the sound and
television coverage of Sir Alex Rose’s arrival on the sea front
at Southsea, and the motorcade route aftcrwards to the
Guildhall in Portsmouth.

The sound lines were provided by the local Portsmouth
engincers and the vision circuits by the London Outside
Broadcast teams, assisted by a team from Birmingham. The
Outside Broadcast Group was made up of 18 staff and cight
vehicles. The equipment used comprised eight send amplifiers,
10 video repcaters and thrce one-hop microwave radio-links.

The circuits were provided and working in time for the
rehcarsal on Sunday 23 June. Then came the pcriod of
waiting until the actual arrival of Lively Lady on 4 July.
During this period the circuits were used for inserts into news
items and other programs on no less than 30 occasions.

The final broadcast of Sir Alex Rose’s triumphant return
made full use of all the Post Office facilities, and the overall
coverage was a complcte technical success.

R.G.W.

Associate Section Notes

Salishury Centre

The annual gcneral mecting, held in May, concluded the
1967-8 session.

It was rather a quict session but two intcresting visits werc
made. Thirty membcrs werc the guests of the British Aircraft
Corporation at Hurn Airport, Bournemouth, for a tour of
the BAC 1-11 production line and this was voted a very
worthwhile cvening visit.

The second trip was to the Post Office Tower for a tour
of the technical floors including the television switching centre.
The visit proved to be very informative and was well received.

R.H.

Gloucester Centre

The 1968 program of visits has been very varied.

The April visit was an evening trip to the cellars of John
Harvey & Sons, Ltd, Bristol, which included a tour of the
wine museum, a talk and a film on the making of sherry and
finally a tasting of six different sherrics.

In May we travelled to Crewc to visit the Motor Car
Division of Rolls Royce, Ltd. Here we witnessed the hand-
built, precisc assembly of onc of today’s finest cars.

A party visited the Naval Dockyard at Portsmouth in
June and beside a boat trip round the harbour, looked over
H.M.S. Victory, the Victory Museum. We ended a very

interesting day vicwing a Frigate H.M.S. Sirius which was
in for its routinc overhaul.

The July visit was to R.A.F. Lyncham. Future visits, we
hope, will include the new signal box at Gloucester, the
Concorde at Filton and, by popular request, the B.B.C.
Telcvision Centrc and B.O.A.C. (London Airport).

Forthcoming lectures during the winter months inciude
“Pulse-Codc Modulation,” ‘“‘Basic Transmission Principles
and Practice,” and ‘““Cine Photography,” all given by our
own members. P.G.W

Exeter Centre

The summer has been a comparatively quiet time for the
centre and activities have been confined to visits.

Members paid a visit to Exeter City water works on the
cvening of 29 May 1968. The weather was kind and the
event was enjoyed by all. The party werc conducted around
the site by the resident engineer who had an intimate know-
ledge of water purification.

In spitc of a great dcal of effort, our Assistant Sccretary
has been unable to arrange a visit to B.A.C. Bristol this year.
We have hopes of arranging a visit sometime in 1969; this,
however, depends entirely on the success and timing of events
in the Concorde program. In place of this, arrangements have
been made to visit Pirelli Cable Works, Southampton, in
September. T.F.K
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Swindon Centre

In Fcbruary the centre continued its program for
1967-8 with a talk by Mr. J. Wilcox on “The work of a
Probation Officer.” This proved to be very interesting and
made the meeting realize that to carry out work of this nature
requires a certain amount of dedication.

The month of March once again saw the joint meeting
with the Gloucester centre at Cirencester. This year Dr. J. E.
Smith gave a talk, illustrated with slides and film on “The
Search for North Sea Oil and Gas” to approximately 50
members. This was an outstanding success, favourable
comments coming from all ranks.

In April, a party of 16 members paid a visit to the Westing-
house Brakc and Signal Co. Ltd., Chippenham, for a con-
ducted tour of the section concerned with assembling and
wiring Post Office testers and the semiconductor division.

The 1968 annual general meeting was held on Thursday
9 May and the following officers werc clected: Chairman: Mr.
P. E. King; Secretary: Mr. W. H. Baker; Treasurer: Mr. W. J.
Waldron; Vice-Chairman: Mr. J. G. Butt; Librarian: Mr.
A. Zrinyi; Connnittee: Messrs. Gill, Peyton and Sandell.

At the moment our membership stands at 97, and it is
hoped to reach the 100 mark soon. It is encouraging to see
that apprentices arc now joining the centre.

W.H.B.

Ayr Centre

In April a talk entitled “The Crossbar System’ was given
by Mr. Thunder of Messrs. S.T. & C. Many exhibits, including
a crossbar switch, werc on view and thc talk was very well
received, the attendance on this occasion being particularly
gratifying.

A visit was madc to the S.T. & C. crossbar factory at
East Kilbride in May, where our members wecre shown the
manufacture and testing of crossbar equipment, the test
laboratory being of particular interest.

The session closed with the annual general meeting in

June.
A.B.

Dundee Centre

The annual general meeting of the centre was held in
the Royal Hotel on Tuesday 7 May 1968.

The office bearcrs were re-elected as follows: Chairman.
R. L. Topping; Vice Chairman: R. C. Smith; Secretary:
R. T. Lumsden; Treasurer: D. L. Miller; Commiittee: Messrs.
W. Bell, W. Henncsey, J. McNeill, 1. Morrison, I. Smith, G.
Stephen, and M. Williamson.

A keen sense of enthusiasm was evident froin those present
and an all-out effort is to be made to encourage more mem-
bers to attend meetings.

Mr. I. Morrison has been successful in the Essay Competi-
tion and will rcceive his prize at a later date. The meeting
ended with an exccllent buffet supper.

R.T.L.

Cambridge Centre

The annual general meeting was held at Cambridge on 26
Junc 1968.

The following members were elected to office: President.
Mr. A. E. Paterson (unchanged); Vice-President: Mr. G. C.
Greenwood; Chairman: Mr. L. Salinon (unchanged); Vice-
Chairman: Mr. R. Halls (unchanged); Secretary: Mr. R. S.
King; Asst. Secretary: Mr. E. A. Burry; Treasurer: Mr. C. F.
Nunn (unchanged); Contmittee Members: Messrs. 1. Smith,
R. J. Farrington, S. J. Hurt, and J. Acker.

An eventful program is in thc making with visits to:
Marshalls Airport Works, British Rail Diesel Depot, Whit-
bread Brewery, Fleet Building, Daily Express and the Daily
Mirror, P.O. Tower, I.T.V., Nailstone Colliery, an oil rig
and Hawker Siddeley.
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Among the lectures that are planned are: ‘“Telephone
Network Planning” and “Electronic Exchanges.”

R.S. K.

Edinburgh Centre

The 1968-9 Session which started in September has been
planned as follows; certain details have yet to be finalized.

September: A talk by Mr. E. N. Davies, S.S.E.B., on the
“National Grid.”

@crober: A half-day visit to the National Engineering
Laboratory (Ministry of Technology) East Kilbride.
November: Mr. Robb, Area Engineer, Edinburgh Telephone
Area will give a talk on “Transatlantic Communications,”
similar to that given to G.W. Centre.

December: A visit to the recently opened Post Office
Computer Centre in Edinburgh.

January: A talk on Postal Mechanization by Dr. A. W,
Coombs, P.O. Research Station, Dollis Hill.

February: A visit to Melrose Electronic Exchange—The
first TXE2 in the Edinburgh Area.

March: A proposed talk by a member of the R.A.F.
Aerospace Briefing Team on “‘Project Apollo.”

April: A visit to the British Rail arshalling yard
at Millcrhill.

The session is to closc with our Annual General Meeting
and Dinner.
G.A.K.R.

London Centre

Our traditional season of inactivity that follows the con-
ference was this year clouded by the unfortunate death of
Ron Harper. His passing was especially saddening for the
suddenness with which it occurred. As Assistant Secretary
to London Centre he was a valuable member of the committee
and had the onerous task of writing the minutes. Before this
he had taken an active part in Centre Area work. He will
be missed by his colleagues at Victoria, all those at London
Centre and by all others who knew him at all. He will be
a difficult person to replace. Our condolences go out to his
wife and family for their loss.

The Annual Conference was held as usual in the imposing
1.E.E. building in Savoy Place. The President, Dr. P. R. Bray,
was there and among his remarks in thc opening address
he said that the Associate Section was the foundation stone
of the I.P.O.E.E. He also hinted at the possible changes
that will be taking place in the structure of the main Institution.

After the annual report, the propositions werc taken.
There were more of them this year than usual but discussion
on most was quite bricf, Certain alterations to our constitu-
tion were accepted but a more revolutionary move to change
the electoral arrangements was withdrawn after much dis-
cussion.

One resolution that was passed concerned the setting up
of a National Associate Section (N.A.S.). Early in this session
a steering committee will be set up, and one of its tasks will
be to communicate with other centres with a view to promot-
ing the N.A.S. It is London Centre’s opinion that this is a
necessary next step in the light of the changing circumstances
in which we find oursclves.

About now one of the most ambitious projects tackled
by any centre is under way. Some seventy members and their
families have been or arc cnjoying the hospitality of the
New World. They were able to take advantage of the
extremely favourable terms that we were able to obtain.
Norman Clark of the North West Area, who organized the
trip, cannot reccive enough credit for the success of the
venturc, The January edition of our own New Quarterly
Journal will carry a full coverage of the event.

The New Quarterly Journal continues to flourish and
the Editor has the heartening task of sifting through a con-
siderable amount of copy rather than scouring around for
material.

B.E.B.
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Research
Development
Design

think of GEC-AEI and you

Surveying, Transmission by Frequency Division Audio, Programme,
Planning, Radio Cable and and Digital Signalling
Systems Design, Open-Wire Line Multiplex Telegraph and Data
Installation Equipment

Commissioning

-.... a COMplete

GEC-AEI Telecommunications Limited is a management company responsible for the
telecommunications interests of The General Electric Co. Ltd. of England and
Associated Electrical Industries Ltd.

The largest company in this field in England, and one of the largest in the world,
GEC-AEI combines a vast research, development and manufacturing capability to

provide a complete telecommunications service.




think of....

Public Exchanges PABX-PAX Telephones Maintenance International
Trunk Switching Private Telephone Table, Wall, Training Representation
RAX-UAX Systems Secretarial,

Mobile Exchanges Loudspeaking

telecommunications service

Takes telecommunications

into tomorrow

GEC-AEI TELECOMMUNICATIONS LIMITED, OF COVENTRY, ENGLAND. 18/3$
A Management Company of The General Electric Co. Ltd. of England.
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The coil on the left is the type we used to use in the
Supergroup Harmonic Generator of GEC Multiplex
Equipment. We took a close and critical look at it and
set about designing and producing the smaller coil to
replace it. Why? Not for the sake of miniaturisation
but because this particular reduction in size of coil
enabled us to make a substantial reduction in the a.c.
power required to drive the harmonic generator with
a corresponding improvement in reliability.

With over 30 years’ experience in the design and
manufacture of Multiplex Equipment to meet the
needs of the world’s markets, GEC continues to
maintain its position in this field.

This is one facet of the total capability in telecom-
munications that is offered by GEC.

Takes telecommunications

into tomorrow
GEC-AElI TELECOMMUNICATIONS LIMITED, OF COVENTRY. ENGLAND.

A Management Company of The General Electric Co. Ltd. of England.




It'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 foryourcable needs.

CAD

CONNOLILYS

Gonnollys (Blackiey) Limited Cahle Division
Blackley, Manchester M3 3FP, Tel: Cheetham Hill 1801

@ cLn

Eddystone

Amateur communications receivers

BRITISH MAUE

EA12

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,and s.s.b,
shortterm drift betterthan 20 Hz 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
for f.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 MHzinfivebands. 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/EDSS
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at the GPO
but we don't

(Because we make Morganohms
‘ with extra care)

Non-linear resistors are the first choice of the GPO for economic
contact protection in certain circuit conditions.

We make Morganohm non-linear resistors with extra care to satisfy
the strict performance standards contained in specification D2024.

Delivery is another thing we care about. Morganohm non-linear

resistors are available ex-stock. Ask, and you’ll get them. Ask for

special types too, and we will develop them for you.

&
E Morgan e LIMITED g,

Telephone: Jarrow 897771. Telex: 53353. prés




Marconi
Radio Telephone
Terminal

Type H55H10

For interconnecting h.f radio
circuits with inland telephone o gy O gy
networks. g

® Eliminatescircuitloop instability
caused by feedback from the
receive-to-transmit path.

® Reduces the effects of fading
and high noise level,
characteristic of h.f radio
propagation.

® Controls outgoing speech so
that transmitter loading is
maintained at optimum level.

® Channel displacement and privacy
equipment can be incorporated.

® Maximum capacity, 4 channels.

Solid-state circuitry

Plug-in modulator book units
Flexible design

Optional built-in tape recorder

Marconi telecommunications systems

AN ‘ENGLISH ELECTRIC' COMPANY

The Marconi Company Limited, Radio Communications Division, Chelmsford, Essex, England LTD/REO
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PIRELLI GENERAL CABLE WORKS LIMITED, SOUTHAMPTON TELEPHONE: SOUTHAMPTON 20381 TELEX: 47522
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SIEMENS

If youwant to

measure to *0-05dB
with frequency

accurate to *1x10°
between10kHz & 25 VIHz

The Siemens measuring oscillator and selective detector is
completely transistorized and can be used to make selective
measurements of gain, attenuation, crosstalk, signal-to-
distortion ratio and reflection coefficient.
Other features include crystal lock-in every 1kHz and automatic
tracking of the detector with the oscillator.

Pitman Books

SIEMENS MEASURING OSCILLATOR
AND SELECTIVE DETECTOR

fillthisin...

I R st T TR o) EET (TR G P

Please send me, without obligation, full details of

the Siemens Measuring Oscillator and Detector. I

NBMB... ..o it it .

COMPANY s I
I Address

I Sole U.K. Agents I
| Cole Electronics Limited I
7-15 Lansdowne Road, Croydon CR9 2HB
Tel: 01-686 7581 Telex: 262346
. (| | | | | | | ]

Logical Design Manual
D. ZISSOS and G. W. COPPERWHITE

Dllustrated.  4os net hard cover, 27s 6d net paper cover

Developed from courses given at Liverpool College of Technology
by the authors, this book sets out procedures for the dcs1gn of
switching circuits in electronic equipment for communications,
computer, data processing and control activities, and incorporates
some original approaches developed by Mr. Zissos. A useful
feature is a reference list of circuits, containing some 160 diagrams.
The main appeal of the book will be to professional electronics
engineers engaged in these fields.

Protective Gear Handbook
F. E. WELLMAN Illustrated 8os net

A critical survey of modern protective systems, with notes on their
operation, maintenance and testing, this book is intended pri-
marily for operating engineers and maintenance staffs. It should
also prove useful to college students and others concerned with
the generation and application of electrical energy. The new
edition has been completely rewritten and embodies the dcvelop-
ments of the last two decades.

Digital Techniques
R. W. SUDWEEKS [llustrated 30s net

A revised version of a manual used by the Royal Navy, this book
provides an introduction to number representations and logic
design for graduate-level electronic engineers studying computer
and control system design. It will also be of interest in the more
sophisticated branches of mechanical control engineering.

39 Parker Street London W.C.2

MODEL ANSWER BOOKS

CITY AND GUILDS OF LONDON INSTITUTE
TELECOMMUNICATION TECHNICIANS' COURSE

Five model answer books are available, each
covering one of the following subjects:

TELECOMMUNICATION
PRINCIPLES A

TELECOMMUNICATION
PRINCIPLES B

ELEMENTARY
TELECOMMUNICATION

PRACTICE

RADIO AND LINE
TRANSMISSION A

TELEPHONY AND
TELEGRAPHY A

PRICE 7/6 each (Post Paid 8/-)

Orders may be sent to the Journal Local Agents or to
The Post Office Electrical Engineers’ Journal,
2-12 Gresham Street, London, E.C.2,
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The new

"WESTMINSTER’

solid-state radiotelephone
..Jrom PYE

designed for world markets

The new range of ‘Westminster’ solid-state radiotelephones is ready for opera-
tion anywhere in the world. Pre-production models successfully endured every
possible combination of adverse climatic, regional, shock and vibration ex-
tremes for over a year. This exacting field-test programme has proved the
‘Westminster’ range of radiotelephones suitable for global operation.

The ‘Westminster’ range is type-approved in many countries; dash, universal or
motorcycle versions are available.

.
. Pye Telecommunications Limited, Cambridge, England,
Telephone: 0223 61222 Telex: 81166

MR43



STC Telecommunications

Cut the operational and
maintenance costs of
your HF radio station right now
~with STANFAST

Here's how

STANFAST Systems—the STC concept of automated h.f. radio
stations—permit transmitting and receiving installation to be con-
trolled completely by one man from a central location.

STANFAST Systems provide high speed frequency changing,
automatic performance monitoring and rapid fault location affording
optimum traffic handling capability and maximum revenue.

STANFAST Systems use the latest techniques in radio design,
demand smaller sites and require less maintenance than hitherto.
Initial capital cost is lower and return on investment is greater.

MULTICOUPLERS

|.LLLLLLLI

ON STATION
RECEIVER
CONTROL

STANFAST MODULATOR UNITS

Used with STC h.f. exciter unit Type 4021-D to
supply modulated drive to STANFAST amplifiers. Two
identical outputs are provided for dualling of service.
Type A.1442-A provides SSB, ISB and DSB emissions
A3, A3A, A3B, A3J, A7A, and ASB at an output fre-
quency of 100kHz.

Type A.1443-A for FSK emissions F1, F4, F6 and on-
off keying A1. Nominal output frequency 100kHz.

ON STATION
TRANSMITTER
CONTROL

Standard Telephones and Cables Limited, Radio Division, Oakleigh Road,
New Seuthgate, London, N.11. Telephone: 01-368 1200. Telex: 261912

REMOTE
CONTROL
CENTRE
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STC Telecommunications

Researching ahead
to stay ahead

AHEAD IN STEP-BY-STEP SWITCHING.

Over five million lines are already in world service.
The new St. Botolphs London Telex Exchange—an
important International and Inter-continental transit
centre —will be STC equipped. St. Botolphs will
provide the most up-to-date switching and signal-
ling systems for world-wide Telex service.

AHEAD IN CROSSBAR SWITCHING.

Three more GPO orders for major transit switching
centres. To date over 16 exchanges will be supplied
with the STC Crossbar System.

AHEAD IN ELECTRONIC SWITCHING.

STC has been in this technique from the very first,
and as a member of the Joint Electronic Research
Committee is the leading developer of the large
TXE4 system.

Whatever the future, a massive £56 million a year
research investment will ensure that STC maintains
its world-wide lead in telephone engineering.

Standard Telephones and Cables Limited, Telephone
Switching Group. Oakleigh Road. New Southgate,
London, N.11. Telephone: 01-368 1234. Telex:
21612.

You could use this telegraph system

Or you could use a switching system
employing an STC exchange

The choice depends on the requirements but certainly any
STC Exchange will improve overall efficiency and usefulness
several hundred per cent. That's a large consideration by
modern standards and represents reductions in costs and
increases in revenue and income.

Talk to STC about your problem and you’ll find we’ve got the
system to beat it. Cord or cordless — manual or automatic —
duplex or half-duplex working. There's an STC system to bring
the service you need at the price you can afford. Drop us a
line and we'll talk telex economics. Anytime. Anywhere.
Standard Telephones & Cables Limited, Telephone Switching
Group, Oakleigh Road, New Southgate, London, N.11.
Telephone: 01-368 1234. Telex: 21612,
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STC Telecommunications

HCT

\/

Always on the air-ignoring the ionosphere

Long distance HF radio telephone links need
speech-operated gates to prevent ‘singing’. Result
—interference, interruption or even complete shut-
down when radio noise and fading are troublesome.

STC LINCOMPEX enables almost any conventional
four-wireradiotelephonesystemtouseCompanding
techniques, asitfeaturesaconstantnetloss system.
Result—optimum transmitter loading, high signal-
to-noise ratio, extended traffic handling capacity.

Voice frequencies are transmitted at constant
amplitude between 300 Hz and 2:7 kHz. The voice
amplitude variations are used to modulate a variable
frequency oscillator, providing aconstant amplitude
control tone of 2-:9 kHz 4- 60 Hz. This is transmitted
alongside the frequency signal and the two recon-

stituted at the receiver. Since the received signal is
only frequency dependent an overall constant loss
can be maintained.

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 installation costs are rapidly recover-
ed by the increased revenue resulting from greater
usage time.

A brochure gives full technical details. Write, phone
ortelexto: Standard Telephones and Cables Limited,
Testing Apparatus and Special Systems Division,
Corporation Road, Newport, Monmouthshire.
Telephone: ONE 3 72281. Telex: 49367.




15

STC Telecommunications

Canaries
Ahoy!

Over three-quarters of the 6,000 nautical
miles of cable and associated repeaters for
the system which will link South Africa and
Europe have now been supplied and laid by
STC for the South Atlantic Cable Company.
Progress continues with the laying of this
£25 million wideband submarine cable
system which by the end of this year will
provide 360 high quality telephone circuits
between South Africa and Portugal.

The 2,580 n.m. section between Cape Town
and Ascension is the world's fongest single
deep water link of 360 channel capacity laid
to date. Its 928,800 circuit miles is more than
double the figure for any previous single
link and its 276 repeaters—the greatest
number ever provided in a single link—
amplify a bandwidth of 3 MHz. Overall
results achieved with the 22 STC equalisers
of the latest design have been dramatically
good.

The 1-inch lightweight cable of STC's own
design, manufactured to precisely controlled
characteristics, provides competitively all
the security and technical advantages of
telecommunications via submarine cable
systems.

STC has already supplied more than
enough underseas telephone cable to com-
pletely encircle the globe.

Locations: STC Submarine Cable Division,
Southampton, Hampshire. STC Submerged
Repeater Systems Division, N. Woolwich,
London. STC Testing Apparatus and
Special Systems Division, Newport, Mon.

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

Ascensionls.|

CapeTown { _
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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 or 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:01-368 1234, Telex: 21612.

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

‘phone. Or on bed-side extensions at home you can

dial without turning on lights and waking the wife.
Nobody gets disturbed when the Deltaphone rings.
either. Mainly because it doesn’t ring. It just warbles
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 Limited, Telephone
Switching Group, Oakleigh Road. New Southgate,
London. N.11. Tetephone: 01-368 1234. Telex:
21612.

world-wide telecommunications and electronics




You only need
one pair of hands

and the telephone stiil rang

When the power cut plunged the place in
darkness the ‘phone was still dependably
alive. Naturally, that's how it is always. So
that we take it for granted. But behind that
dependability often enough are the stand-by
generators powered by Rolls-Royce diesels.
That's where reliability starts, with the repu-
tation of Rolls-Royce. As well as the many
Rolls-Royce generating sets supplied to the
G.P.O. for use on telephone networks, there
are countless other applications in all fields
of public service and industry—in hospitals
computer blocks, broadcasting, refrigeration
—in fact wherever continuity of operation is

essential.
'ROLLS-ROYCE
DIESELS

Rolls-Royce Ltd.. Shrewsbury, England
Tel: 52265 Telex: 35171 Grams; Roycar Shrewsbury

TOWER MANUFACTURING CO.LTD. DIESEL AND PETROL ENGINES - AERO ENGINES - MOTOR CARS
INDUSTRIAL GAS TURBINES-ROCKET MOTORS - NUCLEAR PROPULSION

P9i21
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TYPE 62

FULL RANGE

7 TO 14 DAY DELIVERY

- . 'FOR INSTRUMENT ELECTRONIC
HIGH PRECISION MECHANICS AnND AUTOMATION INDUSTRIES

TELECOMMUNICATIONS
MECHANICS

G.P.O. APPROVED

IMMEDIATE QUOTATIONS AND
TECHNICAL SERVICE

|

)
|
|
|

!

5

5
P.C.M. TRANSIT JIG TYPE 42 TO 62 CONVERSION

CRAY ELECTRONICS LTD N ELERHONE. CRATFORDASS
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Marconi

THIN ;
INE

tropospheric
scatter

SVStems The Marconi Thin Line Tropospheric Scatter System across

Lake Victoria is an excellent example of the type of use to
which it is being successfully applied. The link between the
Cayman Islands and Jamaica was the first of this type
installed.

UP TO 8 SPEECH CHANNELS
OVER DISTANCES
OF UP TO 200 MILES

Pioneered by The Marconi Company as a low cost
solution to the problem of high quality communi-
cations between widely separated centres of
population and inter-island communication.

@® Economicinstallation and running costs

@® Highgrade performance and long-term
reliability

~ @ Secure
@® Norepeaters

@® Less maintenance per route mile than line of
sight systems

Marconi radio communications systems

The Marconi Company Limited,
Radio Communications Division, Marconi House, Chelmsford, Essex

LTD/HE2 AN ‘ENGLISH ELECTRIC' COMPANY
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With a GUY GRIP DEAD END —it's dead easy. Jobs that used to
take 13 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 slip. Big economies are effected by this method. Demon-
strations arranged. Write or 'phone for comprehensive literature.

TRADE MARK

PREFORMED LINE PRODUCTS (GREAT BRITAIN) LIMITED )
ANDOQVER-HAMPSHIRE-ENGLAND-TEL: ANDOVER 4044/5-CABLES: PREFORMED ANDOVER

AGENTS THROUGHOUT THE V/ORLO. MAHUFACTUREO UNDER LICENCE FROM PREFORMEQ LINE PRODUCTS CO. CLEVELAND - OHIO -USA
COVERED 8Y PATENT AND PATENT APPLICATIONS NOS, B17535 - 817055 - 817534 - 805338 - 817644 - 788908,
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Behind the facts is a long and close association between GEC of
England and the Nigerian Ministry of Communications culminating in
this development which will give Nigeria an advanced telephone
service, the equal of any in the world.

the new
telecommunicabons
“network

b¥ G.EC.

of England

will fit
Nigeria
very well

The facts are impressive ... a £9.6
million contract placed by Nigeria's
Ministry of Communications with
GEC-AEI Telecommunications
Limited . . . a 2500 mile microwave
and VHF radio network linking all
twelve state capitals and many
smaller communities . . . with about
100 stations en route to carry
telephone conversations over
Nigeria's vastly varying terrain . . .
GEC to undertake all aspects of
the project from route surveys to
commissioning, including a
comprehensive training programme
and the use of computer-controlled
critical path analysis to ensure the
smooth progress of the contract.

e 6 GHz breadband radio systems

BAME B ? GHz broadband radio systemis
(XXX NN}
+Htdtt
saEEm
oo
XK IEE 38

450 MHz narrowband radio systems
12 circuit open-wire line systems
VHF natrowband radio systems

6 GHz equipment already in service
2 GHz equipment already in service

Takes telecommunications

Into tomorrow
GEC-AEI TELECOMMUNICATIONS LIMITED,
OF COVENTRY, ENGLAND.

A Management Company of The General Electric Co. Ltd. of England.

1B/38A



Light colourful 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, moulded 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 i
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
our illustrated brochure today.
Just fill in the coupon. _ e

2 SS@yph©

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

Te‘ecomm“nications Organisation

The Plessey Company Limited
Telecommunications Group
Beeston, Nottingham, NG9 1LA, England

Telephone: 264831

Address

Telex: 37202

@PT(SAN21
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The world’s second 480 circuit
Submarine Telephone System?#
England-Jersey

The world’'s second 480 circuit submarine telephone AR
cable system went into operation in February 1968
between England and Jersey. The contract wvas
carried out by Submarine Cables Limited who man-
ufactured the 137 nautical miles of cable and 21
transistorised repeaters. The special terminal equip-
ment was manufactured by A.E.|l. Telecommunica-
tions Group. The cable was laid by the Post Office
Cableship Monarch, and the shore ends by the
Cableship Poolster.

* The world's first 480 circuit submarine telephone system
was also manufactured by Submarine Cables Limited and went

. : . The Jersey end of the cable being tsken ashore
into operation between Norway and Denmark in October 1967. from the Cableship Poolster.

a GEC-AElI Company, GREENWICH, LONDON, S.E.10
Telephone: 01-858 3291 Telex: 23687 Cables: Maorings London S.E.10.
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~ provide a
comprehensive
service for
the design &
manufacture
of electronic
equipment &

{
i
}
i
i

The Institution of Electrical Engineers

Techniques of Pulse-Code
Modulation in
Communication Networks

G. C. HARTLEY, P. MORNET, F. RALPH and
D. J. TARRAN

A survey of the potentialities of pulse-code modulation,
and the issues involved in its adoption in communication
networks.

“The authors are to be congratulated on writing a very
good book." Electronic Engineering

‘Tt is to be hoped that the remainder of the series will
make as valuable a contribution to the literature as this

volume.” Technical Journal 30s. net

CAMBRIDGE
UNIVERSITY PRESS

components

Whtteley Electronic Equ:p-
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,

WHITELEY ELECTRICAL RADIO CO. LTD

MANSFIELD - NOTTS - ENGLAND  Tel: Mansfield 24762

London Office: 109 KINGSWAY, W.C.2 Tel: HOLborn 3074

wsl6s

VALUABLE FREE BOOK

Tells You How to Pass Your C. & G.
Examination at First Attempt !

All Post Office personnel who are anxious to
obtain early promotion should at once send for a
copy of our handbook “ENG! G OPPOR-
TI;N'ITIEB” which, among other intensely inter-
esting matter, descnbes our unique methods of
preparation fer the CITY AND GUILDS EXAMI-
NATIONS for the Telecommunication Technicians’
Certificate and for individual subjects—Mathe-
matics, Engineering Science, Engineering Drawing,
Elementary Telecommunication Practice, Tele-
communication Principles, Radio and Lige Trans-
mission, Telegraphy and Telephony, Line Plant
Practice. It also contains details of our courses
covering the G.C.E. subjectsrequired for promotion
to Assistant Engineer, Telecommunication Traffc
Superintendent and other grades; and the City
and Guilds examinations in Electrical Engineering
Practice, the AMIERE. and AMSE.

inations, in addition to a_wide range of
non-examination = courses in all braoches of
engineering—Radio and Electronics, Electrical,
Mechanical, etc.

We also provide tuition for the Radio
Amateurs’' Examination and ¢he 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

It you intend to make the most of today’s oppor- |
tunities, you cannot afiord to miss reading “ENGINEER-
ING OPPORTUNITIRS.” It tells you everything you want

to kuow to secure advancement, and describes many oppor-
tunities you may now be missing through lack of informatien.

Send for your copy today—FREE and without obligation.

BRITISH INSTITUTE

OF ENGINEERING TECHNOLOGY
727D ALDERMASTON COURT,
ALDERMASTON, BERKSHIRE
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COMPACT - LONG LIFE - RELIABLE - ECONOMIC

Ask Astralux
about Reed Relays.

Because we offer:—
® The widest range in the Country.
Our illustration merely shows some of our mere standard types.

@® ‘Economy’ models when price is all important or models
to meet stringent military specifications.

@® A prototype design service to develop models for your
special application.

Why not find out about the Astralux range of Reed Relays ?
If you haven't used Reed Relays before we would be pleased
to advise on theirapplications. Or if you use them already
why not ask Astralux to quote for your particular requirements.
With our comprehensive range coupled to our experience in
Reed Relay technoiogy we offer a service second to none in this field.

Write for our Catalogue
illustrating the wide range of circuit-ready Reed Relays.

Areyou interested inswitchinghigh A.C. Currents ? Ask aboutour Reedac.

ASTRALUX dynamics limited

Relay Divisien, Brightlingsea, Celchester, Essex, England. Tel: Brightlingsea 2517 8
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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 more reliable
equipment ; greater space saving ;
more economic installation;
better quality with extended
facilities.

IEIHEJESI*

S Ky L A g siiis

Mﬂflﬁ

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. |tis 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.

I\_Ilarconi o
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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Clever

1 for semiconductor devices in military and

other highly specialised equipment is
fulfilled by the broad cross-section of

: International Rectifier products that carry

full Joint Service approval, i.e. C.V./NATO

reference numbers. It includessilicon

! | diodes covering the current range 6, 12,
R i 60, 150 and 2560 Amperes, 1W and 10W
wieh ,_lzl. zener diodes, high voltage rectifiers and
| a wide range of thyristors.

Special technical bulletins and complete

I C.V./NATO/I.R. house numbercross-
references onthesedevicesare available

. ‘ F from |.R.—the current slicers—now.
international Rectifier + Hurst Green
‘ ' Oxted - Surrey * Telephone : Oxted 3215

the currentslicers
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FREQUENCY

STANDARD
TYPE HCD 22;:

This instrument is designed for laboratory
and professional use where a frequency
standard comparable in performance to In-
ternational standards is required. It uses
solid state devices throughout and incorpor-
ates a unique proportional temperature con-
trol system, which eliminates all cyclic
temperature effects.

This model employs a 5th mode overtone crystal
on 2500 KHz.

Type HCD 22/2.5 £920.
Stand - by battery equipment Type 626 £150.

Other models are available using a 5000 KHz
crystal for which the ageing rate will be + 2
parts in 1010 per day.

We can also supply standby power systems.

FREQUENCY:

FREQUENCY STABILITY

AND TOLERANCES:
Ageing Rate:

Change in Frequency
with Temperature:

Change in Frequency
with Supply Voltage:

Frequency Adjustment:

Conditions of Use:

RF OUTPUT:

POWER SUPPLY:
DIMENSIONS:

WEIGHT:
SHIPPING WEIGHT:

2,500 KHz.

Less than + 5 parts in 10!l per 24 hours after 3
months use.

Less than & 1 part in 1011 per °C from 0° to +
45°C.

Less than =+ 1 part in 1011 for -+ 10%, change in
mains voltage.

Precision dial on front panel with lock.

This equipment is designed as a laboratory stand-
ard for fixed installation. Normal use and treatment
has no effect on stability. Optimum performance
will be achieved when the equipment is located ina
stable ambient. Maximum ambient temperature 45°C.

Nominal 1.0 volts R.M.S. Impedance 75 ohms un-
balanced outputs on 5.0 MHz 1.0 MHz 100 KHz.

Suitable for operation from 117/230V 50-60 Hz.

19” standard rack pane!, 8 3/4” high, depth of
chassis 13”.

45 Ibs.
85 Ibs.

HCD Research Ltd

ELECTRONIC ENGINEERS

179 Junction Road, Burgess Hill, Sussex - Telephone 0444 6 2967
Cables: Stability, Burgess Hill.
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Tomorrow’s finest
communications receiver —

MUGACYCLES

|

£10CTCLEs

MIGACTCLRS

o Gam
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114403 3y
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dvallablenow
from Plessey—Britain’s
largest producer of
communications equipment

The facts about this all-transistor 60 kHz to 30 MHz com-
munications receiver speak for themselves ...

* Precision tuning with better than 100 Hz resolution
* Channel bandwidths of 300 Hz, 3 kHz (SSB), 6 kHz, plus
three more as an optional extra * CW, AM, USB, LSB
operation, p/us facility for extra modes if needed * short term
drift less than 5 Hz * low radiation—less than 5 pV * easy
operation with two tuning controls * A.C. mains or 24 V
battery operated * simple maintenance with modular con-
struction, printed card circuits.

Receivers like this have made Plessey Britain's largest
supplier of communications equipment. They are backed by
a long successful record of high standard design, precision
engineering and consistent high quality performance. The
PR155 is supported by a world-wide after-sales service,

And it’s available now. Send today for further facts —or telex 23166

@ Plessey Electronics

|

The Plessey Company Limited,
RADIO SYSTEMS DIVISION, llford, Essex, England

Please send further details about the PR155 communications
receiver,

POSITION.
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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.




Extrudex 24-way cable conduit
under construction.

Extrudex are the leading suppliers of
uPVC ducting and bends to the GPO

How many reasons would you like for specifying this
modern way to carry cable systems?

To start with, Extrudex uPVC ducting has many technical
advantages over previous, heavy handed methods.
Extrudex ducting is light and flexible to handle yet it
resists all harmful underground substances.

And while other materials have gone up in price, Extrudex
uPVC ducting hasn't.

More reasons: Extrudex ducting protects the cables per-
fectly for a very long period thus overcoming the age-old
problem of silting up. Withdrawal problems are also
overcome because of the low frictional coefficient of uPVC.
Extrudex cableducting meets GPOspecification LN 173B.
Itis, in fact, manufactured to higher specifications
than BS 3505 and 3506. ABDAT COMPANY

A=
Extrudex

{tis available in 10 ft. and 20 ft. lengths in three diameters:
Duct 54. 3.8 in O.D. x 3.5 in |.D. Duct 55. 3.62 in O.D.
x 3.56in I.D. (suitable for use in concrete). Duct 566. 2.125
in 0.D.x2in I.D.
DESIGNED ESPECIALLY FOR EXPORT. The three ducts
intersleeve to substantially reduce shipping costs — mini-
mum clear bore of 4” diameter and colour coded for
immediate identification. Over 1,000 miles have already
been exported.
A complete range of bends is available, including long
and short radiused.
These are all good reasons for getting more information
about Extrudex ducting. Write to Dept. C205.
Extrudex Limited Aycliffe Trading Estate,
Darlington, Co. Durham. (Aycliffe 3261)
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Marconi-Elliott Microelectronics

MO®S

MOS increases the opportunity
of introducing the advantages
of microelectronicsinto a

wider range of equipment.

MOS devices,bycontainingvery
large numbers of circuitsin one
package, are more suitable
forcomplex and sophisticated
equipment specifications.

MOS now enablesthe A simple 24 shift register circuit containing
. . , 148 transistors.

equipment designerto introduce

microelectronic techniques

upto sub-systemstagesin

hisdesign.

MOS is completely reliable.

MOS greatly reduces unit costs. MOS CALL to Dr Steve Forte
MOS shiftregisters, counters, on Witham 3401 will give you
switches, and linear circuits prompt details of our confidential
are available from stock. custom design service,

Marconi-Elliott Microelectronics Limited
Witham, Essex. Telephone : Witham 3401. Telex:99293
Glenrothes, Fife. Telephone: Glenrothes 3511. Telex: 72414

AN ENGLISH ELECTRIC COMPANY
LTD/T73




You cannot make time stand still because

production is held up for want of essential H Yl
= i

components. Time passes willy nilly. So
order frem us. We stock nearly 3,000 items
and clear every order the day it 1s received.
We keep you up with your vital time
schedules—or even ahead of them!

/ P o P.0.Box?BH,4/8 M » L W.1.Tel: 01-387 . -387 7232 (Other Depts.
R“l’l()&p(ll'es 0.8ox 4 aple St., London, W.1.Tel: 01-387 0151 {Order Dept.) or 01-3 (Other Depts.)

Telegrams & Cabtes: Radosneres. London, W.1.
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